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THE APPLICATION REVIEW ON THE ROLLING STOCK
OF DEVICES FOR TURN OF WHEEL PAIRS
IN THE HORIZONTAL PLANE

Alexandr Golubenko, Andrey Malohatko, Sergey Klyuey
Alexandr Klyuev

Volodymyr Dahl East Ukrainian National Universityygansk, Ukraine

Summary. The application review on a rolling stock of dewder turn of wheel pairs in the horizontal plane
is presented in this article. Parameters of movénoérsingle wheel pair in a direct way and radids o
curvature of a way, in which radial self-instakatiusual colpar is possible, are defined. The erpeg of
use of each kind of rotary devices is shown.

Key words: roller bench, experimental carriage, wheel pairasuging, wheel-rail contact.

INTRODUCTION

For the purpose of the systematised review of thevariety of devices for turn
of wheel pairs in the plan, we will divide into ¢&r kinds:

1. The device for turn of wheel pairs usual typ¢hva rotating axis, but with
various conical shape of bandages and a profileugare considered above).

2. The device for turn of wheel pairs of usual tyipat with application of special
directing and rotary in respect of devices [Kokore®93].

3. The device for turn of wheel pairs with an uatve axis (with a free nozzle
of the right and left wheels on pins of an axiahim® and with directing and rotary
devices in the plan.

Wheel pair of usual type, i.e. with a rotating axigl bandages of the conic form,
possesses property to move on a twisting trajecongerning average position in a rail
track. [Vol'pert, 1990]. Therefore usual wheel peéin be considered as the elementary
rotary device providing self-installation in theaplin the event that movement of colpar
it is not constrained by other communications istegn of rail crew, and preventing
constant contact to rails and intensive deterionatf crests of bandages [Bogdanov,
1992, Byinosov, 1995, Byinosov, 1994].
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THE FORMULATION OT THE TASK

The increase in diameter of wheels leads to impreré of characteristics of
fluctuations of wagging in a direct way (the lengtha wave "L" grows and frequency
of fluctuations f decreases), conditions of passdgrirve sites (the radius of curvature
R, increases, see tab. 1) however worsen.

Usual wheel pair has a bias of bandages i = 1/@f-$peed electric trains on
railway road "New - Tokaido" in Japan have a wogkprofile with twice smaller bias i
= 1/40 for a high-speed domestic electric train vAlexpress train” with constructional
speed of 200 km/h a bias of a working profile ofewts is accepted still smaller i =
1/100 [Works ,1978]. It is made that frequencylatfuations at speed of movement V
= 200 km/h would be less, than at V = 100 +120 kat/bhsual locomotives and cars.

The biaxial cart with crosswise cross-section comications (Sheffelja cart
[Priests, 1979]) addressing on sites with a comalile quantity of curves, is equipped
by bandages with conical shape 0,2, i.e. with fgeblas i=1/10.

According to the researches conducted by Golubenlschool [Golubenko,
1999] (see tab. 1), at i=1:10 wheel steams carcselfer in a radial direction in curves
R>280 m and more that corresponds to all often mgetimve sites R. The constructive
scheme of Sheffelja cart however worsens charatig=iof twisting movement in a
direct way (the length of a wave decreases, freqjuehfluctuations grows).

Table 1.Parameters of movement of single wheel pair in airct way and radius of
curvature of a way in which radial self-installation of usual colpar is possible

At what value of radius of
curvature of a way radial

Initial data Movement parametres in a direct way - .

Ne installationxonmaps: is
Ne possible
/i 3

D,u| i |yom |La|f[ly] max A R Ymnax Rip>R [m]
1 (1,051:20(0,007(18,1| 1,53 | #0,00244 (8,4') £2.6 | 1190| 0.007 Ry=1190
2 11,251:20] 0,007|19,8| 1,4 | #0,00222 (7.6]2,37| 1420| 0,007| Rez1420
3(1,05§1:10{0,007|12,8| 2,16 ﬂziiog,‘;?) +3.65| 800 0.015 R,>280
4 |1,251:10{0,007[13,99 1,99 i((’i%oé‘)m 36| 710 | 0015  Fw=330

where: D - diameter of wheels; i — a bias; L - lgngf a wave;
Vo - the greatest displacement of colpar in a dineot

Bmax- the greatest corner of a deviation of colpahmplan;
A - longitudinal moving of axle boxes aé F 2134 mm;

R - curvature of a trajectory; R = (r*lk)/2yi

ymax=y0 + 6 with the account of widening
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A lot of attention was given and is given nowad#aysesearches for choice an
optimum profile of a bandage [Golutvina, 1978, ®oea, 2000, lvanov, 1974, Pan’kin,
1991, Kurasov, 1981, Stacenko, 2003], howeverwlig of improvement of horizontal
dynamics and reduction of deterioration of crest$ @as a whole bandages is not always
effective, how in process of deterioration of bageka the initial (new) profile is
deformed: dynamic qualities and obsolete charatiesi as a rule, worsen. To keep
under operating conditions invariable a profileaobandage at the expense of more
frequent turnings not always expediently as it $ad price increase of repair of
running gears. Deterioration of rails and as counsage the distortion of profile of rail
heads leads also to instability of dynamic charésttes of a rolling stock [Byinosov,
Stacenko 2002, Byinosov, Stacenko 2003].

Deep theoretical researches of system movementeof with a rigid frame or
bogie taking into account the elastic sliding dfeel pairs and limiting backlashes in
axle equipment show that as a whole this systemnisgtable [Golubenko, 1999].
Operating experience shows that at speed of movetmétd km/h in a direct way and
in curves R1500 m bandages with a bias of a surface of drivir2p practically
provide contactless movement of crests of bandagdgheir minimum deterioration; it
does not occur at speeds above 70 km/h and inve eualy of [Golytvina, 1978]. It is
almost impossible to fulfil requirements of goodf-gestallation of usual wheel pairs in
a direct way and in operational curves.

In conclusion of consideration of the elementarytbé rotary device", i.e. usual
wheel pairs, it is necessary to tell what to coratteit and to carry out other direction
of movement of usual wheel pair not so easily: this purpose it is necessary to
overcome a twisting moment created by forces oictidn between wheels and rails on
a shoulder, equal to distance between planes olesinof driving of wheel pairkl=
1,58m:

Thus, the device of radial installation of wheeirpaof usual type, at all its
simplicity, absence of feedback is automatic, dngatwisting periodic movement in a
rail track, but not steady and rather powerful.

Passing to consideration of rotary devices of theosd kind we will tell that
they are systems, in which simultaneously operad ¢wo independent rotary devices
confront): wheel pair of usual type and the dimgtdevice which should overcome
action of the first.

In this sense application of wheel pairs with anotative axis in the presence of
a directing rail is the most radical decision oéstions of horizontal dynamics as in this
case the trajectory of movement of wheel pair dogsdepend neither on a bandage
profile, nor from a difference of diameters of wiseef wheel pair. Therefore lateral
static pressure upon a directing rail in curvessitta way can be received equal to zero;
it can arise only in transitive curves from indrfiarces, the gyroscopic moment and
damping efforts at turn of wheel pair in an inpotian exit from curve sites of a way.

Passing to consideration of rotary directing devioé the third kind, i.e. with
wheel steams with an unrotative axis, it is neagstatell that they on a rolling stock
of railway transport are not applied, however ttegg the basis for engines of all
modern cars and other wheel transport cars [Bolamer®Orlova ,2006, Kaley,
Semyuels, 2003].
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Operational tests within a year of eight-whelle@&ctlosection with skilled
biaxial cart of type K - 68 with differential ondaiving axis and an unrotative axis on a
supporting axis have shown the following:

a) The Car has been less subject to cross-sedtiotudtions at low and high
speeds of movement; amplitudes of fluctuations afging have decreased on 60 - 80
%, lateral pressure upon rails — for 50 %.

b) Sinusoidal fluctuations of wagging of wheel paiave been completely
eliminated, the tendency to preservation of coristantact is observed between one of
crests and a lateral surface of a rail.

¢) It has not been noted the essential reductiomtehsity of deterioration of
wheel pairs bandages of new design in comparistimtive usual.

d) The size of resistance to movement in curvesdwseased on 20 % the
electric power expense in curves has decrease0-atb%.

Results of researches of the cart K - 68 in Japmwsthat advantages from
application of wheel pairs with independent rotataf the right and left wheels (with
an unrotative axis) can be received considerablgerifave will apply directing device
to 1st wheel pair of the cart and to provide cotigs movement of bandages crests
[Kobayashi, 2000]. Besides, differential, as thetkifnat is not peculiar for locomotive
building factories, it is expedient to replace wéttseparate drive of the right and left
wheels of wheel pair from two feasibility reportgdugh two traction reducers. In this
case each wheel with the drive rotates irrespectiveher wheel.

THE DECISION OF THE TASK

Recently in patent materials appear more oftemtéssages on patents for rotary
devices separate wheel gift in carts and as a wtanis concerning a body in the plan
with application of systems of automatic stabilizatof position wheel gift or frames of
the cart concerning a rail track.

The considerable quantity of patents is protectgctdnstructive schemes for
realisation of turn in respect of wheel pairs afway crew; however does not make a
reservation thus, what type of wheel pairs is eigrgdor using. At the same time, as it
follows from the aforesaid, the type of wheel pdies the most direct relation to the
scheme of the rotary device.

CONCLUSIONS

In conclusion of the review of rotary devices wél wonsider properties, best of
them (3 kinds (fig. 1,2,3)):

a) The Minimum twisting moment for overcoming ofdes of a friction, inertial
and returning forces is required for turn in a hontal plane (in the plan) wheel pair
with an unrotative axis, therefore rotary devicéthe third kind are the most expedient
for using on a rolling stock of railways.



THE APPLICATION REVIEW ON THE ROLLING STOCK OF DACES 9

TNpuaosennsi
MOMEHT

[napousnnagp

Fig. 1 Use of hydrocylinders  Fig. 2 Application of feasibility Fig. 3 Mechanical self-
for turn wheel parf reports on each wheel installation

b) Wheel steams with unrotative axes cannot be wgdtut directing rotary
devices or a compulsory steering with a drive frwatching system (depending on size
of a lateral backlash of wheel pair in a rail thack

c) Application for a rolling stock of railways ofheel pairs with an unrotative
axis and with the rotary device is the complexattllowing considerably to improve
horizontal dynamics in a direct way and in curvessio receive economy traction and
energy expenses at the expense of reduction staese to movement of rail crews in a
direct way and especially in curves, to provideregoy of metal and means at the
expense of considerable decrease of intensityaofldges and rails deterioration, to
raise durability of all elements of a design of ehmotor blocks at the expense of
division of a drive of the right and left wheels wheel pair and realization thus
statically - the definable scheme of a tractiowe&on locomotives.

d) The directing complete set consisting of wheal pvith an unrotative axis
also drove with a directing roller, in the dynamétation the deviation of a directing
roller “A” - an entrance signal is nonperiodic link in whittte cross-section deviation
“y” wheel pair in a rail track from average positis in target parameter. Therefore the
deviation of wheel pair at absolutely rigid railsdadrive cannot be on size more = 1,5 +
2 mm, and transient of cross-section moving of Wipe@ in a track after moving of a
directing roller is nonperiodic, i.e. is made witlhdesitation. The constant of time of
this link is equal to the relation of length drote linear speed of movement. This
directing device is recommended to be used foracchrgpmotives.

e) The ideal rotary device for wheel pairs withatative axes is the contactless
system of automatic control of turn in respect ioécting wheels of the cart (fig. 4). In
this case the electric drive of the rotary deviperates from the strengthened electric
signal proportional to the sum of signals: a cremstion deviation of wheel pair in a rail
track, “y” its the first and the second derivativéd all advantages of this system, its
lack consists in necessity of application of théfialilt electronic equipment. This
system of automatic stabilization of a lateral Bask of wheel pairs in a rail track is
recommended for use on high-speed passenger tramggoconstructional speed more
than 200 km/h.

rl
R=—K 1
2yi @)
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where: r - nominal radius of right and left wheefswheelpair;; k - distance between
the planes of circles of rolling; y - current traassal displacement of wheelpair is in
railway track; i — slope of working surface of beac

Fig. 4. Contactless system of automatic contralloéel pairs turn

In conclusion of the review of rotary devices ofeghpairs it is necessary to note
the greatest expediency on railway transport ofdéeices of the third kind, with the
automatic electric drive of turn which can be useda rolling stock of high-speed
service.
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AHAJIA3 YCTPOMCTB IOBOPOTA KOJIECHBIX ITAP
B I'OPU30HTAJIBHOU IIJIOCKOCTH

Auexcanap I'osry6enko, Anapeii Manoxarko, Cepreii Kinoes, Anexcanap Kiroe

AHHOTanus. B cTaThe NpHBEEH aHAIM3 YCTPOHCTB MOBOPOTA KOJIECHBIX Map B FOPU30HTAIBHOM IJIOCKOCTU
¥ BBIOOpD KOHCTPYKTHBHOH cXeMbl. OmpereneHsl HapaMeTphl IBIKEHUS OJMHOYHOH KOIECHOH Iapsl B
IpsSMOM IIyTH M PajdyCc KPUBH3HBI IIyTH, B KOTOPOM BO3MOXKHA pajHanbHas CaMOYCTaHOBKA OOBIYHOU
KonecHoi nmapsl. [TokasaHa 11esecoodpa3HOCTh NCHOIB30BAHMS KaXKI0T0 BHIa TIOBOPOTHBIX YCTPOHCTB.

KuaroueBbie ciioBa: IIOBOPOTHOC yCTpOﬁCTBO, KoJieCHas 1apa, OaHIax, HEBpaljaronasacsa ocb, H3HOC,
PEIBCOBOE TPAHCIIOPTHOE CPEACTBO.
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DEFINITION OF SUFFICIENCY OF SPARE PARTS
AT SERVICE OF DIESEL LOCOMOTIVES

Aleksandr Babanin**, Sergey Smetanin*

*Locomotive depot N.Kondrashevskay the Donetskiwasg,
**Ukrainian state academy of a railway transportati, Kharkov, Ukraine

Summary. The technique of definition of sufficiency of spaparts is considered at service of diesel
locomotives. Situations are classified and thedsiiuctures of maintenance of service are offeésedpare
parts which most often are used in practice. Methafdjuantitative definition of spare parts on esithcture
which include the nomenclature, intensity of aatneof applications, average time of restoratiord also
separate price factors are offered. Sufficiencyspére parts for service maintenance service ofebies
locomotives 23116 is calculated.

Key words: sufficiency, spare parts, complete set, exchanfiection, updating, repair body, service, supply,
structure, diesel locomotive.

INTRODUCTION

During deep system transformations to a locomofaailities of railways of
Ukraine structural and functional interdependenwenptly develop and go deep. It, on
the one hand complicates, and with another stremgtteconomic relations without
which modern locomotive depots which carry out Eenand repair of a traction rolling
stock, cannot function and develop. In particulaoincerns to material support when in
conditions of transition to market attitudes{retais} development of modern methods
of increase of efficiency of communications{conneas} between suppliers and
consumers is necessary at the organization ofcgeofilocomotives.

ANALYSIS OF LAST RESEARCHES AND PUBLICATIONS

Formation of the theory of storekeeping as scientifscipline has begun in the
middle of 1950th years. Detailed development of thiage it is resulted in works
[5,10,16]. There is a number of manuals [1,4,612,9,3,14,15,19] where from the
mathematical point of view the essence of formatibwolume of stocks reveals, and
also the basic laws apply to various industrieora of last works [16], on the basis of
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generalization as the main parameter the condafomaintenance of set reliability of
supply is used. Algorithms offered in given worle ateveloped by means of the device
of the classical theory of management: modern nusthaf the theory of adaptation,
mathematical programming, stochastic optimizatemmyrinciple of a maximum. At the
same time it is necessary to note, that the mgjaitthese development have the
limited applicability because of impossibility irefihition of costs as a result of loss of
preference, strong-willed purpose of norms of s$oeld also absence of the complex
approach to components of cumulative stocks owayl of their movement and to their
distribution between parts of investigated systeRreceeding from it, in given clause
the complex technique of formation and an estinmatibsufficiency of stocks of spare
parts in view of the basic industrial parts is offit at the organization of service in a
locomotive facilities.

MATERIALS AND RESULTS OF RESEARCHES

As is known updating of any stockZ & always happens to some delay

concerning the moment of delivery on it requirerseftt6]. These updating can be
subdivided on:

- instant (delay in delivery is very small);

- with a delay for the fixed term;

- with a delay on a casual interval of time witholam or unknown likelihood
distribution;

- emergency updating.

Accepting, on features of a design, a diesel lodva@s the big difficult object,
it is possible to allocate in him three basic dutel subsystems of the organization of
supply with spare elements:

- the single complete seitfprepresenting amount of spare elements which are

given to directly given locomotive for maintenarafehis working capacity;

- the complete set of spare elements of the réymaly ZSR;’ representing amount

of spare elements which are given only to him, wlith purpose of maintenance of his
working capacity. Functioning of repair body@ consists in elimination of refusals in
faulty sites or details of the locomotive whichhion act for their restoration. Thus, the
repair body is intended for restoration of the otgewhich have acted to them and

should be provided by the sto&®;

- the exchange collection of repair bod[; “°representing amount of finer

spare elements which are given to repair body wbahserve both the single complete

set pr, and sites acting in repair body.

These structural subsystems can be combined antmgselves in various
variants. Proceeding from this 7 variants of stites of maintenance of service by
spare elementsSMSSIE which most often are used in practice are offefigtky are
presented on fig. 1.
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The first variant reflects the most widespré&dSSEn which has reserveé[gp

replenishes directly from an external source. Enxternal source will be understood
hereinafter as an external warehouse, base, ayaetw. which limitation at updating
elements in calculation is accepted will not bedéfault at the locomotive what or an

element in the complete séﬁp the application which is immediately satisfiedsaift

the corresponding spare element there is avail#il@bsence of a spare element the
application becomes in "turn" and waits to not appeet an opportunity her to satisfy.

The length of turn of unsatisfied applications das various and depends on main
principles and conditions functioning of systematgjistics.

1 variant | 2 variant | 3 variant | 4 variant | 5 variant | 6 variant | 7 variant

External source of deliveries and updating of spare parts |

RO R
| Z.\.,n | I zs.p

(o] |[xe]

I z-‘}

p

| ZO

1T

Service maintenance service of locomotives |

Fig. 1. Variants of service maintenance with sgdeenents

Thus, in the first variant the application for aasp element which has arrived
from object in the complete set’ , can be satisfied or immediately, or with some

s.p?
delay.
In the second variant the complete s@s‘ftp replenishes from repair bodyO
which in turn has the complete séjg and filled up of an external source.

The third variant provides, that the complete zgg is given to each type of the
locomotive. These complete sets replenish also fiemair bodyRO which in turn has
the complete sezfg and filled up of an external source (as well aghe second
variant).

In the fourth variant for service the exchange cletepset of element&_; "°
which directly replenishes from repair boR®is given.
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For the fifth variant it is installed, that eachnuaete setzgp for service

replenishes from the exchange complete set of efsm&’;™ " which too directly
replenishes from repair bodRQO.
In the sixth variant updating of the complete ﬂﬁp for service is provided

directly from several repair bodi&3-1 andRO-2 in various combinations.
The seventh variant provides updating elementséovice from the exchange

complete set of element; " which too directly replenishes from repair bodR&-
1 andRO-2 in various combinations.

For an estimation of sufficiency of the concretenptete setZ
are necessary.

1. Quantity of types of replaceable elemeN{s in a product;

2. On each type of replaceable constructive elemnth@ data card with initial
data is made

i /\iO -riO niO ;)iO (1)

o

s p» Tollowing data

o .
s.p?

N\, - intensity of a stream of applications for elemseof i-th type from a product in

where:i - number of type of elements under the nomendatfithe complete set

the complete sezgp; T, - average time of restoration of one elemenit-tf type in

ng (i.e. average time which passes between withdrafval spare element from the
complete setZSp and receipt in this complete set of a similar meable element
instead of withdrawn);n, - initial amount of spare elements bth type in the
complete setzfp; Po - the maximal possible length of turn of unsagidfapplications
for elements of-th type of centuryZSp (the whole positive valugz,, corresponds to

cases of the limited turn of unsatisfied applicasioAt p, = O it is accepted, that the

length of turn is unlimited).
Intensity A\, is defined by a stream of replacements of elemefitgh type in

products (not necessarily conterminous with a streérefusals), and also a stream of

refusals of elements oth type at storage in the complete Zé’g
Aio:kiE(m/]i+M)+(1_I|{E)(m+i|)/13t+Msr* ()

where: m - quantity of basic elements ith type in a product}, - quantity of reserve

elements of-th type in a productk. - factor of intensity of operation of a produdt;

- failure rate of one basic elementidgh type; A, - failure rate of one basic element of

i-th type at storage.
To calculate a parameter of sufficiendC-RO following initial data is
necessary.
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1. Ng. - quantity of types of elements on which applimas in EC-RO can
come;
2. On each ofN_. types of elements to set the data card of initsh:

i Nige och Mec 3

where: A, - intensity of a stream of applications for spal@ments oi-th type, acting
in EC-RO from served samples of object or the completezégt i.e. average quantity
of applications for elements oth type in unit of time;Q.. - average time of repair of
one element afth type inRO; n.. - initial quantity of elements afth type inEC-RO.

To calculate value\ . it is necessary to summarizes on all samples jgicoin

the group, intensity of streams of replacementslements oi-th type served to data
RO in object [19]

s
/\iEC = Z/\iKEC ) 4)
K=1

where: S - quantity of samples of objects in groufi;s. - intensity of a stream of

replacements of an elementieh type in To-th the sample of object.
Intensity of a stream of replacements of an elenwdntth type in K-th the

sample of object\f.. is defined as
Nic =kg(MA +|A)+(A-k ) (m+ DA, + nd, (5)
where: m - quantity of basic elements ith type in a productl;, - quantity of reserve
elements of-th type in a productk, - factor of intensity of operation of a produc;
- failure rate of one basic elementigh type; 4,, - failure rate of one basic element of
i-th type at storage.
To calculate value of a parameter of sufficienzgfp following initial data are

required.

1. Ny , - quantity of types of completing elements whazm be demanded for
job RO;

2. On each type of completing elements to set #te dard of initial data:

] N e O Tit Nigi (6)

where:j - number of type of elements under the nomencekaﬂﬁI ; N - intensity of

a stream of applications for elements-tti type, acting inZ_, , i.e. average quantity of
applications for elements gith type in unit of time;a; - the type of strategy of
updating of a stock of elements jeth type of centurnyL. Value a; can accept
values 1, 2, 3. Ala; =1 stock of elements gfth type replenishes periodically. At

Q= 2 updating of a stock of elements jeth type is made with emergency

deliveries, i.e., besides scheduled periodic rastor of a stock, it is supposed also his
off-schedule restoration up to an initial leveltlie element of-th type is required for
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job RO, and the stock of elements jeth type in ZSR'p is empty. Ata = 3 stock of
elements of-th type in ZSR'p replenishes due to repair of the given up elements
specialROs. (distinct from thaRO to which it is given datzisf*ip ); ij - key parameter
of strategy of updating of a stock of elementg-ibf type. At(‘)jRT =1 or(‘)jRT = 2 value
Qs is the period of updating of a stock of elemerftg-th type. At OjRT = 3 value
a is average time of repair of one element-tf type; 7,; - additional parameter
of strategy of updating of a stock of elements.74f = 1 or r; = 3 valuea is
equal to zero. Atr,; = 2 value a; represents average duration of emergency
delivery of elements from an external source ofatpd); ng; - initial quantity of
elements of-th type of centur;Zfip .

For the decision of a problem of calcul:’;\tlczfp following initial data are
required.

1. Ny - quantity of types of completing elements whiem de demanded for

Ri

zZ;,.

2. On each type of spare elements the data canitiaf data is made

i /\jRT 24 O Tiri N (7)

jRI jRI jRI

where: parameter§, A, O s Og , Ty have the same sense, as in the data card
(6), and ij - expenses for 1 element ¢f-th type ZSR'p .
Calculation of a parameter of sufficien@f, is made under the formula

NRO

Z/\jRO Atheo
Ay = (8)
RO /\RO
where: Aty - a parameter of sufficiency of a stock of elersenf j-th type of
centuryZ’, .

Depending on strategy of updating of a stock ofnelets ofj-th type in ZSR'p (i.e.

depending on a preset valag,; =1, 2, 3) the parameter of sufficiency of elemerits
th type in ZSR'p can be certain under following formulas.

1. In case ofa; =1 (when updating of a stock of elementg-tf type in ZSR'p
occurs periodically) the parameter of sufficiensyléefined from expression

1 a o0 o0 a'_
Npobtpo=—€"3 K > - (9)
aj k=1 i:niRO+K+1 I

where:
8, =N o Tiro - (20)
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Calculations under the given formula it is maddal®ws. The size originally
pays off
£ = angO/\RO

, , 11
! 2Ngo (1)
where: £, - the set accuracy of calculation of a parameftsutiiciency.
Under tables of distribution Puasson [18]
e al
F(nay=e®* ) — , 12
(n,a) 27 (12)

Values F(Njgo +2,8;), F(Ngo*+3,3).... until the inequality for the first time
will not be executed are found

. £
F(ngo + K +LaﬂsF%. (13)

In conformity with the found values=(n., +K +1,a), K=1,2, ...K' the
size is defined

1K
Npobtipo =—> KF(npotK,a) . (14)

q; k=

2. In case ofa,; =2 (when updating of a stock of elementsg-tf type in ZSR'p
occurs periodically to emergency deliveries) theap®eter of sufficiency is defined

from expression

T 1+A T,
/\jROAt jRO = (TJRO ) w(n jRO? aj) (%) ' (15)
jRO
where:
a 00 00 a|J
W(Nigo, ;) = € Z TR (16)
K=Li=K (nmo+1) 1*
and

T

aj =A iRO- (17)
To calculate values of the functiom(n,, @;) set by the sum infinite of some

(16), we act as follows. Under tables of distribatiPuasson we define values
F(Nro ¥1,8;), F(2nge+ 2,3 ) ... until first time the inequality will not be exeted

iRO

(18)

RO

F(K' h+ K, a)<-2ro A
NRO
where: &5, - the set accuracy of calculation of a parameftsutiiciency.

On the found value& (K'n+ K’ a) it is defined

w(n, @) =i F(Kh+ K, @) . (19)
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3. In case ofa,; = 3 (when elements g¢fth type in ZSR'p can be repaired) the

parameter of sufficiency of a stock of elementdafned as
K

_a = aj
Apoblo=€" Y (K—anO)E, (20)
E="1R0+1 .
and
a = /\jROT. (22)

JRO "

On the basis of calculations by the given technigqufficiency of quantity of
spare parts by each variant of their formationdi@sel locomotives PE116 has been
certain. These data are resulted in table.

Table 1.The list of spare parts for service TO-2 of diesebcomotives

The nam Unit of measur Quantity
1 2 3

1. Atomizer of a diesel engine un. 4
2. Cover of the viewing hatch - 2
3. The fuel pump of a high pressure - 4
4. Pneumatic screen wiper - 5
5. Regulator of a voltageHT-6 - 2
6. The block of managemebA-520V3 - 1
7. The block of slippin@b-320A - 1
8. The panel of rectifiers -"- 1
9. The force relay - 2
10. The gat®B-1 - 2
11. The gat®B-1111 -"- 2
12. Section of the storage battery - 1
13. The crane of machinist - 1
14. The crane of an auxiliary brake - 2
15. The valve of the compres6r7 - 2
16. The trailer crane -"- 2
17. Trailer sleeve - 4
18. Reducer of a measuring instrument of speed - 1
19. Match for the bearing - 4
20. The platen of brake transfer -"- 12

CONCLUSIONS

Seven basic variants of formation of stocks in viefvtheir updating from
external sources, and also the corresponding relpgsions which are carrying out
restoration of units and details of locomotives @gain. The technique of definition of
sufficiency of the generated variant of a stock chhiconsiders quantitative and
qualitative characteristics of applications fronplace of replacement, intensity of a
stream of replacements of details, the nomenclaitigetails for concrete type of the
locomotive, and also technical equipment of repagenerative bodies is offered. On
the basis of the given technique sufficiency ofregaarts for service of locomotives is
certain.
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ONPEJEJEHUE JOCTATOYHOCTH 3AITACHBIX YACTEM
P CEPBUCHOM OBCJIY KUBAHUH TEINTIJIOBO30OB

Aunexcanap badanun, Cepreit CMeTaHuH

AHHOTanusi. PaccMOTpeHa MeTO[MKA OMpEIENICHHs AOCTATOYHOCTH 3allaCHBIX 4YacTell NpPH CEPBHCHOM
00CTy)KHBaHUH TeIIOBO30B. KitaccuuImpoBaHbl CHUTYallMH W PEIIOKCHBl OCHOBHBIE CTPYKTYPbI
obecredeH s CEPBHCHOTO OOCITY)KMBAHHS 3aIIaCHBIMU YaCTSIMH, KOTOPbIC HAaHOOJICE YacTO HCIONB3YIOTCS Ha
npakTrke. [TpeIoxKeHbl METOBI KOJIMYECTBEHHOTO ONPE/IENCHHUs 3alaCHBIX YacTel MO0 KaXIOH CTPYKType,
KOTOpBIE BKJIIOYAIOT HOMEHKIJIATYPY, WHTCHCHBHOCTb IOTOKA 3asBOK, CPEIHEC BPEMs BOCCTAHOBICHHS, a
TaKXKe OT/C/IbHBIC LECHOBBIC (DaKTOPBI. PaccuMTaHa DOCTATOYHOCTH 3alaCHBIX YacTEH UL CEPBHUCHOTO
TEXHUYECKOTO 00CITyKUBaHHS TeI10Bo30B 2120116.

KurodeBhle c/10Ba: 10CTaTOYHOCTb, 3aIIaCHBIC YaCTH, KOMIUICKT, OOMEHHBII (DOH, MONOITHEHNE, PEMOHTHBIH
OpraH, CepBHUC, CHaOXKEHHUE, CTPYKTYPa, TEILIOBO3..
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SELECTION OF OPTIMAL PARAMETERS DOSATOR WITH
HORIZONTAL DISC ON THE DEGREE OF DEVIATION FACTUAL
LAW DISTRIBUTION OF SEED MAIZE FROM NORMAL

Victor Belodedov, Pavel Nosko, Pavel Fil, Marina Maneva

Volodymyr Dahl East- Ukrainian National Universityugansk, Ukraine
Lugansk National Agrarian University

Summary. Results of multifactorial experiments by rotataplanning matrix for three factors: height and
diameter of seed tube, rotary speed of seed déskrasented. Experiment results were analyzed diocpro
generally accepted methods. Adequate model wasseecdnfluence of each factor on degree of dewrati
factual law distribution of seed maize from norraadl optimal value of each factor were determined.

Key words: degree of deviation factual law distribution of demaize from normal, influence of factors,
optimization.

INTRODUCTION

Degree the deviation factual law distribution okdefrom normal, including
exponents asymmetry A and excess E, directly infltas on uniformity of distribution
of seeds placing in a row [1, 5-20]. It is the majeserve of increasing of productivity
grain and row-crop cultures by creation of condisidor the fullest using by plants of
nutrients, moisture, warmth and sunlight. For rowapccultures, except decreasing of
productivity, non- uniformity of seeding leads thasp increasing of “superfluous”
plants. The aspiration to provide necessary dendiplants become causes application
of the increased norms of seeding, that leads ¢oother-expenditure of a sowing
material.

OBJECTS AND PROBLEMS

The degree of deviation factual law distribution sded from normal was
calculated on the formula [4]:

y= f(AE), (1)
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where: A=ZN:(>g —3()3 /(ND“); E =ZN:(>g —?()4 /(NDZ) — exponents of asymmetry
1 1

and excess accordinglyjl. — totality accidental valuesx (current importance of
intervals between seed on the row]) — displace dispersion of intervals

(D =0? =ZN:(Xi —3()2 IN); ;<=u1 — middle importance>_(=u1 =ZN:>g /IN).
1 1

When A= E =0 statistical curve p(x) coinside with normal distribution; when
A >0 to stretch out [4] right-hand lot; wherA, <O — to stretch out left-hand lot;
when E>0 peak of statistical curvep(x) more sharp than by curvp(x) normal
distribution; when E <0 curve p(x) statistical distribution more slightly. When
A >0 curve of distribution slope left-handwa< v, (v, — mathematical expectation
of intervals, whenA=0) andu, =o /v, >V, (V, — coefficient variation of intervals,

when o=V, and o (standard) — constant); wherA <0, conversely,
v, =0/ v, <V,. From here it is possible with drowal, that sumsalbte values
|A+|-E| correspond increasing/ = o/ v,, and sum |- A +|E| — his decreasing;

with register of exposition, when in the experimesats observed:

1. A>0, E>0, thaty=|A-E|; 2. A<O, E<O,thaty:||E|—|A{|;
3. A>0, E<0,thaty=A+|E|; 4. A<0, E>0, thaty=1/(A+E). @)

In the capacity of apparatus with a horizontal dise sowing of a seeder of
CKHK-type, which is installed on a special framelwvawver a ribbon of the stand of a
generally accepted construction was used. Threerfawere variedxl(D) — diameter

of a seed tubexz(h) — seed tube altitudex3(v0) — peripheral velocity of twirl of a
seed disc.
Factors xl(D) and xz(h) were set by of round metal tubes and the factor

x3(v0) — change of a reduction ratio of the mechanisnthef drive (replaceable

starlets). Levels of factors varied according tontcd composition rotatable
uniforms — planning of the second order for thragtdrs [2].

Speed of driving of a ribbon of the stand was fixaud equal 2 m/s. The
calculated intervals between seeds at speed0,275 m/s was equated 200,0 mm;

seeds of corn of “Dneprovskaya-247” sort of the thifraction by the SKV-153B seed
disc were seeded; of 1,0 mm were used an inseritignby thickness. Intervals of a
variation of the factors, chosen a condition ofhtemlogical working capacity of a
dosator, are presented in tab.1.

Experimental data were treated accordingly with tbertain methods,
recommended for rotatable planning; Kohren criteijcharacterizing homogeneous of
variances), Student criterion (causing the sigaifae of regression coefficients) and
Fisher criterion (pointing out on the adequacy ofdel) were thus defined; the adequate
regression model of the second order with variablea code designation is a result
view:

y =D, +bx, + b, xx +b,X;, 3)
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where: b, =10537; b, =0]1215; b, =-0,2062; b,, =113309.

Table 1.Intervals of a variation of the factors Xl(D) , Xz(h) and xg(vo)
for SKNK-type seeder dosator

Factors
Characteristics x(D), [x(h), %(v, ),
mm mm m/s

The basic levelx, =0 60,0 350,0 0,275
The interval of variation,J 23,8 59,5 0,134
The upper levelx, =1 83,8 409,5 0,409
The lower level,x =-1 36,2 290,5 0,141
The upper star pointy, =1,682 100,0 460,0 0,5
The lower star pointx = —1,682 20,0 250,0 0,05

Influence of each factor separately on responsetifumwas defined at levels of
other factors, equal 0 anti,682. The equation (3) takes a view:

when x, =x, =-1682: y,, =1,2281+0,3468« ,

when x, =x, =0: y,, =10537,

when x, =x, =1682: y,, =16369-0,3468,

when x =x, =-1682: Y,, =0,266+0,1339%,

when x, =x, =0: y,, =10537+0133%?,

when x, =X, =1682: y,, =0,6748+01339%,

when x, =x, =-1682: y,, =14325+0,4683,,

whenx =x,=0: y,, =10537+ 01215,

when x, =x, =1682: y,, =14325-0,225%, . (4)
Values of functiony,, —y,, according (4) are computed on the poins=0;

+1; +1,682; calculation data are presented in tab.2.

Table 2.The sequence of functionsy,, — Y., calculation

X | X |0.3468|y11=1,2281+(3)y: =1,0537y: 5=1,6369-(3]0,1339X’ |y, =0,266+(7

1 2 3 4 5 6 7 8
-1,6822,829 | -0,5833 0,6448 1,05371 2,22 0,3788 4864
-1,0 |1,0 |-0,3468 0,8813 1,0537 1,9837 0,1339 0,3999
0 0 0 1,2281 1,0537 1,6369 0 0,266

10 |10 0,3468 1,5749 1,0537 1,29 0,1339 ,39®®

1,682/2,829| 0,5833 1,8114 1,0537 1,0536 0,3788 0,6448
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Continuation of table 2

y2,2=1,0537+ y2A3:0,6748+ y3A1:l,4325+ y3,2=1,0537+ y3,3=1,4325
+(7) +(7) 0,468%; +(11) 0,121%; +(13) 0,2253x%3 -(15)
9 10 11 12 13 14 15 16

1,4325 1,0536 | -0,787Y 0,6448| -0,2044 0,8493 -0,879,8115
1,1876 0,8087 | -0,4683 0,9642| -0,1215 0,9322 -0,4258,6578

1,0537 0,6748 | O 1,4325| 0 1,0537 0 1,4325
1,1876 0,8087 | 0,4683 1,9008| 0,1215 1,1752 0,2P53 2072,
1,4325 1,0536 | 0,7877 2,22 0,2044 1,258]L 0,379 5,053

According to the tab.2 is built a graphs, presemtedhe fig.1. From tab.2 and
fig.1 is visible, that at levels of other factoqual x, = x, = x, =1682, the response

diminishes when factor , X, increases (the liney,,,y,,), and the functiony grow
up when x,x, increases (in casg =X, = x, = -1682; lines vy,,,y.,); the degree of
deviation isn't depend fronx, (if x, =x, =0); and it equaly,, =1,0537.
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Fig.1. The graph of functiony, , - y,, (the degree of deviation factual law distribution
of seed maize from normal)

From the factorsx, the response is depend curvilinely (lingg - vy,.) with the
minimum of importance whex, =0.

Optimization of the parameters the dosator withizomtal disc
on the degree of deviation.
Minimum of function y observes in experimenl9 of matrix planning:

Yon = 051; x, =X, =X, =0.; Make a matrix for calculation of minimum impantz of
the response functiog by quantization of independent variables (tad23)3].
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Table 3.Calculation of responseY,, minimum

N‘_’N‘_’ bO Xl X2 X3 b3 b13 b22 y
1,0537 0,1215 | -0,2062| 0,1339
1 2 3 4 5 6 7 8 9 10
1 i 1 0 0 0 0,51
2 i 1,682 0 -1,682
3 hx |1,0537 0 0 -0,2044| -0,5833 0 0,266
4 X 1 1 -1 -1
5 hx |1,0537 -0,1215| -0,2067 10,1339 0,8599

The tab. 3 is constructed as follows: in the lefumn independent argumenks
and their products on regress coefficiehtsare located; in heading — coefficients of

regress and their numerical importance. In lineofditions of expense (that is to say
importance of factorsx,) and minimum importance of function respongefrom a

planning matrix are represented; further in everdiimportance of arguments are
represented, and in odd — their products on apjatepcoefficients of regress. In the
right extreme column importance of functign foretell by the equation of regress, are

placed. From it is visible, thay, , = 0,266, that is to say by the coordinates of a special
point S factorial space take conditions of line 2 of tab.3
y. =0,266; X, = x,, = -1682, x,, =0. (5)
The corner of turn coordinate axes [2, 3]:
tg2a="h,/(h, —h,,)=-02062/ (0-0) = —; 2a =arctg(-)=-90; a =-45 (6)
The coefficients of regress in initial form areded on the formulas:
B, =h,cos @ +h,cosa sina + b, sin? a = -0,2062{0,707f =0103%
B,, =b,cos a b, cosa sina +h,, cos a =-0,2062{0,707 =-01031  (7)
The initial form haves view [2, 3]:
Y -0,266=0,1031X/ -01031X 2, (8)
from here:

X, =X =(Y-0,266/0103]. (9)
The coordinates of the new centd—l,68]; —1,682); as signs of coefficients
B,,B,, are different @,=0103%1 B,, =-01031), then lines of an equal exit —

hyperboles, and surface of response is the hygerpatabolic [2, 3]. Coordinates of
hyperbolic were determined according (9) by an exit
y= 05 Q25 0; — Q05 - 0L - 025 —15 (tab. 4).
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Table 4.The sequence of calculation coordinates lines of e exit for function Y

y=0,5 |x@) | X |%@)| y=025 | xs*) y=0 Xa(%)

1 2 3 4 5 6 7 8
1,682] 2,829] 0,75 1,687 2,33

S=(05- [ 1,0] 1,0 - | s=(0,25- | 1,0| S=(0-0,266)/0,1031= 1,8¢
-0,266)=0,234 0,5 | 0,25| - |-0,266)=0,016 0,516 =-2,58 1,68
0,25] 0,062% - 0,28 1,63

0 0 - 0,126 1,6

y=-0,05 | x3() y=-0,1 X3(£) y=-0,25 X3(£) y=-0,5 Xa(%)
9 10 11 12 13 14 15 16
S=(-0,05-] 2,43 2,53 2,80 3,20
-0,266)/ | 2,02 | S=(-0,1- | 2,13 | S=(0,25- 2,45| S=(-05- 2,90
/0,1031=| 1,89 | -0,266)/ 1,95 | -0,266)/ 2,30| -0,266)/ 2.77
-3,065 1,82 /0,1031=- 1,90 | /0,1031=- 2,25| /0,1031=- 2,74
1,75 3,55 1,88 5,005 2,24 7,43 2,73

In old system of coordinategox, (fig. 2) the square with the sid2[1682 is
construction and the new cent®1,682;-1,682) is mark with axeX,X,, which are

turned on a cornerr =-45 to (6). According to fig. 2; the respon&e diminished
which coordinates, increases.

CONCLUSIONS

1. The degree of deviation factual law distributiohseed from normal was
calculated on the formula [4]:

y= f(AE), (1)
where: AZEN:()Q —?()3 /(ND“); E=ZN:()g —?()4 /(NDZ) — exponents of asymmetry

and excess accordinglyjl. — totality accidental valuesx (current importance of

intervals between seed on the row]) — displace dispersion of intervals
N — —_ —_ N

(D=0 =Z()9 - x)Z IN); x=u, — middle importanceX=v, =Y x /N).

1 1

When in the experiment was observed:
1. A>0, E>0, thaty=|A-FE|; 2. A<0, E<O, thaty=||E|—|A{|,

3. A>0, E<0,thaty=A+|E|;4- A<O, E>0,thaty=1/0A{+E).

Experimental data were treated accordingly with thethods of rotatable

planning; the adequate regression model of secaddr owith variables in a code
designation is a result view:

y =D, +bx, + b, xx +b,X;, )
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where: b, =10537; b, =01215; b, =-0,2062; b,, =11339; x,X, — diameter and
altitude of a seed tube, — peripheral velocity of twirl of a seed disc.

X3 kY

1682

8. -168)

-1682

Fig.2. The two-dimensional sections of functi(the degree of deviation)
in "almost stationary area" along factoxs,x,, when x, =0
(lines of a equal exit — hyperboles are shown)

2. Influence of each factor on the degree of deiatvas defined at levels of
other factors, equall,682 and O; it is presented in tab.2 and in figrtbm them it is
visible, that at levels of other factors, equal=x, =x, =1682 the response is
diminishes when factorx,,x, increases (the liney,,,y,,), and the functiony grow
up when x,x, increases (in casg =X, = x, =—-1682; lines vy,,,y.,); the degree of
deviation isn’t depend fronx, (if x, =x, =0); and it equaly,, =10537. From the
factor x, the response is depend curvilinely (lings, —y,,) with the minimum of
importance, wherx, =0.

3. Coordinates of special point factorial spaceendgtermined by quantization
of the independent variables (tab.3); from it Misjlihat y . = 0,266, that is to say by
the coordinates of the special pofdtfactorial space take conditions of line 2 of tab.

y. =0.266; x_ =x, =-1682 x, =0. (5)

The two — dimensional sections of functi¥n necessary for research of "almost

stationar area”, was carried out at factersx, with using of model (3). Coordinates of

lines equal exit (tab.4) were defined from iniiafm (9), they are presented on fig.2.
According to fig.2 the response diminished whenrdioate X, increases.
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BbIBOP OIITUMAJIBHBIX TAPAMETPOB JO3ATOPA C

I'OPU30OHTAJIbBHBIM JJUCKOM ITIO CTENNEHU OTKJIOHEHUS ®PAKTUYECKOI'O

3AKOHA PACHHPEAEJIEHUS CEMSAH KYKYPY3bl OT HOPMAJIBHOI'O

Buxrop besonenos, Ilasea Hocko, ITaBesa ®uab, Mapuna Ma3HeBa

AHHOTALUS. HpeI[CTaBJ'ICHLI peE3yIbTaThI MHOFOq)aKTOPHOFO OKCIIEPUMCHTA, IMOCTAaBJICHHOI'O I1I0 MaTpHULC
pOTaTaGeJILHOFO TUTAHAPOBAHUA UIA TPEX (baKTOpOB: BBICOTHI U IMAMETPa CEMAINPOBOAA, a TAKIKE CKOPOCTHU
BpalllcHUs BBICCBAIOLICTIO AMCKA. PC3yJ'II>TaTBI SKCIIEPUMEHTOB OﬁpaﬁoTaHBI B COOTBETCTBHH C METOIHMKOH,
xapaKTepHoﬁ pruse:e pOTaTaGCJ'IBHOFO TUTaHUPOBaAHMUS, MOJTyY€HA aACKBaTHAsA MaTEMAaTHYCCKass MOICJIb IIpoLecca,
110 KOTOpOﬁ YCTaHOBJICHO BJIUSTHUC d)aKTOpOB 1 ONITUMAJIBHBIC YCIIOBUS BBICCBA.

Ki1roueBble cj10Ba: CTENEHb OTKIOHEHHS (HaKTUUECKOTO 3aKOHA PACIpPEACNICHUS] OT HOPMAIBHOTO, BIUSHUE
(hakTOpOB, ONTUMH3ALHS.



TEKA Kom. Mot. i Energ. Roln. — OL PAN, 2011, 11A, 29-37

DESIGN TECHNIQUE OF THE PNEUMOTRANSPORT
CRITICAL REGIME AT MINOR DIFFERENTIAL PRESSURE

Michail Chaltzev

Automobile Transport and Highway Engineering Ingétof Donetsk National
Technical University

Summary. The design technique parameters of the pneumeiansritical regime at minor differential
pressure is worked out. The design techniqueustithted.

Key words: pneumatic transport, bulk materials, industriapnetransport systems

INTRODUCTION

Solid dispersed materials pumping through pipelibgsmeans of air flow is
widely used in all fields of industry. But the wdility and the effectiveness of the
pneumotransport installation work depends generafiythe design data of the main
pneumotransporting parameters chosen at the imstalldesign stage. One of the main
pneumotransport parameters is the critical velogitthe air flow. At this velocity solid
particles fallout on the bottom of the horizont@e wall starts, that is at which the
pipeline blockage begins. It is evident that théiabde design technique of the
pneumotransport installation critical regime is essary for the insurance of the stable
work.

Many design functions for the definition of the pn®otransporting critical
velocity have been known by present time [1 — Bit they are of empirical character
and the fields of their application are limited thye experiment conditions. Limitation
and in some cases prohibitive low accuracy degfethase functions do not always
meet modern requirements of the industrial pneuansport system design.

RESEARCH OBJECT

In this article a theoretically well-grounded andmnreliable design technique of
the pneumotransportation critical velocity is watlaut.
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RESULTS OF EXPERIMENTAL RESEARCH

The task is to define the mass flow r&g, « and the medium velocity,, « of

the air flow corresponding to the pneumotranspgrtintical regime for the designed
mass flow rateGg, density pg and medium grain sizelg of the solid material

particles, diameter sectio® and the relative equivalent roughned¢D of the
pipeline. Moreover the question is about pneumapart at minor differential pressure
when air compressibility may be neglected and iensity may be considered
unchangeable along the pipeline.
In case of the stable and continuous pneumotratisgaegime the conditions of
mass flow rate of solid material and air are cdrgat:
PsSVsF= Gg, @)

ow (1-5) %y F= Gy, ()

where: S is a medium by pipe cross section volumetrical cemtration of solid
particles; py, is air density;Vg and 4, are medium real velocities of solid particles

and air movement;F is the area of the pipe cross section. By definitthe real
velocities ofVg andV, are:

-
Vs = SE’ 3
Mw :W’ (4)

where: Qg and Q,, are volumetrical flow rate of the solid materiadaair. If this flow
rate refers to the whole area then the medium velocitiéss and U,,, of the solid
particles and gas are:

Q
Us=+" 5)
Uy =2, ©
comparing (3) and (4) with the corresponding exgitess (5) and (6) we get
Ug =SVs, (7)
U = (1) - (8)

As Qg +Qy = Q, where Q is a volumetrical flow rate of air and particléise
expressions (5) and (6) may be written as follows:

Us=3U, (9)

Uw =(1-$,) U, (10)
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Q

where: §, =% is a flow rate volumetrical concentration of sqgtidrticles;U =— is

a medium velocity of air and solid particles mixtumovement. Having excluded (9)
and (10) from the equalities the velocltly we get:

Ug=—P Uy, 11
sTimg W (11)
In view of equalities (7) and (11) the formula takbe form:

pS % UWF:GS'

=%
Hence we get:
1_
psF S

Formula (12) is competent for the medium air velesU,, 2Uyy ¢, that's why
in case of the critical pneumotransporting regitrtakes the form:

UWy K — J— ’ (13)

where: S, is a flow rate volumetrical concentration of sopdrticles in critical
pneumotransport regime.

Thus to define the meanings of the critical velpdity, ( by formula (13) it is
necessary to know the quantitg,x that depends on the concentrati® and

characteristics of the solid material. In case afandifferential pressure when the air

may be considered as incompressible medium airdignaracesses at pneumotransport
should be qualitatively similar to the hydrodynamiocesses at hydrotransport [14 —
16]. That's why to define the quantit§, x we use the formula obtained as a part of the

pipeline hydrotransport study [17]. It takes thenfo

Sk = [1—¢( Ré)[l—i]m]. 14)

' S
o(R&) =0, 45[ 1+ signfmtr( 0,967 10'6” , (15)
f =IgRé& -0,88. (16)

Here S is a medium volumetrical concentration correspogdo the critical
regime; S, is the maximum possible concentration of the sphditicles; signf is a

sign of quantity f ; R&; =WS—dS is Reynold’s number for solid particles, whéhg is

n
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a falling free velocity of an isolated solid paltiavith the dg diameter in the stationary
air; vg is the kinematic viscosity of air.

It should be noted that the formulas (14) - (1&) mot empirical as they represent
results approximation of the numerical design & flow rate concentration based on
the theoretical research of the fields with avedagencentrations and velocities in
turbulent suspended flows. This formula is testadvarious experimental material as
for the measurement of the flow rate concentragind is characterized by a rather high
degree of reliability.

As (14) consists of concentratid® , the quantity of which is unknown, the set
of simultaneous equations (13) and (14) makes jiossible to determine the velocity
Uw,k as there are two equations and three unknown ijearitly, x, S,k and S .

Thus, for closure of a set of equations (13) ard) (tLis necessary to form one more
equation connecting the velocily,,  with the parameters defining it. For this we

proceed from the following considerations.
Let's add the quotations (9) and (10) togetherwadhall have:

Ug+Uy =U,
or
Being substituted in (17) insteadl; the quantityG—T: takes the form:
Ps
Uy =U -5 (18)
Psk

As the formula (18) is competent for the velocitigg >U,y, x andU >U the

following equation is fulfilled in the critical rége of pneumotransportation:
G
U,k =U ——=, (19)
' psF

where:Uy is a critical air and solid particles mixture veity of motion. To define the
quantity U, we use the technique worked out for hydrotranspaving adapted it to
pneumotransport conditions. The above mentionetyaaschniqueUy is grounded
enough and connects the quantity with the flow characteristics, solid particles and

the pipeline. It takes into account, in particulaneven character of solid particles
distribution in depth of flow and the main asymmetf high velocity field typical for
the critical regime of transporting. The equatiod the critical regime of
hydrotransporting [3] thus obtained takes the form:

Pok o Ak DUp% :KO(AS ~1)BSpmhk
Pw (1-ay)wk 29D 1+ay

, (20)
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where: pg  is the mixture density at the upper horizontakpiyall; oy is a parameter

of the axial asymmetry of the velocity field defthas the quantity ratid\, , that is the
distance from the kinematic axle of the flow to gextric axle of the pipe, to diameter
D of this pipe; Ax is a coefficient of the hydraulic friction at thmotion of the
medium carrier in the pipe having the diamet@r(l—sK); Wy Iis a parameter

representing a maximum average velocity ratio e riedium carrier to the maximum
average velocity in the medium carrier and solidtipi@s mixture flow at the equal
average velocities of the flows(, is a coefficient of the solid material frictioridihg;

Ag = p%/v is the solid particles density and medium carmréio; 3 is a coefficient

of dilatation ; he is the ratio of highly concentrated ground layérsolid particles

thickness to the pipe diametér.
As pneumotransport is usually characterized by muambumelric concentrations
and great Reynold’s numbers at which coefficienbydrolic friction refers to the field

of quadric resistance, let's assume tlg&ﬁzl, wyx =1 and Ay depends only from

the relative roughness of the inner pipe wall with:

A

A =—W (21)

0,25
(1-ak)

where: Ay is a coefficient of the hydraulic friction at tlaér motion in the pipe oD

diameter set either experimentally or by Shifrinsdarmula:

S 0,25
)\K :O,l(Bj .

It is assumed then that quantity for minor volumerical concentrations may be
expressed as:

he =
K - .
BSn
In view of above mentioned assumptions equatio {@es a simplified form:
Ak DUI% _ Ko(As-1)Sk

l1-ax 29D I+og

Hence it appears:

uKng_Dg\/ZKO(A)\S_l)SK 3% (22)
K

1+ag

Substituting in (19) insteadJy its expression (22) the formula of critical
velocity Uy, ¢ found:
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2K, (As ~1) Sk 3-9 _ Gs
U =,gDb - . 23
WK =9 R/ A 1ra, poF (23)

Parameter i incoming in (23) is defined according to the exgsien [3]:

ay =2,44 Frs 0,25+ 0,24 s i 0,71 S , (24)
As_l As_l Sm

2
where: Frg =WTS is the Frud number for the solid material particle
gds
Thus the equation closing the set of equations &h8l) (14) is obtained. That's
why the solution of the closed system of three gqoa (13), (14), and (23) makes it
possible to define three parametéfg, «, Sk and S that characterize the critical

regime of the pneumotransport. This is what ciitieggime design technique of the
pneumotransport means.
The solution of the above mentioned equation sys$er@alized graphically. For

this purpose in view the values of concentratianmesentedSy ),, (S¢ ), ... and the

corresponding values of the flow rate concentra(ngk )1, (SpK )2 are defined by the
formula (14) ..., then the veIocitiéleW‘K)l, (UW,K)2 are determined in line with the
formula (13). According to the obtained valué@W’K)l, (UW'K)2 ... the graph
function Uy, « =@ (Sk) is formed.

Then for presenting the values concentratiof§ ), (Sx), the values

(UW’K)l, (UW'K)2 are found by formula (23), ... then the graph of thaction

Uw.k =@ (Sk) - The abscissa of the intersection of curgebS, ) and @, (S¢) gives
the unknown value of concentratid®, and the ordinate — the critical velocity value
Uw k- According to the velocity valueUy x the mass air flow rate
Gy, k =PwU, F is defined. It is necessary for the pumping ovethefsolid material

with the given mass flow rat&g along the pipeline withD diameter in the critical

pneumotransporting regime.
As an example experimental curves of specific difféial pressure dependence

A% from the average velocity air motids,, borrowed from [2] are shown. In these
experiments the pipe diamet& =0,1 m, the average grain size of solid particles is
ds =5, the densitypg =595 kg/nT.

The curves 1, 2 and 3 correspond to mass flow Gafeequal to 0,228 and 380
kg/h. The straight line crossing the curves 2 armb@esponds the critical regimes of
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pneumotransporting. According to these deltg « =11,7 m/sec for Gg =228 kg/h
andUyy, ¢ =15 m/sec forGg = 380kg/h.

ab/L

DFlé _

% PRV
%0 3 fa L o
20 pAan4vis
60 S‘M )// // 4/
50 — //o//(

40 A A1

30 v

20 \\Z*//

10

0 L——//

0 5 D B 20 25 30 3B Uw, &/A
Fig. 1. Experimental curve de_bé'ndence of the qtyadp / L from the velocityy,

borrowed from [2]: 1-Gg =0, 2 - Gg = 228 kg/h, 3 -Gg =380 kg/h

Uw,k
m/c

2 W\

/
[\

o 2 4 6 8 1 107
Fig. 2. To the critical regime design: ip; (S ) at Gg = 228 kg/h
2- ¢ (S¢) at Gg =3800 kg/h
3-¢(S)
The critical regime design technique is done focheaf mass flow rate
Gg =228 kg/h andGg =380 kg/h. And hereWg =5,1 m/sec,K, =0,3, Ay =0,01,
pw =1,2 kg/nt, Uy, =0,1501¢ m¥sec is taken into account. Calculation of function
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@ (Sk) and @,(S¢) is carried out for the valueSy , equal to 0,004; 0,006; 0,008;
0,01. The graphs of these functions are given ¢n Ei The curves 1 and 2 refer to the
function @ (S¢ ) at Gg =228 kg/h andGg =380 kg/h accordingly and the curve 3 to

the function @, (S¢). The calculated value§ and Uy,  are determined by the
curves intersectionsp and @,. As a resultS¢ =0,007, Uy, ¢ =12,2 misec, for

Gg =228 kg/h andS¢ =0,0093, U,y « =14 m/sec., forGg =380 kg/h are obtained
(fig.1,2).

CONCLUSION

The calculated values of the critical velocitiesagiically coincide with the
experimental ones. It may testify to the reliapildf the developed critical regime
design technique of the pneumotransporting. Now ghhkition is to approve this
technique on the extensive experimental material.
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METOAUKA PACUETA KPUTHYECKOI'O PEXKUMA TIHEBMOTPAHCIIOPTA
TP MAJIBIX HEPEITATAX JTABJIEHUSI

Muxana Yanbuen

AHHOTaIHS. Paspaborana METOJIHKA pacuera IapaMeTpoB KPHTHIECKOTO pexuma
MTHEBMOTPAHCIIOPTHPOBAHHS IIPU HEOOIBIINX Mepenaiax JaBieHus. [Ipusenen npumep pacuera.

KnroueBsie croBa: ITHEBMOTPAHCHIOPT, CbhIIYYHUE MaTE€puajbl, MIPOMBINUICHHBIE ITHECBMOTPAHCIIOPTHBIC
CHUCTEMBI
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CYCLONE WITH SHUTTERS LATTICE MODELLING

Dmitry Dmitrienko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The performance of a new cyclone dust catchervssiigated using RANS-based single-phase
computational fluid dynamics (CFD). The pressui@pdacross the cyclone dust catcher chamber isqteedi
Possibility of further improvement of diesel engaierefinement processes by cyclone using is efférere.

Keywords: dust catcher, air refinement, cyclone separatottesh lattice.

INTRODUCTION

In reliability of transport engines and other maas the important role is played
by refinement of ingoing air [Woschni 1987, Johns#92, Painter 1992, Dzetsina
2010]. Due to that, the important problem is thevedepment of effective dust-
separating apparatuses for air systems of new esdfbackey 1982, Povarkov 1999,
Volodin 2002].

Mechanical dust catchers are apparatuses with tgtawial, inertial and
centrifugal mechanisms of precipitation. Centrifuggpe of separators consists of
single, group and battery cyclone separators, xa@me dynamic dust catchers.

Their basic advantages comparing to other gasesemsént apparatuses are
trapping of dust in a dry aspect, absence of mopants, reliable activity in broad range
of temperatures and pressures, stability of a ffaetion, manufacturing and repair
simplicity. Thus, they are widely used in air sysgeof internal-combustion engines,
cooling systems of traction motors, in ventilatemd compressor systems and in other
engineering devices of railway transport due tdrth@anufacturing and maintenance
simplicity [Getzov 1999V olodin 2002].

General weaknesses of cyclone separators are eoaisid pressure loss (1,2-1,5
kPa) and low effectiveness with dust particles sizlwwes microns, that's why they are
usually used for first stage air refining.

The recent researches in this field of science lievahe development of
centrifugal dust catchers that provide sufficierffeeiveness at precipitation of
superfine dust particles in conditions when othgres of dust catchers cannot be
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applied. Therefore, despite the peculiarities gflieaation marked above, researches in
the field of a centrifugal dust separation remaitual.

OBJECTS AND PROBLEMS

The dust separation effectiveness in centrifugaé tgpparatuses can be achieved
by some improvements of classical cyclones: amsifieation of a gas stream twisting
at the apparatus input, decrease of secondarydf@dust, the organization of efficient
unloading of the dust, parallel use of other mems of precipitation of suspended
particles [Boysan 1983, Fraser 1997]. However, emieffectiveness is usually attained
by increase of power and capital outlays, compbecatof design, increase of
manufacturing and operation cost and can causeaserof reliability. Therefore, the
importance of technical service and control equipineé such apparatuses increases.

Many recent works are devoted to creation of nest demoval devices with two
or more principles of action in separation proce$sdust and gas mixture. The
apparatus investigated in [Hoekstra 1999] has mdtal body with a scroll type of
inlet to introduce the fluid tangentially. At thade of the cyclone, a sudden reduction
of the cross-sectional area occurs owing to theguree of a vortex stabilizer that also
serves to reduce re-entrainment of particles frtwm ¢ollection hopper. The air is
exhausted through the exit pipe, or vortex undetheatop of the cyclone.

In [Batluk 2005] principally new vortex dust catchwith shutter lattice is
investigated. It is capable to effective separatibparticles with pressure loss 1,5 times
lower than conventional cyclones and also hasifin&st smaller overall dimensions. In
that direction it is necessary to improve such cesji so they would be able to decrease
the discharge of fine-dispersed particles in tetihgioal processes.

In [Kutz 2005] hydraulic resistance of step-by-ssefid phase extraction cyclone
is estimated. The apparatus combines classicabiegchnd shutter lattice. It improves
effectiveness with decrease of particles conceaatratear housing walls, therefore, by
way of gas stream suction of particles possibitiiyimization.

In [Syomin 2010] vortex executive devices applicatifor regulation fluid
streams in processes with hard working conditidrts® equipment is analysed. On the
example of industrial application with hydraulicctgnes the possibility of improving
both technological and power parameters of sucbgsses is approved.

A good understanding of the fluid dynamics is regdi to make further
improvements to cyclone dust catcher designs. Wanildytical techniques do not allow
changes in geometry to be readily assessed, cotign#h fluid dynamics (CFD)
models based on Reynolds-average Navier-Stokes GYANovide an economical
means of understanding the complex fluid dynamia$ laow it can be influenced by
changes in design and operating conditions. Stlidation of results is required to
establish confidence in the predictions.

A review of related papers revealed few researcheslving simulation of
cyclone dust catchers, but significant advance® hmen made in simulating cyclone
separators. [Boysan 1983] who was early users ®fGRD technology, applied the
algebraic stress model (ASM) to simulations of alaye separator. Later [Zhou 1990,
Hoekstra 1999, Modigell 2000] applied CFD to thimkdem with varying success.
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Nevertheless, their works dealt only with two-dirsemal prediction of the single-
phase flow in the cyclones and treated the floWd féees axisymmetric and steady.

Numerical simulations in three-dimensions are nemgsto perform in order to
get more details of the complicated flow field yclone devices. Following researchers
dealt with numerical simulations of cyclone separatin three-dimensions: [Griffiths
1996, Witt 1999, Zhao 1999, Montavon 2000, YosH@81, Derksen 2003, Schimdt
2003, Wang 2003]. They all tested several turbidemodels: algebraic stress model
[11], standard ke [Witt 1999, Montavon 2000, Yoshida 2001], RNGe KGriffiths
1996], and a Reynolds stress model [Witt 1999, W20@3]. The conclusion of these
studies is that CFD still cannot produce a veryeate description of the flow field due
to difficulties in modeling the swirling flow. Theressure drop obtained experimentally
was larger than the calculated one by 60%, 15%,1&%d for standard k-[Yoshida
2001], RNG ke [Griffiths 1996], and Reynolds stress model [Wa083], respectively.
So pressure drop calculated results agree moderaédll with the experimental data.

To predict the unsteady, spiral shape and vortes cbaracteristics of a cyclone
separator, large eddy simulation (LES) was usedi&m 2003, Schimdt 2003]. Both
in terms of the average velocity and in terms dbeity fluctuations, good agreement
with experimental data was obtained. The advantdigkee LES approach as compared
with the RANS was illustrated but computationaltdosreased greatly.

The objective of this paper is to present predidtiof the gas-phase flow field
and pressure drop through a cyclone dust catclieg BRANS based CFD. A model
developed is run for three-dimensional single-phgas flow in the cyclone dust
catcher. Simulation parameters such as mesh tyg®ylence model, and level of mesh
resolution are tested to find the best combinat@rflows of this type. The effects of
orifice diameter and chamber height on the presduwp are investigated. This is the
first stage in the development of a computation&thod for cyclone dust catcher
design.

In shutters lattice cyclone, centrifugal and shuthest catchers mechanisms are
united, gas flow is treated as superposition of flews: flat outflow and flat vortex.
Therefore, it is convenient to divide the computadl geometry into zones, in which
trajectories of particles with different sizes defined. In addition, the end of previous
area trajectory will be used at initial conditiogetting for calculation of the following
trajectory.

Unlike most calculation models of centrifugal-inaktdust catchers with shutter
air outlet or shutter-vortex separators, the essefctep-by-step solid phase extraction
cyclone separation effectiveness estimation ishecking that centrifugal force is equal
to suction force of radial outflow. This is the sad condition and the conception is that
balanced particles are turning rotating in theimtary orbit and have the equal
possibility to be drained through the clean gasetyipe or to be separated.

In step-by-step solid phase extraction cycloneptuticles moving in gas stream
to clean gas outlet are reflected with certain ity by shutters lattice. So some of
them are also separated with shutter principle fgam stream. Therefore, another way
of cyclone performance improvement is connectedi tié shutters lattice design.

The geometry of the cyclone dust catcher used far initial numerical
investigation is shown in fig. 1, It is charactedzby the principal diameter D, and the
geometric ratios detailed in [Kutz 2005].
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The diameter of the model cyclone dust catcheedes 400 mm. Automatic
initial conditions were set up with the and a regdiminimum RMS residual level of
10°. For standard k-turbulence model, the tangential velocity was wrtedicted at
both measurement planes when using the upwindrelifténg scheme.

b)

Fig. 1 The geometry of the cyclone dust catcheafa) computational mesh (b)

The sharp gradient of axial velocity near the cgel@rifice cannot be captured
due to the diffusive nature of this differencindieme. The results below (fig. 2) show
the results obtained using the upwind differenciolgeme.

The results obtained with the high resolution agxbad order accurate advection
schemes significantly improve the predicted tanigéaind axial velocity profiles. The
second order accurate advection scheme clearl givech better agreement than the
other differencing schemes for both the magnitual @osition of the maximum axial
and tangential velocity. The pressure drop of theventional cyclone dust catcher in
conical part of cyclone is much higher than fopsig-step extraction type. Therefore,
the reverse flow for the later cyclones is reduckd. predict the behavior of solid
particles of dust present in gas, the modelindheirtmotion is done (fig.3).

As can be seen from fig.3, most solid particlesrdethe cyclone in first and
second stage outlets and the rest keep moving dlmaveand nozzle. Still some of them
can reach the clean gas outlet.

The application of investigated cyclone at firstgg air refining of air system for
transport engine of diesel locomotive leads todéase of air refinement level with
moderate hydraulic loss, capital and maintenansesco
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Fig. 2 The pressure drop three-dimensional pldbhefconventional cyclone dust catcher (a)
and for step-by-step extraction (b)

Fig.3 Trajectories of solid particles movement

Anyway, cyclone separator effectiveness changesadtble gas charge and
irregular gas streams. This fault should be comgtedswith using of battery separators,
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with the gas stream distributed between parall@langes united in one system. In
addition, it is necessary to use automation devicethe support of nominal operation
parameters, taking into account changes of theongckeparator characteristics at gas
unsteady flow parameters.

CONCLUSIONS

1. The advantage of the LES approach as compaitbdtie RANS for cyclone
dust catcher modeling is considerable but comprtaticost increases greatly.

2. The pressure drop in conical part of conventiegalone is much higher than
for step-by-step extraction type, the reverse flomthe later cyclones is reduced.

3. Most particles leave the cyclone in first andosel stage outlets and the rest
keep moving down the sand nozzle. Still some aftlean reach the clean gas outlet.

3. The application of investigated cyclone at fs&tge air refining of air system
for transport engine of diesel locomotive leadsirtorease of air refinement level,
cyclone separator effectiveness changes at variggdeharge and irregular gas streams
should be compensated with using of battery separat
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MOJIEJTMPOBAHUE IUKJIOHA C KAJIO3UAHOM PEHIETKOM

Jmutpuii JIMuTpresnko

AHHoTauus. HccrnenoBaHa pa®oTa HOBBIX IIMKJIOHHBIX IbUICYJOBUTENEH METOAAMHM BBIYMCIUTENBHOM
THIPOJMHAMUKY Ui ofHO(a3HOil cpenpl B mpuOmmkenun Peiinonbaca. IlpeacraBneHa kapTuHa NaJeHUs
JIaBJICHUS B IMKIOHAX. lIpe/uioxeHsl IMyTH JajbHEHIIEro yiaydlleHHs Hpolecca BO3JYXOOUUCTKU JUIs
JIM3ENBHBIX JIBUTATEIICH.

KuroueBbie ciioBa: NbUICYJIOBUTEb, BO3AYXOOYHUCTKA, LUKJIOHHBIH cenaparop, JKAITIO3UAHAS peueTkKa.
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CHOICE OF THE ECONOMICAL METHOD OF WELDING
AT MAKING OF STEEL CONSTRUCTIONS

Oleg Druz, Svetlana Gitnaya

Chair «Safety of labour, protection and safetyitdl\functions»
of the Volodymyr Dahl East-Ukrainian National Uaisity, Lugansk, Ukraine.

Summary. In the given article the method of decision of exge of electric energy for various types of
welding, comparative analysis of efficiency of di#nt ways of welding, is resulted. Tabl. 3, fig.sburce
25.

Key words: welding, economy, economy of electric energy.

INTRODUCTION

In different industries of industry will remain bhasmaterials on the nearest
decades to steel and alloys on the basis of irod,l@ading technological process of
receipt of permanent connections — welding.

In the conditions of market competition at makirfghe welded constructions it
is necessary to develop technologies which allowprwvide the best quality and the
least cost of good.

THE ANALYSIS OF PUBLICATIONS, MATERIALS, METHODS

Basic directions of economy in welding productiare dllowing [Gedrovich
A.l., Druz O.N., 2002, Gedrovich A.l., Druz O.NQ@3, Gedrovich A.l., Gidkov A.B.,
2003, Gitlevich A.D., 1985, Gracheva K.A., 1984¢Békko L.P., Gitlevich A.D., 1986]:
transition to sheet metal ware (use of metal-rdlismall thicknesses, to 10 mm);
reduction of prices of process of welding (powetustion) and welding materials.

On today the methods of fuse welding are most dpesl, that is related to
simplicity of their realization. An anchorwomen thele belongs to the arc welding
which will in the near future remain the basic tygfefuse welding here. Such position
of the arc welding is explained by high concentratdf thermal energy, universality of
process, by possibility of welding under variousnditions and spatial positions,
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simplicity, by reliability and is relative by thew cost of equipment, stability of
strength characteristics descriptions of the weld&thections, comparative simplicity
of mechanization of process of welding.

THE PURPOSE AND STATEMENT OF PROBLEM OF RESEARCHES

Working up of method of estimation and choice @& thost economy method of
welding with minimum consumption of electric enerfymaking of steel constructions
from thin metal-roll is the target of the givenicig.

Most perspective path of development of weldinghtextogies of — economy
resources material and power at welding. Here nfios, it is necessary to mechanize
and automatize (robotize) the process of receiph®fwelded connection and aspire to
the burst performance, with the improvement of teiwh labour of welder. However
sharp transition to total automation of processvelding is related to the enough large
capital investments, therefore it is not needetetmunce the semi-automatic methods
of welding. Expediently to modify and combine eaidttechnologies of welding. From
the existent methods of fuse welding it is necessarchoose economical and with the
least consumption of electric energy.

THE BASIC SECTION WITH RESULTS AND THEIR ANALYSIS

For the decision of method of fuse welding with minm consumption of
electric energy their comparison was conducted.tdchnical literature estimated
dependences on the decision of power consumptigast(icity charges) on 1 kg of
weld metal and on 1 m of the welded stitch [GitkdwviA.D., 1985, Gracheva K.A,,
1984, Shebeko L.P., Gitlevich A.D., 1986, KarnaulK A Mazur A.A., Panashenko
N.l., 1995, Mazur A.A., Karnauh A.K., Panashenkd.NL996, Panashenko N.I., 1996,
Panashenko N.I., Gavva V.M., Karnauh A.K., 1996na3aenko N.I., Karnauh A.K.,
1995, Panashenko N.I., Mazur A.A., Karnauh A.K.ylsh A.M., 1995] are brought
over, basic design formulas (1 — 5) are resultatiertable 1.

In our opinion the analysis of consumption of efectnergy must be conducted
on 1 m of welding stitch, as not in all methodsaaflding a adding electrode metal is
used.

For the calculation of consumptions on electricrgnehe dependence (5) from
table is most preferable. 1, as it takes into astdie losses at idling of arc welding
source. The sentinel expense of electric energglliag can makes 15...27 % sentinel
expense during burning of welding arc at the usdrafisformers of direct current,
2,5..125 % — at rectifiers and 3,5...6,5 % - randformers. Along with it the
recommended dependences (tabl. 1) for the calonladf consumption on electric
energy do not take into account its expense to wbedectric motors of mechanisms of
serve of electrode wire, works and adjusting mowirigwelding vehicle or welded
product. They do not take into account also thede®f electric energy in a network.
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Table 1.Formulas for the decision of power consumptions awvelding

Design formula Table of symbols
= C. — consumptions on electric energy pen bf
Ce qQ""P @ stitch, g — expense of electric energy per 1
_t,IUP, of weld metal (kWh/kg), R, — price 1 kWh
e = m 2 electric energy (monetary item4),— tension of
4L a welding arc, (V)n — outputinput ratio of ar
QW|U|:>e welding source W, — power of idling of ar
e = ——.03 welding source, (kW)a,, — coefficient of basi
8’71000 time, equal to attitde of basic time toward pie
Q UP calculation time of welding, — mass of th
Ce ==W—¢ (4 weld metal per 1 m of welding stitch, (kg),-$
na, speed of welding deposition or welding, (kg
U 1 | — welding current, (A),aq — coefficient of
_ - welding deposition, (g/R), ty — bagc time of]
e t0(,71000"'\/\4 a:m jpe ®) welding per 1 m of stitch, (h/m).

For setting of norms of consumptions of electriergy per 1 m of stitch at all
arc methods of welding it is recommended to usddtewing dependence:

Nem = Ebm + Eim + Eem’ (1)
where: E,,— expense of electric energy for basic time ofdive;
Eim — specific losses of electric energy in the aliged mode of operations of welding
source in the period of idling;
E.m— electric energy consumption by an engine.
The g, value is determined on the following formula:
_IUT, 10°

m= )
5 n

where:l — strength of welding current (A);
U — tension on a welding arc (V);
Tom — basic time of welding 1 m of stitch or fuse wetd 1 kg of metal (period of

burning of arc) (h/m);T,,, =1/V,,, for the automatic welding and,,, =M /lay,

for the manual arc welding and semi-automatic wejdi
M — mass of added metal on 1 m of stitch (g);
n — output-input ratio of arc welding source.

The g, value is determined on the following formula:

Eim:Pw[Tme(i’ (3)

where:P,, — power of arc welding source on idling (kW);
K; — coefficient taking into account the period dfrig of welding source in relation to
basic time of welding.

The mean valueB,, for a single-operator transformer make 1,2...k\§, for a
semiconductor rectifier — 0,2...0,3 kW, for a tfanser — 0,35...0,4 kW.

The mean valueg; for the terms large-scale production and mass ymtiah
make 0,4...0,6, and for individual production amhi-scale production — 0,7...0,8.
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Or K; = (1—]{0)/]{0, Ko — coefficient of time of burning of arc in common

time on welding.
The B value is found on the following formula:
n
Eem = z R |:Kpi |:rpi (4)
i=1
where: P— the installed power for one electric motor (kW);
K,i — activity factor for one electric motor on power;
T — duration of work one electric motor (h/m).

It Is Recommended; to accept equal: 0,75...0,94 for welding solventisgal
0,54...0,94 for the manual arc welding by the ceseglectrodes; 0,7...0,85 for welding
in inert gases; 0,7...0,94 for welding in activesemand mixtures of gases; 0,66...0,86
for welding of flux-cored welding and superficiakytivated.

Graphic presentation of distributing of middle autnput ratio of welding
processes is represented on the fig. 1.

We will define the consumptions of electric eneagythe butt-seam single-pass
arc welding in the air quality of protective gasggdwo leaves from construction steel
plate (type of the connection C4) thickness 4 mmMd$E 8713-79). We will adopt
length of stitch of equal 1 m, individual productjdor all methods of arc welding as a
welding source the semiconductor rectifier of tyygetVDU-1001 is used. We adopt the
modes of welding from reference data [Kitaev A.Mitaev Ya.A., 1985, Lihachev
V.L., 2004, Nikiforov N.l., 1999, Asnis A.E., 1980alishev B.D., 1989, Chernishov
G.G., Mordinskiy V.B., 2004]. The technological nesdand output computation are
taken in table 2 and represented on the fig. 2. fiiddle consumptions of electric
energy per 1 m of the welded stitch of the conoec€4 for different ways of welding
are represented on the fig. 3.

However, In spite of such distributing of consuraptof energy on the methods
of welding, cost 1 m of stitch to it short of, thatrelated to the additional consumption
on the receipt of the welded connection (cleanifithe welded edges, assembling for
welding, pay-envelope of welders and auxiliary parel, consumption for repair and
production service, welding materials and etc) Iggith A.D., 1985, Gracheva K.A.,
1984, Shebeko L.P., Gitlevich A.D., 1986, Mazur A.Karnauh A.K., Panashenko
N.l., 1996, Panashenko N.l., 1996, Panashenko Gavyva V.M., Karnauh A.K., 1996,
Panashenko N.I., Karnauh A.K., 1995, Panashenkg Mazur A.A., Karnauh A.K.,
Beynish A.M., 1995]. Average cost 1 m of the enthtjstitch C4 at the thickness of
sheet 4 mm of got different ways of the arc weldsgepresented on the fig. 4.

From tabl. 2 and the fig. 2 is visible, that minimwonsumption of electric
energy, other things being equal, the methods dfling are had in protective gases
(their mixtures) with activators. Welding under aaand welding in the environment of
aguatic steam can be de bene esse considered gvatdem active gas environment,
consisting of products of decomposition of watemip and gases selected at
dissociation of stock of powder-like wares [AsnisEA 1980, Gusachenko A.l,
Kononenko V.Ya., 1989, Zorbidi V.N., 1989, Kononenk.Ya., Ribchenkov A.G.,
1994, Pohodnya I.K., Gorpenyuk V.N., Kononenko V,Y&onomarev V.E.,
Maksimov S.Yu., 1990, Smiyan O.D., Kononenko V,Yl287].
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Table 2.Welding conditions of automatic methods butt-welde joint C4 and power imputs
per 1 m of stitch on a design formula (6)

=)

=)

[

Welding conditions Power imputs
l, U, | Vu Dei, Performance perllmof Method of welding
. stitch,

(A) | (B) | (m/h) | (mm) index (KWIR/m)

1 2 3 4 5 6 7

250| 26| 24| 2 0,75 0,4094 | Automatic welding in  the
protective environment CO
Automatic welding in the mixture

350 | 30 40 2 0,75 0,3790 70%CO,+30%0,

Automatic welding in a mixture a

370 | 30 40 2 0,75 0,3990 | 85%C0O,+15%0, wire  with
additions Ce and La

540 | 26 50 4 075 0.3976 Automatic_ solvent sealing o
melt backing

480 | 30 49 4 075 0.4155 Automatic solvept sealing o
copper-melt backing

280 | 28 o5 2 075 0,4645 ,(AAurt)omatic welding in inert gase
Automatic welding in the mixture

280 | 28 30 2 0,75 0,3871 8506A1,+15%),

Automatic  welding in the

170 | 28 o5 2 075 0,3003 protective envirpnment Ar on.the
layer of activator (welding
compound)

Automatic welding in a mixture

180 | 28 25 2 0,75 0,3152 | 85%Ar+15%0, on the layer of
activator (welding compound)
Automatic  welding in the

280 | 40 45 2 075 03576 protective enviropment Cpqn
the layer of activator (welding
compound)

Automatic welding under water

200 | 28 20 2 0,75 0,4313 | by a bare wire without additiona
defense
Automatic welding under water

250 | 23 30 2 0,75 0,2942 | by a bare wire with the additional
defense CQ@

200 | 28 20 1,6 0,75 0,4313 Automatic welding undetew
by the powder-like wire PPC
5AN

180 | 30 20 1,6 0,75 0,4180 Automatic welding undeatew
by the powder-like wire PPC
AN1

160 | 30 20 2 0,75 0,3780 Automatic  welding in the
environment of aquatic steam
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performamnce index

AWIG

1 2 3 4 5 & 7

way's of welding

Fig. 1. Distributing of middle output-input ratipgrformance index) of various ways of welding:
EBW - electron-beam welding; AHW — automatic hiddeo welding; AWAG — automatic arc
welding in active gase€£(,); AWIG — automatic arc welding in inert gases (AW — welding
by a powder-like wire; MWS — manual arc weldingagtick electrode; LW — laser welding

For the input analysis energies use comparativerigions of heat source
(thermal energy), for example, rate of energy inpudlded elements, which is
determined on a formula [Kuzminov S.A., 1974]:

1 U
q, = 'zr/Q - 024—C in, )

where:q, — rate of energy input of the welded elementg{ogl;
V,,— middle speed of welding (sm/s);
n,— effective output-input ratio of process of hegtry an arc.

Table 3.Descriptions of thermal current of welding arcs

Maximal specific therma Coefficient of
Description of welding arc thread, concentration K,
(cal/ (sntld)) (1/snt)
Arc of unfluxiblecarbon electrode 1000—2000 1—15
Arc of unfluxible electrode (tungsten) 500—600 6—14.0
the Ar stream
Arc opened of fluxible electrode (iron) 1000—2000 1—15
,(Ai\rrgn)submerged arc of fluxible eleotie| 6000 6—10.0

The indexes of efficiency of welding sources of théarcs) are: degree of
localization of input of heat in product, maximadvger of welding source, maximal
effective input in the center of spot of heatingtput-input ratio of the use of power. In
the table 3 comparative descriptions of sourcdseat are resulted.

The concentrated of heating of article within thmitls of spot of heating at the
use of various sources of heat is representedefigh5. Approximately distributing of
thermal thread on the surface of spot of heatirtetermined to the curve of Gauss:

k2
Op(r) = Gy (&7 (6)
where:q(r) — intensity of specific thermal thread in any platspot (W/srf):
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0m— the most specific thermal thread (W#sm

r — radial distance from the axis of symmetry of seuo the examined point (sm);

K — coefficient of concentration, characterizing teometrical form of curve, 1/¢m
(coefficient K is determined by an experimentalhpand relied on the type of thermal
energy source and its thermal power);

e— foundation of natural logarithm.
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welding manner

Fig. 2. Cost sharing of electrical energy per 1fraticch of the connection C4 for various ways of
the arc welding in protective gases: 1 — automagilting in the environment of inert gases (Ar);
2 — automatic welding under water by a bare wirdeut additional defense; 3 — automatic
welding under water by the powder-like wire®RN5; 4 — automatic welding under water by

the powder-like wire PE-AN1; 5 — automatic solvent sealing on copper-rhaltking; 6 —
automatic welding in the protective environment,CD— automatic welding in a mixture by a
85%C0,+15%0, electrode wire with additionSe and La; 8 — Automatic solvent sealing on melt
backing; 9 — automatic welding in the mixture 85%Ar5%QC0,; 10 — automatic welding in the
mixture 709 0,+30%0,; 11 — welding in the environment of aquatic ste&fh:- automatic
welding in SQ on the layer of activator (melt);13 — automatiddireg in a mixture
85%Ar+15%0, onthe layer of activator (melt);14 — automatic welglin the protective
environment Ar on the layer of activator (melt):2&utomatic welding under water by a bare
wire with the additional defense GO

Most maximal power is practically attained at thegswvelding — 250 kW and arc
welding — 100kW. By the range of powers to 50 kl&ctron-beam welding set are
characterized. Maximal power 30 kW is achieved ettisg for welding by a laser.
Maximal power of the practically applied gas welglftame is limited 10 kW.

On the useful use of power of energy (on the affedhput of heat in the welded
article) source by the most high value of outpytsinratio an cathode ray and welding
arc are characterized. The use of power of lasgrgas welding flame is less effective
considerably.

It ensues from the above-mentioned data, that emiten stage of development
of welding technologies it is necessary to workletelopment, first of all, arc welding
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in the environment of protective gases and thextunés, as one of the most alternative
technology and technology of permanent connectiample in realization
(automations).

=
=
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=
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o
]

power impuis per 1 m weld seam KWh'm
= o
= 2

AWAT AR

o

welding manmner

Fig. 3. Cost sharing of electrical energy per 1fmatiich of the connection C4 for various ways of
the welding: EBW — electron-beam welding, LW — laselding, AWAG — automatic arc
welding in active gases, AHW — automatic hiddenveetding, MWS — manual arc welding
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64,61 63

AAWINCO; B
with REM

AAW InCOz

Mean values of cost 1 m of the Flat butt weld

ways of the arc welding

Fig. 4. Mean values of cost 1 m of the flat buttdv@4 at the thickness of sheet 4 mm in relative

units (the hang-the-expense approach method ofingels accepted after 100%) on various ways
of the arc welding: MWS\HO-1 — manual arc welding by the custom-made eleetafidhe
AHO-1 brand, SAW in C@- semi-automatic arc welding in the protectiveiemment CQ,
SSAW - semi-automatic submerged arc welding, AAVZ®, — automatic arc welding in the

protective environment COAHW — automatic submerged arc welding, AAW in G@th REM

— automatic arc welding in the protective environtn@0, with additions of rare-earth metals to

the electrode
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qz; MW/m?

Fig. 5. Graph of efficiency of thermal action ofizcais sources of heat:— metallic submerged
arc (q=27,5 kW)2 — metallic arc opened (q=29,1 kB> metallic arc opened (q=9,9 kW)=
gas flame (q=9,4 kW; heaé 7)
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Fig. 6. Dependence of productivity welding depasitof arc methods of welding on strength of
current: 1 — manual arc welding, electrode withibasverage; 2 — manual arc welding, electrode
with cellulose coverage; 3 — manual arc weldingcebde with retile coverage and ferrous
powder; 4 — manual arc welding, electrode witheatoverage; 5 — welding in a protective

environment the COwire the diameter 1,2 mm; 6 — powder-like wire ti@meter 1,6 mm
(brands — FCW AWS E6XT5); 7 — welding in a proteetenvironment the CQwire the
diameter 0,8 mm; 8 — powder-like wire the diamété& mm (brands — FCW AWS E6XT1); 9 —
powder-like wire the diameter 2,4 mm (brands — FEWS E6XT1)
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In practice often the economic factors of arc weddiare determined by
productivity of welding deposition. Dependence pkad of welding deposition on
welding current strength represented on the fig. 6.

CONCLUSIONS

1. Perspective for application, development, improent and modification there
is the method of the arc welding in the environmehtprotective gases and their
mixtures with additions of activators, steel witliickness to 10 mm.

2. Application of plasma, electron-beam and lasathods of welding are
expedient only in case of impossibility of the wdether methods of welding.
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BbBIBOP DKOHOMHUYHOI'O CIIOCOBA CBAPKH
PA U3TOTOBJIEHUU CTAJIbHBIX KOHCTPYKIIUI

Outer [Ipy3s, CBetiiana 2Kutnas

AHHOTauus B nmaHHO# cTaThe MpuBENEHA METOAMKA OMPEINCNCHHUS PacXoja SNICKTPHUYECKOW SHEPTUH VIS
pa3IMYHBIX BUJIOB CBApPKU, CPABHHUTENBHBIN aHANU3 3G ()EKTHBHOCTH PA3IMYHBIX cocoboB cBapku. Tadm. 3,
puc. 5,ucr. 25.

KuroueBbie ciioBa: CBapKa, DKOHOMUs, C6CpC)KCHI/IC 3neKTquec1<0171 OHCPIUH.
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METHODS OF CHOICE OF MELT FILTRATION
SYSTEM IN THE PORCESS OF SECONDARY POLYMER
MATERIAL EXTRUSION

Valery Dyadychev, Tatyana Tereshchenko, Irina Dyadgheva

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. Analysis of the system of melt filtration in theopess of reprocessing of secondary polymer
materials was done, advantages and disadvantagesstifig systems were considered, methods oafiitn
system choice was offered.

Key words: filtration, polymer material, secondary reprocegsiextrusion, melt, pressure.

INTRODUCTION

Extrinsic substances and impurities of differenzesiand number, which
negatively affect the process of extrusion, appgeathe process of reprocessing of
secondary polymer materials in the polymer melchsimpurities and heterogeneities
lead to the destruction of fibers, blackouts inypmdr film, resistance changes in cable
coat, or vulnerabilities in polymer pipes. The ash showed that the presence of
particles of more than 300 micrometers size mayl l&a cracking and rupture of
polymer pipe in 15-20 years. That is why produagrgas pipes which give 50 years
and more guarantee period on them must be sur¢hehatelt does not contain particles
of more than 300 micrometers size [Gneuss 2007].

There is a melt filtration stage by means of sdedafiltration systems for
collecting solid particles form the melt in the pess of extrusion (fig.1) [Dyadychev
2010].

Thus, filtration provides two directions. First,ethreprocessing of secondary
polymer materials and spoilage in production ersatdeget additional economic profits.
Secondly, it provides the necessary melt filtratiprality in production of the range of
plastics, for example, production of polyamide ghlas for usage in optical systems
such as mobile devices displays.
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Fig.1. Extruder constructional scheme
1 — extruder, 2 — extrusion head, 3 — filtratiosteyn

RESEARCH OBJECT

There are filtration systems of sampling and camirs action. Systems of
continuous action are economically effective asekteusion production process is not
interrupted during filtration elements change. 8gw of sampling action are used for
lightly foul polymers or, if filtration elements mae easily changed, when extruder is
brought to a stop by other reasons, such as ctafraymer, colour, extrudate profile
and etc [Dyadychev 2010].

Filtration systems of sampling action are the systef candle and cassette type.
In the system of candle type cylinder candle (laghiis wrapped in expanded lath and
the melt goes from extruder through array insidehef candle and goes out from it
bottom-up in the head that it is forming. The candhould be taken out to change
arrays. In the systems of cassette (gate) type2ffifjat lathing with array is set
crosswise the melt current, and the arrays changdfilled when the cassette is moved
aside. Both system types demand the stop of thduptimn for arrays change, but as the
useful filtration surface in candle filters is mublgger than this of cassette type then
the change of filtration arrays occurs in this typere rarely. So, though cassette filters
seem to be handier, but in practice candle fillsesmore advantageous, cassette filters
are used mostly for polymers of low thermostabilityich are sensitive to dead spaces
and prolonged polymer stay in the filter capadity {nstance, polyamides)

Fig.2. Cassette (gate) filter construction
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The simplest systems of continuous action are tistsp and have the following
construction: there are two pistons in the framevhich filtration elements are fixed.
Permanent frame heating is realized by means efrative heat bringing. The frame is
isolated by thermal insulation for heat drain preien.

Polymer melt is separated inside the frame (figi3wo identical currents, each
of which goes to filtration hole of the pistol wisfiltration elements are fastened. For
filtration element change the corresponding pissolput out the frame, where the
change is carried out, and then the pistol taleesgerating position.

Fig.3. Two-pistol filter's construction and funatimg
1 - frame, 2 — pistol, 3 - melt

The main peculiarity of rotation type filter systeroonstruction is the disk that
rotates in certain cycle between two blocks aneérfielements fastened on it in circle
(fig.4).

In rotary filters of the given type depuration dflts is carried out according to
the system of “back-flushing” (fig.5).

The usage of filters with reverse depuration isemftrecommended in
reprocessing of very foul materials, the filterre@ts are rinsed with a small quantity
of filtered polymer melt. In traditional filter agstments it contributes to the material
loss the capacity of which changes depending orfiltn&tion technology used. When
using expensive raw material components such as, ef@ample, polyethylene
terephthalate or polyamide, the factor of mateflalw considerably affects the
efficiency of production process [Gneuss 2007].

Rotary filtration systems provide optimal melt rlagical properties and short
time of its going through filter. Stable productiohquality products is achieved due to
rotary technologies; this process is not violatedrdy the filter elements replacement
(fig.6).
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Fig.5. Scheme of the process of bolt rinse in imtatechnology filtration systems
1 — door for bolt change, 2 — bolt sector, 3 —qpisf reverse injection
4 —filtration active area, 5 — progressive distation in 1-2°

Rotary filtration systems contribute to high-qualigoods production at the
expense of higher quality filtration, on the oneadthaand, on the other hand, provide
wide opportunities on the use of low-grade raw mal for reprocessing, for example,
production wastes and waste collected from the fadipn, which significantly reduces
production material costs [Narisava 1987].
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Fig.6. Comparison of the nature of the pressuragbswhen using
different filtration systems

RESULTS OF EXPERIMENTAL RESEARCH

When choosing polymer melt filtration technologyr fthe concrete line of
extrusion the two questions should be asked: what &f filtration is technologically
necessary for the production of goods of acceptinddity, and what filtration system it
is rational to use from the economical point ofwie

Extrusion lines are equipped with simple cassetlters of flat and one-pistol
construction type with manual changing of filteragts during which cassette devices
are put into action using hydraulic or electromexdta devices.

These filter types belong to sampling action systevhere change of foul filter
elements entails a complete shutdown of extrusine and, as the result, loss in
production output.

Two-pistol bolt-changing devices, in which duringrmal reprocessing process
flow two filtration surfaces are used simultanegy§l.7a), belong to so called systems
of continuous action, besides double filter adjusita where during filtering elements
change the reserve filter is used. When the airapme of the filter pistols (fig.7b) is
changed the production process although is notrugiged, but the filtration surface
reduces accordingly.

The peculiarities of the listed above filtratiorch@ologies may cause different
problems. First, as the filter arrays contaminat#éhwmechanical impurities the
resistance to melt movement grows, what causesipgesf the soft particles of the
fouling and the blockage of the filtering surfacghathem. As the result the capacity of
the system reduces, extrusion process slows. Edlyesharply it is manifested during
the direct change of filtering elements in twotplisystems of continuous action as at
this moment, as it was noticed before, the filmatarea, partially filled with fouling,
reduces.
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Fig.7. Scheme of the bolt changing two-pistol ition device in full work (A)
and during array change (B)
1 — filter frame; 2 — polymer melt current; 3 —inpransition adapter (flange);
4 — output transition adapter (flange); 5 — petiedgplate;
6 — array; 7 — closed filtration surfaces duringagror bolts changing

Besides this, the products of cracking in the fafiplastic particles that appear
on the open surfaces of the pistols as the re§titteocontact with the environment and
also in unavailable for clearing space betweemtbehes of bolts get in the main melt
channel together with filtered material when theags are changed in this filtration
systems.

These defections during filter elements change ltreisu destabilization of
technological process and production of such gdbaisare substandard, which will be
realized at low prices, or goods that are to beaegssed as production wastes. That is
why it is necessary, if possible, to combine theys change with planned breaks on
equipment service when using usual filtration aipents.

The increase of the period of time between arrgsnige may be achieved by the
following means: installation of rougher filtratiar usage of clearer material. But, in
the first case the goods quality will worsen, ie $econd case the material expenses,
which occupy a considerable part in productionsostll grow.

CONCLUSION

Filtration systems influence the efficiency and lguaof the production process
considerably because of the range of certain factarthis regard, it is appropriate and
reasonable to decide closely and carefully dudmgpgackaging and purchase of certain
new line what filtration technology is rational aeffective. The filtration type proposed
by manufacturers that complete and supply equiprseoften economically profitable
for them, but it is not rational for the final ussrthe line.
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METOAMUKA BbIBOPA CUCTEMbI ®NJIbTPALIMU PACIIJIABA

B ITPOLECCE 3KCTPY3HUH BTOPUYHOI'O NIOJIUMEPHOI'O MATEPHUAJIA
Banepnii Ianuues, Tatbsina Tepemenko, Upuna {aanyesa

AnHoranus. IlpoBeneH anamu3 cucreM QUIBTpalMH paciulaBa B IIpolecce IIEepepadOTKH BTOPHUYHBIX
MOJIMMEPHBIX MaTEPHajIoB, PACCMOTPEHbI JOCTOMHCTBA M HEOCTATKU CYIIECTBYIOIIHX CHCTEM, NPEIOKEHa
METO/MKA BBIOOPA CHCTEMbI (PUIIBTPALIUH.

KurodeBrble cioBa: (uibTparius, MOJHMMEPHBI MaTepHall, BTOPHYHAs nepepaboTKa, IKCTPYy3Hs, pacilias,
JIaBJICHHE.
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ANALYSIS OF CONSTRUCTION PRINCIPLES OF DISTANCE
LEARNING SYSTEM INSTRUMENTAL ENVIRONMENT

Valery Dyadychev, Anatoliy Zhukovskiy, Aleksandr Dyadychev

Volodymyr Dahl East Ukrainian National Universityyhansk, Ukraine

Summary. Development and application of current distancenieg system is described. Instrumental
environment’s functionality is marked out: systemmdtions, instructor’s instruments, student’s imstents,
knowledge control system. The analysis of the euwntand construction principles of instrumental
environment for creation and support of distaneenimg process is made.

Key words: distance learning, system functions, instrumentsractive systems.

INTRODUCTION

Nowadays alongside with traditional educational cess many educational
institutions begin to use distance learning tecbgiels more intensively. Distance
learning advantages in comparison with traditiof@ms of educational process
organization shows that distance learning enabtesrganize the educational process in
the most efficient way (without leaving the placé residence, in the process of
production activity, under the individual schedaled depending on individual needs),
reduce the cost of training, improve the educatjprlity by implementing unique
educational programs and combining courses, rentbee moral age restrictions
[Agaponov 2003]. Distance learning enables to pres¢he accumulated experience
and didactic materials for the future generations.

The use of distance learning is connected withnded to improve the education
quality in universities, especially the part-tintadies.

Distance learning problems are the subject of #mearch for specialists of
various scientific fields [Kozlakova 2002]. Thug)et research in distance learning
sphere is lead in many Ukrainian and Russian usities: International Research and
Educational Center of Information Technologies &ybstems (subdivision of V.M.
Glushkov Cyber Center), virtual distance learnit@boratory of Kharkov Technical
University of Radioelectronics, Research Institatfe Educational Technologies in
Moscow State University of Economics, Statisticgl dnformatics A.A.Andreyev),
Moscow State K.E. Tsiolkovsky Aviation Technical iersity (S.M. Avdoshyn),
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Moscow Institute of Electronics and MathematicsMSMoiseyev), Moscow State
Experimental Center of Computer Training (V.L. Lstigv).

Though the majority of publications are concernaty avith the didactic aspect
of distance learning, informational and organizagiemethodological directions are not
less important. Education quality depends on thg the distance learning course is
organized in the aspect of information flows traission [Andreyev 1999]. The
problem of creation, control and updating of thateat of distance learning courses in
methodological aspect requires special study.

OBJECTS AND PROBLEMS

The aim of this article is to make analysis of stuwe and principles of
instrumental environment construction for distarearning courses creating and
support. Approaches to e-learning creation techgyolnd environments are considered
in the article. Development and implementation & turrent system of the distance
learning process support is described.

Introduction of distance learning technologies does always go smoothly.
Traditional educational process, as it is well knpeonsists of the following elements:
purpose of training, learning content, studentachers, methods, means and forms of
training, control and correction.

Distance learning process peculiarities’ analysms the actual functioning of a
larger number of elements, as well as changing dbetent of some traditional.
Additionally included elements represent normategal, financial and economic,
identification-control and marketing systems. Cialta these subsystems are present in
implicit form with varying degrees of detailing @anonical educational system too, but
their significance for the normal course of the ggmhical process is not as principled
as when it comes to distance learning [Polat 1998].

Modern researchers agree that the best assistdigtémce learning technologies
implementation is the Internet global web [Soldat003]. Modern Internet is a
hypermedia system of information presentation, rattive environment containing
material that needs analysis and is capable tsadke user's actions and provide the
feedback immediately.

Distance learning course oriented on the Internatains a large number of text
materials, graphics and multimedia. Different pasfsdistance learning course are
connected by hypertext links (hyperlinks). But the@mber of connections in normal
distance learning course may become so large thatuah linking is no longer
acceptable as the courses’ structure may be lostddition, Internet oriented distance
learning uses a large number of new network teduie$ such as: public bulletin
boards, forums, chats, interactive knowledge cdstrstems, etc. [Dyadychev 2010].

The solution to this problem is to develop automateols of distance learning
technology organization. At the moment large nurmdfenstrumental shells of distance
learning courses’ development and support are kndume most famous of them are
western systems Blackboard, eCollege.com, TopCl&a&hCT, IVLE, Virtual-U and
others [Ignatiev 2004]. The given systems havegadisadvantage — their ownership
cost is very high. There are also shareware westetndomestic developments which
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may be used at the initial stage of distance legrrorganization. However, if to
summarize the requirements to the work of distale@ning instrumental shell,
significant flaws may be found at once. Firstlyisinot full coverage of functionality of
the distance learning system oriented on the late®econdly, it is the complexity of
localization. Thirdly, it is inability to enhancie functionality by means of new
modules adding (in many cases the given peculidgtyavailable in commercial
version), etc. More detailed analysis is beyoradtope of this article.

To achieve the necessary functionality and abitity develop further the
instrumental shell of distance learning coursesigleand support there was integrated
system of distance learning process support degdloft got the name of XML
Education System Framework (XESF). This software ca@led so because its
functioning is based on several advanced technedépghe main of which is XML.
XSLT, Perl-CGI, DHTML are used also. The shell isated by the modular principle,
and therefore it easily provides the further extm®f software product functionality
(fig.1).

Let us count the main XESF facilities at the momé@ihey are collected in three
groups: system functions, tutor’s instruments andent’s instruments.

X Functions of Formation of
Checking access work with XML pages using
rights, Wc_)rk with patterns
sessions
Web- Web- Main module L Page
browser f—A server mangger
\— \— XESF —V

/

Interface of plug-in options

A
< > Remote file manager
Knowledge control system <« >
Electronic library - »
< > Schedule
Messages service < > Site‘s resources
Registration of users’ Web-pages < »| Automated system of learning tasks
receipt
v

Fig.1. Scheme of XESF system’s work
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Student’s instruments

1. Personal identification of students (at everymmaot of time the system
“knows” who is working with it and therefore is @de to control user’s actions).

2. Personal e-mail (it is not the part of distahe&ning system as the most
convenient form of e-mail organization is usingspécial e-mail clients).

3. Access to materials interface description (iraegf assistance system is
implemented).

4. Message board (by means of this tool any stud@mtsend a message to all
students, group of students, all teachers or soepersonally (a teacher or a student)).

5. Personal file space with simple way to downlbizd.

6. Rating system.

7. Ability to pass tests in the training mode (imoet control, etc.).

8. Publication of the work results and other matsrby students.

9. Electronic library with integrated navigatiorstgm.

10. Distribution of access to educational materisisdent or group can see only
those courses (sections, materials) which they hagess to).

11. Distribution of access depending on time.

Tutor’s instruments

1. Ability to add materials efficiently (implemewtdy means of FTP).

2. Unified design.

3. Configurable look (implemented by means of ugaterns).

4. Support of multiple formats of information repeatation: regular text —
TXT, HTML, XML or launching of special program ofaterials display.

5. Ability to preview.

6. Sections hierarchy (navigation on courses apd thaterials is fulfilled by
means of the hierarchy tree).

7. Testing (specialized interactive testing systkrok further)).

8. Summing up the learning process.

System functions

1. Subprograms of forming content on the basisattiepns.

2. Subprograms of XML conversion by means of XSXML format is the
main format of data storage and/or transfer.

3. Subprograms of distance learning site secti@msuthy support.

4. Subprograms of personal student’s identificatmmd means of access
restriction.

5. Plug-in options support functions.

6. Subprograms of administration.

Peculiarities of knowledge control system

1. Representation of introduction, general infoiorat about text and
conclusion, interpretation of the test results.

2. Support of different types of questions: chogsime option among many
others, choosing many options among many otheost ahswer, active image creating.

3. Prompts to the tested person.
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4. Flexible evaluation system, opportunity to sember of points for each
question: for the correct answer, not correct answefor the prompt, or to use the
default settings.

5. Ability to set the number of tries for answeretach question.

6. Easy work with the multimedia content througipérjinks.

7. Configurable reaction in case of the correatarcorrect answer and even in
choosing of concrete variant.

8. Ability to set time limit (by tools of the systg.

9. Random mixing of questions and answer variaggsisnce.

10. Ability to store the test results and colletttistics (when working jointly
with tools of identification).

11. Ability to set required number of questions ¢ertain test from the general
base.

12. Program working with data base for tests coeastorage and control.

13. Easy textual XML format for storing ready tests

Currently the XESF system is used by students ¢ part-time and full-time
students, the informational filling of the systemdanew courses creation are in process,
the creation of distance learning groups is planned

CONCLUSIONS

The analysis of the content of instrumental envinent of distance learning
courses support on the basis of several commeacidl shareware distance learning
systems was made in the article. General principleghe similar environments’
structure were identified; the implementation o€ tXESF instrumental system of
distance learning support was described.

The promising directions of the given problem’sdstuare: improvement of
constructing techniques of instrumental environmmeot distance learning support,
ways of organization of interaction between diffégrenvironments.
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AHAJIN3 IIPUHIIATIOB TOCTPOEHUS THCTPYMEHTAJIBHOM CPEJIBI
CUCTEMBI JUCTAHIIMOHHOI'O OBYYEHUS

Banepnii {aauyes, Anaronuii )KykoBckuii, Anexcanap Jsanyes

AnHoranus. Onmcana pa3paboTka U IpPHMCHEHHE JEHCTBYIOIIEH CHCTEMBI NHUCTAHIMOHHOIO OOYYCHHS.
BbienieHa  (pyHKIMOHAIBHOCTh MHCTPYMEHTAIBHOH Cpeibl: CHCTEMHbIC (YHKIMH, WHCTPYMEHTapuii
HMHCTPYKTOpA, MHCTPYMEHTAapHi CTyAEHTa, cuUcTeMa KOHTpois 3HaHuil. IIpoBeseH anHanu3 cocraBa M
IIPUHIIAIIOB IIOCTPOCHUSI HHCTPYMEHTAILHON CPe/Ibl UL CO3/IaHUS U MONCPIKKH IIpoLecca JUCTAHI[HOHHOIO
o0y4eHus.

KiawueBble cioBa: JUCTaHOUOHHOC 06yquMe, CHUCTCMHBIC Cl)yHKI_II/II/I, MHCprMCHT&pHﬁ, HUHTEPAKTUBHBIC
CHUCTEMBI
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ON THE ISSUE OF ENERGY EFFICIENCY OF INDUSTRIAL
LOCOMOTIVES

Oleg Dzetcina, Viktor Fedorchenko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The analysis of research results of fuel consumnply diesel locomotives is done. The structure
and different variants of defining the rates ofl ftnsumption by industrial locomotives are exardine

Key words: fuel consumption, diesel locomotives, modernizat@mnsumption rate.

INTRODUCTION

The length of industrial railway tracks in Ukrairmomprises 25, 000 km,
including broad gauge with 18,700 km. The induktral transport functions as a
component part of production and transports 1dmilions (more than 70 %) of goods of
enterprises [Kategorenko 2005].

From the total volume of expenses for the operatfoshunting locomotive, 80%
goes onto the fuel expense ratio, 10% onto thenhtive crew salary, and another 10%
goes onto the depreciation charges [Dan’ko 2005].

In the operation it is accepted to record the qtanf fuel, acquired by every
diesel locomotive in the handling plant, to takéoimccount the fuel consumption
during the shift according to the running scheduleich should contain the data about
the fuel consumption by diesel locomotive during ghift as the fuel level difference in
the diesel locomotive tank.

The use of fuel meters is the alternative methoflielff consumption assessment.
There are a lot of flow meters and different waysfuel consumption assessment
[Sirota 1973, Voskoboynik 1978, Mokridenko 1982 \ENITY 1988].

OBJECTS AND PROBLEMS
The urgency of the topic is defined by the naggingblem of energy saving on

the rail transport and in the whole country. Thealgsis of enterprises work of rail
transport showed that the average expenses omd¢benbtive sector comprise 31,6%



70 Oleg Dzetcina, Viktor Fedorchenko

from the total sum of expenses on the enterpnsbigh is the biggest part among other
sectors of rail transport. In connection with thic@ increase on the diesel fuel, for
some diesel locomotive depots the part of expeosemprises 40% and more operating
costs. The decrease of these expenses is a gseateef raising the effectiveness of
locomotive traction [Bojelarskiy 2007, Orlov 2009].

The science-based rates of fuel consumption arébdlses of defining the real
guantity of necessary energy consumption, whichvanghe level of technological
equipment, the organization of technological precektransportation and designated
amount of transport work. These rates should reptethe technical and economic
parameters of diesel locomotives, the rates ofgutie diesel generating capacity and
diesel stock, the peculiarities of the tracks, wek of energy-transducing devices and
other factors, which define the efficiency of enempnsumption. The saving of diesel
fuel in the diesel locomotives depends on goodrtiee condition of diesel locomotive,
skillful driving of trains by crews, proper orgaation of train formation and many
other factors. Along with this important sourcefuél saving and its careful use, there is
the decrease of quantitative and qualitative fog$ Iduring transportation, drain, storage
and its delivery to the diesel locomotives.

The setting of the explained rates of fuel consimnptor the shunting operation
will allow to improve the accuracy of planning i®eds, evaluate the efficiency of
expenses, stimulate the rational and economic diesel fuel. In connection with this,
the task of improving the methodic of diesel fuationing for the shunting operation is
very important and urgent.

The aim of the article is to analyze the deterngrfimctors on the improvement
of diesel fuel rationing during shunting operatifmn the increasing the efficiency of
shunting locomotive.

It is necessary tdefinethe main factors, which influence the fuel constiomp
during performing the designated amount of shuntirgk, to analyzepresentdiesel
locomotive stock, methods of rationing the diessdl fconsumption ad to suggest the
cost method of diesel fuel consumption.

The continuous control of diesel locomotive pararseturing operation is one
of the ways of increasing their operation efficignit can be achieved at the expense of
improving the rationing of diesel fuel consumptimmthe basis of objective information
about the diesel locomotive operating conditiond dresel fuel consumption in the
operation; the increase of reliability of powermlavork as a result of timely detection
and prevention of emergency operation, the imprargmof technical and heat
engineering condition of diesel locomotive.

The subsystem of control the diesel fuel quantitthie diesel locomotive tanks is
one of the most important components of the cootisucontrol systems of diesel
locomotive parameters in the operation. The expeeeshows that it is the measuring
of diesel fuel quantity, which allows solving tlesks of assessing the diesel fuel use for
the train traction, as far as it provides the puBi of quantity control of not only
consumed, but also of filled diesel fuel [Molchark04].

The main factors, which influence the diesel fueinsumption by diesel
locomotive during the operation at the iron-andebkpdant, are observed in a number of
works [The manual 1967]. The main amount of tramspwork at the industrial
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enterprises is done by shunting locomotives, whiohfar are not equipped with the
devices of automatized assessment of diesel fursluroption.

It has been revealed that technical rates of diestlrationing for the shunting
operation are not set, that is why the fuel condionprates are defined by practice.
There is no data about the traction-energetic tegisn certificates for shunting
locomotives of class TGM, TEM and others in the M&n[1967]. On the basis of
analysis of given methods, the necessity of dedirtime initial rate of diesel fuel nO
consumption for the diesel locomotives of statebsbs and average power of diesel
locomotives Np, used on different sectors of enterprises, has fmrend out.

Since in the first decade of new millennium it Haeen predicted the end of
service life of diesel locomotives, produced durihg Soviet Union time, the board of
Ukrzaliznitsya had to develop the strategy of pmgvihe transport work on the rail
tracks in Ukraine. The main directions of develgpthe diesel locomotive sector of
Ukrzaliznitsya and its technical re-equipment wéoemulated there [The strategy
1998].

All the diesel locomotives, produced by the plavitl reach the end of its service
life till the end of the Program on the reformiregl transport.

The problem ofrolling stock replacement is being solved at the expefise o
increasing the efficiency and usage of todagling stock through modernization and
prolonging the service life of today's rolling sktoat the expense of overhaul
reconditioning. The modernization also gives thegtality to improve technical and
economical rates of diesel locomotive work, an@ &simprove its ergonomic rates, to
increase power and traction parameters of diessniotive [Dzetsina 2010]. The
example can be OAO “Teplovozoremontniy zavod” (Op8& “The diesel locomotive
repair plant”) in Poltava. It carries out the complmodernization of shunting
locomotives ChME3, TEM7 and others, produced bycGzepublic.

The parameters of diesel locomotives before aret afodernization are shown in
the tables 1 and 2.

As it can be seen from the table 1 and 2, the nthé@sel engines under
modernization are the diesel locomotives of clad9,0produced by diesel locomotive
plant in Kolomna (Russia).

The family of diesel engines, produced in Kolomhas different energy forcing
depending on the purpose of diesel locomotive. fiita@n parameters of diesels are
given in the table 3.

The heat engineering condition influences the diasel consumption by diesel
locomotive.

The diesel fuel equipment, piston-cylinder-unitibiacompressor and discharge
section of gas-air flow duct are ones of the majoits and diesel devices, which
influence the diesel fuel consumption. In all treses of disturbance into the normal
process of diesel fuel combustion, the efficien€ydiesel engine deteriorates and the
exhaust opacity increases.

During driving the train, the locomotive driver shd choose the most
advantageous mode of diesel operating and genesatpto use skillfully the kinetic
energy of train, and also antiskid and brake memsupport constantly the optimal
temperate of oil and cooling water in the diesd, lang as the decrease of oil's
temperature on 4-% increases the diesel fuel consumption on 1%.
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Table 1.Comparative parameters of majp diesel locomotivelsefore and after m%dernization
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For the purpose of economic diesel fuel use, theraifpn manuals should be
created in every locomotive depot on the basis @fegalization best practices of
driving trains in the diesel locomotive sector. $ienanuals should contain the most
rational positions of controller, the speed on tifaek, the place of applying the brake
and other recommendations. It should be also ntitatl the disfunction of fine and
primary purification filters of diesel furl and pind also air filters leads to the overuse
of diesel fuel.
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There is great loss during drain, storage andjlibf the diesel fuel to the tanks
of diesel locomotives.

One of the elements of saving is the establishroétechnically-based rates of
diesel fuel consumption and their systematic deerest the expense of better use of
diesel locomotive’s energy, skillful driving, thadrease of technical level of technical
equipment repair, diesel-generator set and maintaihe diesel locomotive in the good
work order during operation.

Table 3.The basic parameters of working processes of mainadifications
of four-cycle diesel engines D49

Parameters D49

Efficient cylinder capacitNeC , h.p. 125 150 187 250
Number of revolution§l per minute 1000 1000 | 1000 | 1000
Mean effective pressupe in kg/cn? 8,16 7,79 | 12,23| 16,3
Boost pressurg, in kglcn? 1,92 228 | 2,16 | 2,75
The air temperature after compressan °C . 98 122 117 150
The air temperature after air-cootemn °C 98 122 63 70
Indicated eﬂiciencyqi 0,475 | 0,465| 0,46 | 0,455
Mechanical efficiency;m 0,811 | 0,848 | 0,873 | 0,905
Effective efficiency/7e 0,385 | 0,394 | 0,402 | 0,412
Specific diesel fuel consumption in g (h.p. perfiou

Indicatedgi 128,1 134 | 135.3| 135,75

Effective g, 158 | 158 | 155 | 150
Excess air factob(' 2.3 2.2 2,0 2,0
The temperature of exhaust fumes before the turine’C 520 570 | 610 650

The rate of diesel fuel consumption for diesel lnotives is set on 10,000 t-kms
gross in the trains with single and double-headgind operation; on 100 locomotive-
km during single movement (reserve, pushing); oa bour of shunting operation and
one hour of staying idle in the working conditidrhese rates are created on the basis of
service, types of traffic and classes of locomative

Locomotive’s crews should always know and contnel diesel fuel consumption
in every trip.

Nowadays the assessment and analysis of diesel duesumption in the
locomotive depots is being carried out on the babidata, put by the drivers into the
running schedule. At the beginning and at the dnghift, the drivers visually estimate
the amount of diesel fuel in the tank accordinghi fuel rack or gage glass. The diesel
fuel volume flow is estimated by the difference nmeasurements. The diesel fuel
consumption by mass is estimated on the basis lofme flow and designated diesel
fuel density, which is stated in the locomotivevigng.

The works on introduction of fuel measuring systeans being carried out in
some depots and sections of the tracks [Molchal®@®4R They register the temporary
characteristics of diesel locomotive work with stgtthe idle and traffic condition, the
work of diesel on the idle running, under the leadl stopped diesel, the temporary
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characteristics of diesel locomotive’'s running undlee traction and running-out,

average road speed and average fuel consumptien Tae expenses during diesel
locomotive’s running under the traction (with loaah)d on the idle running with the

stating out the diesel fuel amount, given durinyiseng, are being separated from the
total amount of diesel fuel consumption. The assess of diesel fuel consumption by
diesel locomotive during the shift is being carriedt with taking into account the

operation of diesel during idle running and under bbad. The determining of diesel
fuel saving or excessive consumption during thé shibeing done by comparing the
actual expenses with calculated value.

There are many methods of obtaining the calculatellie of diesel fuel
consumption. The big amount of works is dedicatedthie designing the efficient
methods of rationing and analyzing the diesel fo@hsumption. The most famous
works belong to the following authors: A.A. BaklandA.l. Volodin, A.l. Dolinzhev,
G.A. llyin, N.N. Kornev, P.L. Korkhovoy, E.E. Kosp.M. Kostromin, A.P. Novikov,
S.S. Petrakovkiy, B.G. Postol, Yu.E. Prosvirov, D¥vaev, E.D. Tartakovskiy, V.N.
Tveritin, A.V. Tolkachev, N.M. Khutoryanskiy, N.Aufrynskiy and others.

The methods of rationing the diesel fuel consunmpéite given in the fig. 1.

| THE METHODS OF RATIONING |

v

Experimental methods|

| Calculation |

mathnd

Analytical Statistical
_>|The trip with dynamometric car

Tractive Regression
| Tactve | hodes
The trip with standard meter or
>
> Balance Multiple
calculatior > correlatior
By influence Multipl . .
— coefficien > ultiple The selection from running
classificatiol —P

Fig. 1. The methods of rationing energy consumption

The calculation-analytical methods are based on l#ves of saving and
transforming energy under the following assumptiahe idealization of movement
process during the shunting operations and gravitinting, the constancy of Tractive-
energetic characteristics of shunting locomotivesing) the operation, the input of
influence coefficient of operation factors.

Calculation-statistical methods are based on thehenaatical treatment of
Tractive-energetic tests, initial and periodicadaging.
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Operational methods use the results of long-terpeB&nce of heat engineering
groups of locomotive’s depots on the rationing €eliésel consumption.

In different times, different authors suggestedriethods of rationing the diesel
fuel consumption in the operating conditions. Tlodofving formulas by different
authors can serve as the examples.

The formula by Dolinzhev A. [19601):[3’35[6“45 *i) , gXF’ ;Q'
n

where: b- is cost per unit of standard fuel, kg/10kms gross; ¢y, - is main
specific resistance to train movement, N/KN;- is additional resistance to train
movement, N/kN;p- is the coefficient of efficiency of diesel locothe; ¢ - is the
diesel fuel consumption during idle running, kg peur; P, Q—the weight of train and
locomotive respectively, t;

The formula by Tveritin V. and Korkhovoy P. [196}= _ B,(60 |
Qw, o

avt

where: B, - is the diesel fuel consumption by diesel locor®in the traction condition

per hour, kg per houl ,, - is the average technical speed of train, km per.hou
The formula by Molyarchuk V. [1966k= gk [k OkOk+ ZA e+ J& QK.

where: g - is the initial rate, kg/l‘h).km.gross;kﬂ, k,, k, k- the influence coefficient

of rate stating factorsz' - is a number of stops, set by train running scleeda 100
train-km; Ae, - is the diesel fuel consumption on one stop, reteto 100 train-km,

kg/100 t.km;k - is the coefficient of train idle running, calctéd by working time ratio
of diesel locomotive in the idle running to thealcdmount of time of train running -

is the specific diesel fuel consumption per onertafudle running;Q, - is the ratio of
time of stops to the total amount of time of treumning; k! - is the coefficient of diesel

locomotive idle running, which is defined as aaoaif diesel locomotive working time
during stops to total duration of stops.
The formula by Novikov  A. and Sivaev D. [1971]:

e=¢ +Ag +Aeg,, +2Ae

st?
where: g - is the main component of specific diesel fuel stonption, kg/1t

tkm.gross; Ae,Ae,,Ae, - are the additional components of diesel fuel oamgion,

caused by corresponding change of loading the wages, number of empty wagons
and train stops.

It is necessary to note that the majority of wodks rationing the diesel fuel
consumption in the operation is based on statistifarmation and refers to main
diesel locomotives. A number of works on rationithg diesel fuel consumption by
shunting locomotives have been done during theykests.

Many others state the fact the heat engineeringliion of diesel locomotive
influence greatly the diesel fuel consumption. fgkinto account the fact of mass
modernization of diesel locomotives, in which tleplacement of power units in diesel
locomotives takes place, which served its life ¢ tdiesels of/149 class, the
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prospective can be the creating of method of ratmpmthe diesel fuel consumption in
the operation on the basis of parameters, chaiaeteby heat engineering condition of
diesel locomotive.

10.

11.

12.

13

CONCLUSIONS

. The operation efficiency is achieved on the badi®hjective information about

modes of diesel locomotive operation and diesdldaesumption in the operation.

. There are different ways of obtaining this inforimat and they are defined by

designated task and financial possibilities.

. The majority of enterprises carry out the moderniraat the expense of diesel

locomotives of diesel locomotive plant in Kolomna.

. Having the data on the results on heat engineenipgriments of diesel locomotives

of D49 class, it is possible to specify the caltiala method of rationing the diesel
fuel consumption by diesel locomotives in the ofiera
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K BOIIPOCY SHEPTETUYECKOM 3®PEKTUBHOCTH
ITPOMBIINJIEHHBIX TOKOMOTHUBOB
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AHHOTauHﬂ. Beimonaen ananms PE3YJIbTATOB HUCCICAOBAaHUS pacxoJia TOIJIMBA TEILIOBO30B. PaCCMOTpeHI)I
CTPYKTYpa U Ppas3jIu4YHBIC BapHaHTBl OIPEACICHUA HOPMBI pacxoa TOIUIMBa MIPOMBINIICHHBIMU
JIOKOMOTHUBaMH.
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THE INFLUENCE OF A RAIL LATERAL BENDING ON
THE STRESS — STRAIN STATE OF A WHEEL - RAIL CONTACT

Alexander Golubenko, Alexander Kostyukevich,
llya Tsyganovskiy, Vladimir Nozhenko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The aim of the article is to evaluate the influen€ea rail lateral bending on wheel — rail contact
interaction. At first the rail lateral bending isodeled using FEM and then the normal contact prokke
solved with and without results obtained; the satioh results are given.

Key words: rail lateral bending, wheel — rail contact, norpaiblem

INTRODUCTION

Traditionally the wheel — rail contact is divideda the normal and the tangential
problems. The aim of solving the normal problemc@tact patch shape and size
detection, and also normal pressure distributiothinj while the aim of solving the
tangential problem — wheel — rail coupling forcdimiéon using data achieved from
normal program solution. This division is usuallysiified because the friction has
negligible influence on contact patch size and sues distribution if the bodies are
treated as elastic ones. The division is necedsarthe simplification of the solution
since the treatment of the contact problem in gdrease, when the contact area is not
known a priori, is still not achieved.

Only a finite number of treatises is known, thasdée the approximative
analytical solutions of different contact probletasses [Hertz 1881], [Carter 1926],
[Cattaneo 1938], [Mindlin 1949], [Mossakovskiy 1956Therefore the various
numerical methods are used to solve the wheell-€gatact problem today: variational
and non-variational methods, and also finite anghidary elements methods.

The variational principle use the modern variatioatulus ideas and methods.
Its foundations were laid by Signorini [SignorirfB35] and for elastic bodies in contact
are advanced by Kalker [Kalker 1990], Golubenko dlubenko 1993], Boucly and
Nelias [Boucly 2007]. Despite the variational inatities theory progress, the solution
of the contact problem entails great difficultiehe problem is posed in a three-
dimensional formulation; when replacing the covacinequalities by the sequence of
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variational ones, that have an equivalent extrefimahulation, one need to solve the
linear programming task (which is complicated fsdbr several times to obtain
solution

The nonvariational principle has a basic in a dtadscontact problem
formulation in the form of equality and inequalitpnstraints on contact surface. A
search of solution for a contact problem may regmmes sequence of elasticity theory
problems with qualifying boundary conditions, thdéfines the terms of contact
interaction (works [Johnson 1985.], [KostyukevicB91], [Yazykov 2004], [Bokiy
2006]). The disadvantage of this approach is thatbtain a solution one need to solve
the elasticity theory problem for several timescd@nvergence of the iterative process
for obtaining a solution is not theoretically prdyehough it turns out well to get a
numerical result with a desirable precision in ficac

Due to the increase in efficiency of modern commytnachinery during the last
two decades the finite elements method (FEM) isewided for simulating a wheel —
rail contact (works [Telliskivi 2001], [Damme 2006]Zhao 2009]). The main
advantages of FEM are: highly realistic results &&nobtained; no restrictions on
geometry of contact surfaces; complex material biela models. However grids in
FEM models contain tens and even hundreds thousianddes, that make calculations
sufficiently time consuming.

Boundary elements method (BEM) is extremely suédbolr contact modeling,
because unlike FEM only surfaces of contacting ésdliave to be discretized. Besides
that BEM is semy-analytical, that make it more aate, especially for high stress
concentration provlems. However even that the diyaof computational nodes in the
grid is much smaller than in FEM, the matrixes mo@ — symmetrical and dense, that
makes calculations time consuming too. An applicatf BEM for wheel — rail contact
problems is studied in [Rudas 2000], [Abascal 2010]

As it can be seen, a wide range of contact modett ® define the wheel-rail
interaction. Having the aim to compare accuracy eifidiency of existing theoretical
models of wheel — rail contact and those that balldeveloped, a group of researchers
of Manchester Metropolitan University have prombsmntact benchmark [lwnicki
2006]. The benchmark consists of prescribed sintjeel or wheelset contact study and
dynamical vehicle simulation. According to benchkparormal and tangential contact
problems are considered. For normal contact prottheninputs are the wheel and ralil
profiles and their mutual orientation (lateral disgement and yaw angle), and vertical
load on wheelset. However the rail lateral bendimgn the wheelset balances in track
gauge is not provided in. At the same time it idlweown from literature that the
lateral load from wheel to rail can obtain val38s— 40 kN even on straight track. This
paper aims to evaluate the rail lateral bendinigiérfce on wheel — rail contact.

WHEEL — RAIL CONTACT MODELING

Rail lateral bending was simulated using Ansys F&Ntware [Ansys]. The 3D
model of UIC60 rail having length 1m was developEle obtained value was meshed
with 3-D 10-node tetrahedral structural solid elatseSolid92. To avoid rail plastic
deformation , in the area of load applicationddhé of the rail) the mesh was refined.
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The lateral force of 30 kN was uniformly distribdten small part of rail surface (see
fig.1).

The structural FEM analyses was performed with tebanodel. The maximal
lateral displacement was obtained in the top pofnniddle section and has value of
0,2435 mm.

The normal contact problem was solved using the ifieod method [Bokiy
2006], assuming frictionless contact.

Fig. 1. 3D FEM model of the rail

Let's consider contact interaction of two elastiodles, each of them is
connected with rigid body — rigid support. It iscapted that we can assume the contact
surface is flat at any moment of interaction process and lays in a common tangen
planerz, which passes through the initial contact p@mntlt is assumed that wave and
inertial effects are negligible. The interactiondsfined with A,(t) function, which
represents forward approach of rigid supports.

Let’s introduceOxyz Cartesian coordinate system, which is linked twelobody
(i =1). Let's put the origin t®, Ox and Oyaxes are placed m, Oz axis points
inside the lower body..

Let's denote normal contact pressure BYs,t); and w(st) is a relative
displacement function of interacting bodies alarxis, defined irg point:

Ws,t) =W (1) ~w, () + F(5) =, (1), (1)
where: w; (s,t) - elastic displacements of bodies surfacdés) - initial gap between
the bodies. Then the contact interaction conditiave the form:

wWs,t)=0, P(sit)=0 , RstHwst) =0, sOQ, tO[0,T]. (2)

Here Q is assumed contact area.

Let’s assume that following relationship takes plac

W —w, = AR, 3)
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A is a linear integral operator with integration domW . If we approximate
bodies with elastic half-spaces , then kernelsdafned with Boussinesque-Cerrultti
formulas for unit load acting upon the elastic ygdhce. Then (1) takes form:

Ws,t) = AR, + £(s) =1, (1) . 4)(

If we substitute the above expressionwfé,t) in (2), we will get the
relationship, which P,(s,t) must be satisfied. This relationship is equal iteedr
operator equation relative 8, (s,t) :

P, (xy) = h(P, ~ED(F,)) ,

D(R,) = AR+ f(xy)-4,(1), (5)
_|» y=0
h(y) —{o’ y<0

where: x, yOW, E(x y) - arbitrary positive function.

The contact pressure determination came to findRygx, y,t) function, defined
on set Qx[0,T], which satisfies (5) and initial conditiond?, (x,y,0)=0 for all
(xy)dQ; A(0)=0.

To get the approximate solution of (5) let's pratde it's discrete analogue.
Let's divide the loading proced®,T] into | intervals (ty.t;),(t;,t5) . ..., (t.t).
The assumed contact a®ais covered with grid which consists & similar quadric
elementsQ; (i =1 N) with sides parallel t®x, Oy axes. The normal contact pressure
pi(t,) and also the corresponding elastic displacememtevery boundary element
Q, in time t,, are constant within the element and equal to wloe(x,y;) - Q;

elements center.

Based on the discretization made and taking in& abcount that the normal
problem solution under continuous loading doesmpehd on loading history, for
contact pressure definition in timg, we arrive to the next system of equations :

pi(tm) = h(y| (tm)) ’
Viltn) = Piltn) —E, (ki_lai,k B t) + 0 (tm) @)

gi(tm) = f()ﬂ 'yi)_Az(tm) )
where:i=LN, m=11,E >0, a4 are the coefficients of flexibility matrix, deéad
according to A kernel formulas. Ifi = j and quadric boundary elemefX;, with side
h:
&, =4c,In(L++/2)
If i# ] then the distributed load on elemedt is replaced with resultant force
acting on the element’s center:
= G4

ai,'
. Bi
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2
where:i, j =LN, w=megQ,), o5 =+/( - x)>+(%; - y;)? . q=zl,g -

For solving the system of equation (7) we can applylinear analogue of Seidel
method for linear equations system. Let's assuna ¢m (m-1) step the contact

pressures are known and equalgg(t,,;) , (k=1 N), and E; =1/4; (i=1N), then
on m step contact pressurgg (t,,) can be found using the following iterative process

pin+l(tm) = h(yin+l(tm))

n__ 1S n ST .
Vi - a l(z:lal,kpk (tm)+ zal,kpk(tm)+g|(tm)
)| =

k=i+1

gi(tm) = f()ﬂ 'yi)_Az(tm)
As a criterion of stopping the iteration processanh load step is suitable to use
rms difference

J,ﬁ > (PE )~ PR <2
k=1

The given algorithm of solving the normal contactkgem was realized as a
software in C++ Buider 6.0 programming environment.

For a numerical simulation the wheel S1002 and EHIC60 profiles from
Manchester Contact Benchmark were used. Thoselggdire depicted on fig.2. The
other inputs are: Wheel rolling radius=460 mm, @Gawidth=1435 mm, Flange-back
spacing=1360, Vertical load=100 kN, Young's modulls = 2.1x13" I1a, Poisson
ratio v =0.28.

r -1

Z=Axis

Fig. 2. Wheel and rail profiles [lwnicki 2006]

The initial contact points locations were definesing algorithm introduced in
[Kostyukevich 1991].

The simulation results are shown on fig.3. The Wiz rail profiles without
rail bending are drawn with a solid green line, ahd one with rail bending with a
dashed gray line.. It must be admitted that trenging in position of wheel profile is
connected with the lateral rolling motion of the eglset. The points of initial contact
with and without bending are marked with maroowles.

As it can be seen from the figure, a rail bendiag & significant impact upon the
size and a shape of a contact patch. In Case bhqutitrail bending) the maximum
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pressure is 1175 MPa, the contact patch area 185 In Case 2 (with rail bending)
the maximum pressure is 1330 MPa, , the contacthpatea - 127 mfm Hence, the
difference between the contact patches’ area esce@¥h.

Fig.3. The normal problem solution results (1 —withrail bending, 2 — with one)

CONCLUSIONS

The mathematical model of normal contact betweenvtheel and the rail is
developed. It is shown that the solution of thenmalr contact problem without rail
lateral bending may lead to significant (over 3@¥prs in contact area detection.
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BJIMAHUE BOKOBOI'O OTKATHUSA PEJIBCA HA HAITPSIPKEHHO —
JE®OPMHUPOBAHHOE COCTOAHHUE B KOHTAKTE «KOJIECO - PEJIBC»

Auexcanap Iosny6enko, Anexkcanap KoctioxkeBuy,
Habs Lbiranoscekuii, Bragumup Hoxenko

AHHOTAIMS. HCIII)IO JIAaHHOM CTaThU SBJISATCS OICHKA GOKOBOTO OTXKATHS peiibCa Ha nponecc B3aUMOJICHCTBUS
KoJieca € pEIIbCOM. CHavana OOKOBOE OT)KaTHE peiabca MOACIHUPYETCA C IOMOLIBIO METOJAa KOHCYHBIX
DJIEMEHTOB, a 3aTE€M pEHIacTCs HOpMaJibHass KOHTAKTHas 3aJlada ¢ Y4€TOM IIOJIYYCHHBIX PE3YJIbTaTOB U 663;
TIPUBEJACHBI PE3YJIHTAThI YUCIICHHOT'O MOJACIUPOBAHUS.

KiioueBbie ¢jioBa: 60KOBOE OT)KATHE penbca, KOHTAKT «KOJIECO - PEJILC>», HOpMaJIbHas 3a1a4a
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BIOMASS STANDARDIZATION AS A BASE
FOR ITS SUFFICIENT USE
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Summary. The article provides technical and economic chartic of terms and methods that ensure
higher economic and ecological sufficiency of usafedifferent types of local fuel on the grounds of
biomass. It also determines the proficiency of fgasification on the grounds of biomasses for paihat
allows creating terms for their complex standartiira

Key words: biomass, standardization, gasification, gas-geaerat

INTRODUCTION

There are three Laws adopted in the field of refdevanergy in Ukraine, 42
National Standards are approved, seven Nationgr&nts are on. Biomass is the fourth
world significant fuel covering 1250 min. of ton$ equivalent fuel totaling 15 % of
primary sources in the world (up to 45 % in develgpcountries). According to the
forecasts of World Energy Council [1] the part @drhass will total from 350 to 800
min. of tons of equivalent fuel, or 42-46% of totadcavating fuels until 2028. This
proves the formation of powerful world market oéflbiomass.

Energy Equipment that works on the biofuel hasatentequirements to fuel, the
adhering of which determines it energy sufficiendyrability and technical and
economic indexes. That is why the main issue orUtkrainian energy resources market
is to provide status of standardized energy resotarbiomass.

OBJECTS AND PROBLEMS

Vegetable wastes are various according the natmetgre and technological
waste structure in the end of processing or praicggsimary raw material. As a result
we have different physical and chemical peculiesitof wastes for fuel that depend on
the terms of growth, processing technology, climatel soil. However, the most
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important characteristics from the point of viewusfage of them as energy resources
(combustion heat of unit, chemical composition)sey close [2].

The classification of vegetable wastes accordinigstform and size of fuel part
allows not only to research the diversity of wasitedJkraine it is also useful for
studying their characteristics and for choosingpration technology and usage.

The base of the suggested classification of vetgetaiste (seven classes are
reviewed) is their main biological feature thatetaiines natural form of plant or the
one that we get as a result of gathering and pyirpancessing. The classification of
solid biofuels starts with determining origin whicln be subdivided into following
groups: biofuels on the base of wooden wastesuéisfon the base of grass wastes,
biofuels on the base of secondary biomass. Theactwistics of classes of vegetable
wastes were determined by the next physical festwstem, grain of two size classes,
leaf, and characteristics of wooden waste — bysthtielity of wood species.

Each class affiliates with subclasses that combiastes with more individual
structure peculiarities, and, finally, the subgrasisubdivided into separate groups of
vegetable wastes groups with sole physical chaiatts.

Additional opportunity of classification of vegetabfuel is according to its
improvement. Not-improved fuel is the one when pi the raw material is not
chapped or packed with any change of mechanic jeeitigds. Such type of fuel
includes traditional wood, chock, chips, pressedodem wastes, wood processing
wastes (saws, chips). Accordingly, the improvedlude fuels the mechanical
peculiarities change in the preparation stageiff&tance, pellets or cakes).

Wooden fuel biomass is subdivided into the one fforast trees, energetic trees
and secondary use (disposed wastes).

Fuel biomass is represented by the varity of playsiorms that specify the
diversity of it processing to fuel technologies.[3]

The chemical composition of biomass (representedryn ash-free condition)
more finished by its composition than in other ddliels. The main characteristics of
fuel that specify the possibility and appropriatenef its gasification are: mechanical
possibility, ash content, composition of organic smjaheat production. The heat
production can be determined for the dry-and-asb-fuel on operational fuel. The heat
production of dry-and-ash-free fuel is determingdh®e amount of heat that is released
by the dry-and-ash-free components. Besides thieendtiel contains metal — mineral
mixtures (ash) and water that decrease heat piigdyadf fuel when combusting it.
The heating effect when combusting or gasificatb kg of fuel is determined by the
composition of dry-and-ash-free mass and the amofumetal in fuel, in other words
by the composition of operating fuel.

The quality estimation of gas generated fuel adogrdo high level of heat

production on dry-and-ash-free maQ,g() does not give anything distorting its quality.
Instead we should use low heat production of opegdtel (an) that migh total up to

50% of Q.

The less metal the fuel contains the better fuedratteristics and higher
caloricity.
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p
Formula —>

(operation heat production of fuel coefficient)vented
\"
proportionally to content of metal in fuel — astdanoisture:
p
m _ n
Ny = Qs (100%. )(1
\

This coefficient allows giving total estimation foiel quality according to its heat
production in metal content. The decrease of negatent in fuel increases its quality
that is why it is a significant qualification featu

In order to create reasonable terms for carryinggasification process the fuel
shall have certain minimal moisture content. Therelase of moisture to below set one
might affect gasification process and quality ofigi@ted gas. It is important to define

best definition ofl7;1, which might serve as general criteria for différeypes of solid

fuels. Furthermore, different sources consideredéfit meaning of biomass moisture.
Thereby some scientists estimate moisture accotdiige factual biomass weight (2),
others according to their dry weight (3).
M-C
M

MCW = M 3)
C

where:M is factual weight( is dry weight.
On the grounds of gasification practice and théoaktyeneralization in this field

we know [7] that the best content of weigMP” and minimum possible content of ash
AP for different types of fuel that varies within figes stated in table 1. Those values
define the best Ieveﬂ];1 for different typrs of fuel.

Comparing the obtained value!ﬁ:1 with the fuel characteristics in the view of

their gasification it is easy to determine theirrespondence.

The calculation give the opportunity to divide fleted above fuels according to
their heat production qualities into four groub(e 2).

The estimation of fuels by their heat productionraa be limited by the stated
above calculations. We should define the fuel comgtion in kilograms and Joule per 1
kW of output power. When researching we obtainegd && different types of fuel and
equipment of different power, the equivalents ditsfuels to petroleum — standardized
fuel that can serve as ethanol.

In order to estimate the quality of fuels when gsthem in gas generating
installments of transport type it is important tookv the amount of heat which is
released by the volume unit of fuel (for instaricépr 1m°), because the amount of fuel
that can be processed in gas generator is definthdywolume of tank, while the
calculation set forth the loaded fuel mass.



88 Anna Golubenko, Nataliya Teyeva, Oleksandr Mulyar, Oleksandr Romanushun

Table 1.The best content of moisture and minimally possibleontent of ash
for different types of fuel

Content, % Best value,
Type of gas generated fuel AP WP ,7;1
1 2 3 4

Birch chops 0,7 18 71,0
Birch coal 0,9 10 89,0
Top peat 4,0 30 59,5
Peat briquettes 5,0 15 78,4
Peat charred coal 6,0 8 84,1
Brown coal 5,0 18 57,9
Blind coal 3,0 82,1
Semi charred coal 4,0 86,2
Wooden coal briquettes 2,0 6 90,0
Briquettes from agriculture wastes 5,0 12 76,5
Soft species pellets 0,5 10 83,8
Solid species pellets 0,4 8 84,3

Table 2.The classification of fuels by their heat productia characteristics

Fuel Group| Value ,7:1 Fuel Quality
1 2 3
I More than 90 Excellent
Il From 85t0 90 [High
1] From 80to 85 |Good
\Y From 65 to 80 [Satisfactory

\Y Less than 65

Undervalued

Therefore the heat production of fuel shall beriby:

Q9
100C

:QI'

where: Q, — is heat production of 1 kg of fuel, Joule,
q — volumetric (loading) weight of & fuel,

(4)
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Q — heat production 1 | of fuel, Joule.

The correlation of& gives the value of unit density of fuel that cam b
k
expressed through the coefficient of heat derisity

=2 noa
Q (5)

This coefficient allows estimating heat productiof fuel including such
significant index as a loading weight. The fuel ratderistics give comparative
estimation by the most important index — heat petida including ash content,
moisture and volumetric weight.

However, the decisive indexes of fuel quality uedas generating installments
is the quality of generating gas, amount of gas weibtain from unit volume of fuel,
heat production. Those indexes varies for diffetgpes of fuels depending on their
content. The content of metal in fuel chops thet hefaits burning, as a result of
correspondent decrease of amount of dry-and-ashAfiess. That is why, the fuels with
the constant content of dry-and-ash-free mass atidlittle of ash content, the burning
heat is defined by the moisture content. Excepbararand hydrogen the dry-and-ash-
free mass contains nitrogen gas and oxygen. Eaclemteof nitrogen gas decrease heat
when burning up to 1 %. The amount of nitrogen gesliry-and-ash-free mass is
miserable (less than 1 %) therefore it affectsti@ lon heat burning of fuel biomass.

Each percent of chemically connected oxygen thatatos in dry-and-ash-free
mass additionally decreases burning heat up tckd/14q.

In order to conduct comparative estimation of fueésneed to consider physical
and chemical features necessary for ensuring peraese of gasification process. They
include: 1) reactivity; 2) volatile matters conteB} the nature of charred coal remains;
4) mechanical strength; 5) lightness of gasifiaati®) transportability.

There is no final index of gasification index amalidly of solid fuel on the
grounds of biomass. It is very difficult to obtalne to the amount of factors that define
this index. In order to ease classification andication of fuels we need to implement
index in the form of scale of using easiness of faoe gasification in gas generating
installments. The project of classification in generating fuels by their sufficiency to
use is represented in table 3. This peculiarityeiter to standardize.

It is clear that each solid fuel requires spe@ainis regarding to the construction
of gas generator. The experience of different tygfesolid duels showed that they can
be divided into five big groups that define the ickoof gas generator construction. The
unification of construction of gas generator thasdd on standardization of output gas
generating fuels, simplifies the issue of their as&l manufacture, which, in its turn
allows decreasing their price. The possibility ekijication of various types of fuels in
generator of one type extends the use in diffaregibns of Ukraine.
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Table 3.The classification of gas generating fuels by theificiency to use

Class of us;
for Description Type of fuel
gasification
1 2 3

No difficulty. Can be used without preparaf
| operations. Possibility of automated f{\Wooden pellets.
feeding.

Wooden coal (when correlation
its sizesof technical requirement:
wooden briquettes.

No difficulty. Can be used with preparat]
operations.

Previous fuel processing is necessary (dry

. Wooden chops, wooden coal.
chopping).

Upfront selection, processing or enrichmen

fuel is necessary and also additional work w Peat, peat briquette, brown c

v operating gas generator (clearing mseml charred coal of coal, p
: coal.
stoking fuel, etc.).
The use of fuel is possible only af
complicated processing (briquetting, ther|Brown coal and peat with increas
Vv processing, etc.) or special selection of speash content, coal (increag
When operating there might be difficulties|quality), anthracite, coal. Straw
ensure normal work of gas generalbriquettes.
installment.
Using fuel within Trading and Tarif
VI Agreem@ét by physical and chemicCOal

peculiarities is difficult and not reasona
economic wise.

CONCLUSIONS

The combination of experiment and theory is natfoalgasification in transport
gas generators in contemporary machinery buildialgl.f This is conditioned by the
deficit of technical information and research résuDue to these facts we provided the
extended analysis of perspective of standardizatf@olid fuels on the base of biomass
in order to substitute excavating fuels is of digant value.

The adoption of standards for biofuel will creatmditions for setting market of
fuel biomass, the need for which initiates creatidrenergetic plantations in woodless
regions of Ukraine, creating of which has a sigaifit social and economic aspect —
will give an opportunity to open labor vacancies @mcrease the living level of people.

The standardized energy resource status will creatalitions for vigorous
development of energy market in Ukraine and enstaiele characteristics of equipment
that works on fuel biomass.
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CTAHIAPTU3AIIUSA BUOMACCHI, KAK OCHOBA
EE DOOEKTUBHOI'O HCITIOJIb30BAHUSA

AnHna I'ony6enko, Hatanbsa IlusenkoBa, Anexcanap Myasp, Ajnexcanap Pomanummn

AHHOTanmus. B craThe MpeACTaBICHa TEXHHKO-5KOHOMMYECKAs XapaKTEPHCTHKA YCIOBHIl M METOOB,
00€CIIeUNBAOINX HAMBBICIIYI0 IKOHOMHKO-OKOJIOTHYECKYI0 3((MEKTHBHOCTD HCIIOIB30BAHUS PA3IIMYHBIX
BHJIOB MECTHOTO TOILIMBA HAa OCHOBE Ouomacchl. Ompesernsiercss peHTabenbHOCTh HCIIONB30BAHMUS TBEP/IBIX
TOIUIMB Ha OCHOBE OMOMAacChl B CHIIOBBIX ILENAX, YTO CO3JACT MPEIANOCBUIKH I HX KOMIUICKCHOMN
CTaH/apTH3ALHH.

KuroueBble ciioBa: 6uomacca, CTaHIapTH3aLus, ra3uduKalis, ra3oreHepaTop.
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INFLUENCE OF OPERATONAL FACTORS ON REDISTRIBUTION
OF WHEEL PAIRS VERTICAL LOADS UPON RAILS

Nikolai Gorbunov, Alexander Kostyukevich,
Kateryna Kravchenko, Maxim Kovtanets

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The article investigates the problem of load reitiation of wheel pairs upon rails in mode of
traction forces realization. Dependences reveailitiigience of operational factors on engagement heig
utilization factor have been obtained on the basisxperiment planning theory. The solution onutagon
of additional loading device effort in operatiotkitey into account obtained dependences has be@oged.

Key words: engagement weight utilization factor (EWUF), expent planning theory, traction qualities,
redistribution of vertical loads of wheel pairs npails, correlation.

INTRODUCTION

Achievement of high traction qualities at designd amperation of modern
locomotive is an actual task. Redistribution of ehpairs static loads upon rails in
operation is the main reason of locomotive tractigualities degradation, their
accelerated wear, increased influence upon rad evel as a result leads to decrease of
rail road transporting and carrying capacity aridreead derangement.

While designing a locomotive, static loads of wheairs static loads upon rails
are supposed to be equal [Konyaev A.N., Spiryadin, 11971]. In reality, they have
certain deviations from calculated values [GorbumbV., Kravchenko K.A., Popov
S.V., 2009]. It is connected with different designd operational factors analysis of
which is presented in scientific papers of GolulerkL. [Golubenko A.L.., 1986],
Gorbunov N.I. [Gorbunov N.I., 1987], Konyaev A.NKdnyaev A.N., 1972] and other
authors [Gorobchenko O.M., 2007, Ilvanov V.N., Bely, A.l., Oganyan E.S., 1979,
Tasang E.N., Yakovenko V.V., Saffron E.N., 2000 i6amov N.I. Kashur A.L., Popov
S.V., Kravchenko K.A., Fesenko A.l., 2008, KravckerK.A., 2010, Gorbunov N.,
Kostyukevich A., Kravchenko K., 2010].

The aim of the given scientific paper is estimatiofi operational factors
influence on locomotive traction qualities. It igrgerally accepted that engagement
weight utilization factor may be effectively usesl @an estimation criterion [Yevstratov
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A.S. 1987, Lions N.V., 1979, Biryukov I.V., SavoskA.N., Burchak G.P., 1992,
Minov D.K., 1965]. Results of mathematical simubatiand experiment planning theory
have been used in providing such estimation.

MAIN MATERIAL AND RESULTS OF INVESTIGATION

Method of experiment planning theory allows to @@&se a number of
experiments substantially and to obtain mathemlatitedel of process under
investigation, to estimate mutual and independefiuénce of every factor on the
process of traction force realization. Method opesment planning provides for the
choice of factors, their levels and intervals ofriaion, determination of system
response, planning matrix compilation, and obtaniof regression equation
[Evdokimov Y.A., Kolesnokov V.l., Teterin A.l., 198 Adler Y.P., Makov E.V.,
Granovsky Y.V., 1971, Gorbunov N.I., Kravchenko K.Ropov S.V., Krysanov M.A.,
Kovtanets M.V., 2009, Kadomskaya K.P., 2002].

As applied to defined problems for carrying out mwital experiment the
following factors been varied: change of the findteel pair diameter caused by wear;
change of locomotive mass due to consumption eiceg materials stock and change
of wheel pair weight caused by wheel tyres wedtuémce of frictional damper in the
first stage of the spring suspending; change offitls¢ and the second stages of the
spring suspending rigidity in the process of operaftabl. 1).

Calculations have been done for six-axes main-isel locomotive PE116
type and four-axes yard diesel locomotileM103 type.

The second stage @EM103 yard diesel locomotive spring suspending has an
increased rigidity — 45H/mm. The results of static simulation proved thgidity of
such a quantity does not affect engagement weitjiization factor. That is why this
factor has not been investigated for a yard diégmsdmotive. Influence analysis of
frictional dampers placed on the first stage oblootive spring suspendinglE116
type, at the expense of spring suspending blockmgsiderably reduces engagement
weight utilization factor. At designing yard locothee TEM103 rationalization
proposal as to placing hydraulic dampers in that ftage of spring suspending has been
made. That is why blocking of spring suspendinglbsnpers has not been considered at
the stage of numerical experiment planning. Thosraber of factors for the main-line
diesel locomotive PE116 equaled six factors, and four factors for ra yacomotive.

For the ZE116 locomotive design a number of pair interrelai equals 15, a
number of triple ones — 20; f(FEM103 locomotive design — pair — 6, triple — 4.

The solution of the problem i.e. establishment epehdence of maximum
engagement weight utilization factor on factorsemidvestigation has been obtained in
the form of following equation:

¥ = (X0 %),

where: f —response functiony,, x, —factors; y =7 .
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Table 1.Critical values of variables

Parameter Locomotive type
TEM103 | 2TE116
Wheel pair weight KH
X 1max 20,51 17,7
% 19,01 16,23
Ximin - 17,5 14,76
Servicing materials weighkH
X omax 553,87 863,3
X, 529,25 813,03
Xomin - 504,62 762,75
Rigidity of the first stage of spring suspending/m
X amax 2,0 2,0
X3 1,9 1,9
X3min - 18 18
Rigidity of the second stage of spring suspendifdim
X gmax - 11,0
X, - 10,4
Xamin - j 9.8
Locomotive wheel radius, m
Xsmax 0,525 0,525
X5 0,5215 0,5215
Xs5min - 0,518 0,518
Friction damper rubbing powexH
X amax B 8,0
Xg - 4,0
X6min - ) 0

Datum point (basic or zero level), around whicheripental points symmetric
to zero level are determined, is chosen to maKars gf numerical experiment. Results
of the experiment based on the chosen set of faaiow to make a model used to
determine values in other points of factor space.

The search of a mathematical model starts withcinesideration of possible
states of the system under investigation.

Regress equations have been obtained in the afsukithematical simulation all
calculations being done using the computer prodgiRlanning experiment for rail-road
transport” (certificateNe 317220t 21.01.2010) developed by the authors of the articl
[Gorbunov NI., Kravchenko K.O., Krisanov M.A., 2010].
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Value EWUF in the centre of the plan faFE2116 equals 0,79875, estimation of
regress equation absolute term — 0,79875. Valu&MIF in the centre of the plan for
TEM103 - 0,86075, estimation of an absolute term3,.86075.

Regress equation of engagement weight utilizateetof Z'E116 locomotive
depending on operation factors in a encode form beagresented as:

1 = 0,79875, +0,00593%, +0,009125, — 0,0028%, + 0,00243%, ~
+0,0115¢ +0,008187% — 0,0001875¢X, +0,0001875(,X; + 1)
~ 0,0005%,Xs + 0,000125¢ X x.

Final regress equation in natural coordinate syssem

1 = - 2514+ 0,0188m,, + 0,00164n,;, - 0,0058851 + 0,004 Gl +

+ 5I9R + 0,053F ;. —0.00000254n,,,Mg, - 0,0243m,, R+ "
+0,00136m,,,F, +0,000037m,, Gl +

~ 0,00285n,,R~ 0,0985RF;, + 0006M,,RF;,,

where: Mup the first wheel pair weightm,, — servicing materials weightGl —

rigidity of the first stage of spring suspendingll - rigidity of the second stage of
spring suspendingk - locomotive wheel radiuss,, - friction damper rubbing power.

Regress equation of engagement weight utilizatamrtof TEM103 locomotive
dependence on operation factors in an encode faynhb® presented as:

n =0,86075, +0,0055¢ + 0004x, + 0,00025¢; — 0,0005x, — 0,00025¢,x, + 3)
+0,00025% X, X3.

Final equation foMEM103 locomotive is:

n = -0582+ 0p75m,, +0,0027m,,, + 0681GI — 0L43R - 0.000135n,,,m,, +

4
+0.0357m,,,GI - 0.00128n, G| + 0.0000675n,,, Mg, Gl @

Obtained regress equations (2) and (4) allow tiomase influence of locomotive
variable in operation factors on EWUF.

Total negative effect resulting from functioning aif factors for the main-line
diesel locomotive PE116 equaled to 8,5 %, for the yard diesel locomestiEM103 -
2,4 %. Influence degree for each of the factordioal parameter (EWUF) has been
determined using pair correlations,§ [Pozhidaev V.F., 2006]. Calculations results are
presented in the diagram (fig. 1), the calculatisihgw that the most negative influence
on the locomotivelEM103 produces pair action of wheel pair weight cleaagd body
weight change resulting from servicing materiats; 2TE116 locomotive — bending
diameter change along the rolling circle takingiatcount wheel pair weatr.
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m wp *M g *GI/

T =0.17
6% M wp
7T =0.81
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Fig. 1. Influence of operational factors on locoivetraction qualities:
a—TEM103; b — ZE116

CONCLUSIONS

Redistribution of vertical loads of wheel pairs ngails produces negative effect
on locomotive traction qualities. Supposition tettic loads of wheel pairs upon rails
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are the same is not true. Calculated values haviatitens from calculated ones which
is connected with different construction and ogerafactors. Conducted investigations
resulted in compiling analytical EWUF dependencesperation factors. It was stated
that total effect of operation factors, locomotl¥&/UF 2TE116 type has been reduced
by 8,5%, locomotivdlEM103 type — by 2,4%.

Incompatibility of engagement weight utilizationcfar to normative demands
may be compensated by setting additional loadiniceebetween body and bogie, their
description and operation have been presented ftinoesl patents [Gorbunov M,
Kashura O.L., Kravchenko K.O., Popov S.V., Kovtan&t.V. Golembievsky K.V.,
2008, Gorbunov N., Kravchenko K.O., Popov S.V., Fesenkd.AGrishchenko S.G.,
Nesterenko M., Lewandowski V.O., 2009, GorbunovIN.Kashura A.L., Kravchenko
K.A., Popov S.V., Dogadin V.A., Bogopolskii E.M.,&sn J.J., 2009]. Effectiveness of
the given solution is confirmed by engagement weighization factor by 6,8%. As
vertical loads of wheel pairs upon rails are change operation, additional loading
device effort should change within the 2% limit flmcomotivesTEM103 type and
within the 6% — limit for locomotivesTE116 type.
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BJIMSAHUE EKCINIYATAIIMOHHBIX ®AKTOPOB HA IIEPEPACIIPEJAEJIEHHUE

BEPTUKAJIBHBIX HAI'PY30K OT KOJIECHBIX ITAP HA PEJIbCbI

Huxkouaii 'opOyHnos, Anexcanap KocriokeBuy,
Exarepuna Kpasuenko, Makcum KosTranen

AHHoOTanus. B cTaThe paccMOTpPEH BOIPOC Iepepaclpe/ielleHus] Harpy30K OT KOJISCHBIX Iap Ha PEelbCHl B
peXUMe peanu3alii TATOBBIX ycuiuil. Ha OCHOBe MCIIONB30BaHUS TEOPHS IUIAHUPOBAHUS DKCIEPUMEHTA
HOJIyYCHbI 3aBMCHMOCTH, MOKAa3bIBAIOIIME BIMAHHE OKCIUTyaTallMOHHBIX (AKTOpOB Ha KO3(PULHEHT
HCIIONB30BAHUS CLEMHOro Beca. IIpenyokeHO pelIeHHe II0 PEerylUpPOBAHUI0 YCWIHS JAOTPYXKAIOIIEro
yCTpoiicTBa B IpoIecce KCILIyaTaHU ¢ YIETOM IIOIyYCHHBIX 3aBHCHMOCTEH.

KiawueBsble cjioBa: KOG)CI)(bI/II_II/IeHT HCIIOJIB30BaHUA CHEITHOTO BE€Ca, TEOpUS IUIAaHHPOBAHUSA DKCIIEPHUMEHTA,
TSATOBBIC KA4Y€CTBA, MEPEPACIIPEACIICHNE BEPTUKAIIbHBIX HArpy30K OT KOJIECHBIX I1ap Ha PEIbChI, KOPPEIIALUs.
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ALTERNATIVE FUELS FOR TRANSPORT

Larisa Gubacheva, Alexander Andreev, Daria Shevchéwo

Volodymyr Dahl East-Ukrainian National Universityygansk, Ukraine

Summary. The review of automotive gas generators to prodigcerator gas for internal combustion engines
is made. the properties of different types of gaxipcing fuels and their comparative analysis areswered.
The indicative equivalent of different kinds of fueass to gasoline and diesel fuel, and analysfzioés of
major fuels is shown. A comparative environmentellgsis of various types of fuels is conducted. Tin
parameters of the gasification process, dependintp® type of fuel are calculated. The comparadivalysis

of standards on pellet fuel in Germany, Austria 8mgden is represented.

Key words: automobile gas generator, biofuel, pellets, geaifom options.

INTRODUCTION

In accordance with the National Energy Program kifdihe up to 2010 the need
for fuel resources will amount to 273 million tonefsa.f.\year. Now Ukraine covers its
needs in energy resources at the expense of denmstiuction less than 50%, while
the rest is imported. In addition, the steady declh world reserves of fossil fuels and
their constantly growing price makes energy supptyUkraine one of the most
important national problems. One of the stratedictives is the efficient use of both
renewable and non-renewable energy resources] [1, 2

The alternative to hydrocarbon raw materials fer ititernal combustion engines
operation is the use of transportational gasgeoesathat process the local solid fuel oil
or fossil (wood, peat and brown coals), as weltdasvatives of these fuels (wastes of
timber and wood, plants biomass, mixture of coatdi (upto 25mm) and coal dust, in
ratio 1:2, peat bricks, semi). [Geletukha 1998, Ban?005]

OBJECTS AND PROBLEMS

Produced at present, automotive gasifiers, do eguire any major alterations in
the car are set: on the trailer - towing gas gdoeras «Imbert» company VOLVO,
company «Attik» Ukraine; inside the body of trucksgasification truck, Framce;
between body and cab¥I'K-150 with the size of the gas generator, diamedérdm,
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height 1800 mm, total weight - 300 kg, which useste wood as fuel for engines for
ZIL and GAZ - upto LAZ and LuUAZ, Ltd. «Nasha Eneagi Ukraine, Group of
Companies "Adaptika", Russia; on the the cockpittractor with the gas generator as
“Imbert" France [ Samylin 2005]

A disadvantage of known automobile gas generatarghiat they reduce the
effective area of the vehicle or require the ustaifer.

To increase the effective volume and area of gaeergeor truck body seems
appropriate to create new automated gas-motor hkeshithat would have minimum
dimensions for height in order to install them untihe car body.

One of the variants of solutions to this problenthis separation of the reaction
and bunker zone gasifier. To implement such sejoardt is necessary to choose the
form of solid fuel.

The aim of this work is to choose the solid fuet &utomated gas-producing
installations, that are used for industrial velsclminimised in height and weight.

The fuel for gas-producer vehicles, must have: @ate size pieces; specific
humidity, lowest ash content and ash melting, whibbuld not exceed the established
limits; a certain amount of volatile; high reactywicapacity; sufficient mechanical
strength or abrasion, that the fuel couldn’t bettecad during transportation, storage
and gasification in the gasifier; high specific he@alue; low cost. The last figures
determine the profitability of a particular type fofel, and other parameters affect the
flexibility and stability of the process of gas#itton gas generator vechicle, reliability
of gas generators, frequency of reloading. Accardm indicators, fuel is divided into
classes: 1 - fuel of good quality, 2 — fuel quality quite satisfactory, 3 — fuel of
satisfactory quality. Characteristics of gas-pradgduels are presented in Table.1 [19,
Ovsyanko 2007, Fomin 2005, Yudushkin 1955, Oben#et§98, Shchadov 2007].

Table 1.Characteristics of gas-producing fuels
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Dimensions of fuel affect their bulk density anchsequently on the volume of
equipment, as well as on the efficiency of passageugh the auger feed system for
automated generator sets and attrition. Bulk dgnsa indicator which is associated
with the cost of pellets transporting and storifitne lower price - more expensive
transportation. Bulk density of pellets dependsttmn density of fuel pellets and their
diameter. The density — the rate, which affects efficiency of the furnace, burning
rate, transportation costs, storage. The greatdistdensity is anthracite and then pellets
with low bark. For these fuels is possible to usaker of smaller volume. For screw
feed system of small diameter the use of anthrasit@ost effective and then pellets
with low bark. Moreover, Many well-known modern kiag plants because of the
construction of supply system, work better with @ pellet. Equipment manufacturer
specifies the type and diameter of the pelletsetaded. The use of pellets of other sizes
is not recommended, as to begin with, automatitesyf the boiler is configured for
optimal air flow and pellet diameter of this panii@r, secondly the use of pellets of
larger size than it is recommended, leads to iserdhe stress on the mechanics of the
boiler, that can lead to premature failure of tlyetesm. With regard to abrasion it is
obviously, it will be the smallest of anthracitegedause it has the greatest strength
[Tokarev 1955], and further waste.

Humidity - indicator that affects not only the cdfic value, but also on storage
stability, excluding the self-ignition, minimizinigsses. This indicator also affects the
gas generator, reducing its efficiency. This is ttu¢he fact that part of the energy in
the gasification of wood goes to evaporating théewaontained therein. The smallest
is approximately the same value of moisture contexrst coal and pellets of different
varieties.

Ash content is a necessary measure, as its cont¢im¢ fuel leads to a decrease
in the efficiency of gas generators, complicatesapplication of automation. In the gas
generators the gasification chamber is slaggingi dase of ash with a low melting
point (fuel of the second and third class) and sefdemissions of particulate matter.
The lowest ash content in fuels is in the fueltheffirst, and the highest — of the second
and third class.

Although, that most of the sulfur refers to comihlst matter of fuel - it is a
harmful impurity. Resulting during the combustiofi sulfur dioxide pollutes the
environment and destroys the metal surfaces ofjfisegenerator, purification systems
for gas and engine. From the above data follows tth& most appropriate fuel for the
gasification is the fuel of the first class.

Indicator of volatile substances is used to setbet type of gas generator.
Obviously, for fuel made of wood waste gasifier mbge applied with a reversed
process, and for other fuels — direct gasificafioocess [Geletukha 1998, Bridgwater
2002]. The reduce of volatile substances in thd fugdlet is connected with the
peculiarities of their manufacture.

The great importance has the economical efficieotyhe fuel. Approximate
equivalent of different types of fuel mass (Germizal classification for gas generators)
using (vistapellets.com) data is presented in T&ble
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Table 2.Approximate equivalence of different types of fueby mass

Fuel Tvoe Amount of solid fuel in kilograms attributable
yp to one liter of gasoline To one liter of diesellfue
Wood (Holz) 2-3 3,2-3,8

Peat (Torf) 2,5-3 4,5r
Lignite (Braunkohle) 2,5 3,5
Charcoal (Holzkohle) 1,3 -
Anthracite (Anthrazit) 1,2-1,6 1,8-2,2

Pellets 1,25-1,87 2

The expected price of fuel depends on the sizeatsfutated working calorific
value capacity taking into account the moisture asld content. This index has a value
in terms of the cost of transporting fuel in largelumes. Recent calculations and
analysis of prices of major fuels show, that thélepe are in many cases superior to
traditional fuels (not only waste wood and coal] aiesel fuel) by the economy of use.
It is necessary to consider not the price of 1dbrfuel, but the cost of 1 kilowatt of
energy, produced when using this fuel (table. 8].[1

Table 3.Analysis of prices of major fuels

Fuel Type Heating value,| Efficiency, Fuel price, | The cost of heat,
kWeh/ kg % EUR /tonne] EUR/kW-<h
Diesel fuel 11,63 80 250 0,027
Coal 4,65 50 45 0,019
Electricity 95 0,033
Waste wood 2,0 60 19 0,016
Pellets 4,8 85 90 0,022

When burning pellets the efficiency reaches 85%ckvitorresponds the use of
gas and liquid fuels. The cost of heat using woetlefs can be reduced with the
increase in combustion efficiency upto 97%, thatachieved by burning pellets in
boilers with burners bulk-type [Geletukha 1998, @berger 1998].

In connection with the entry into force the Kyotm#col to the UN Framework
Convention Climate Change becomes a legitimate dorfior JI projects (Article 6 of
the Kyoto Protocol). This means, that when we cbhdbe fuel for automobile producer
gas plants its environmental safety must be taktnaccount. One of the indicators of
the environmental security is the amount of asheapgd after combustion according
LLC “Resayklers.ru”:

- the burning of brown coal ash produces up to #y%veight of fuel burned;

- coal combustion — appr. 20%;

- the burning of wood — 0,5-3%.

The obvious advantage when used as fuel wood hahkid case, the ashes from
wood burning can be used as fertilizer, and slaghfcoal combustion contains heavy
metals and has though weak, but the high radidacfidasler Ph , Jorgensen 1996].

The next indicator of environmental security is #raount of pollutants emitted
into the atmosphere by burning of fuels (Table. 4).
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Table 4. Emissions of harmful substances during combustioaf different fuels
(According to “Promgaz”)

Fuel Type| Particulates (kg/Gkal) Benzapyrene (kgils Heavly(/gr/ngligll)s Ao
Gas 0,004-0,017 0,057-0,129
Fuel oil 0,2-0,4 0,046-0,69 1,1
Lignite 0,26-26,0 0,1600,67 -
Coal 8,7-12,3 0,07-0,44 0,96-64,0
Peat 3,8-11,4 1,0 0,8-3,1
Firewood 8,07 1,36-4,95 -

Heavy metals — in this case this is the sum ofctirgent of vanadium pentoxide,
arsenic, chromium and mercury in gas emissions.

These data show, that wood fuel is more environaignfriendly, than coal,
with preference, apparently, should be given togdsfication plants.

The calculation of basic parameters of the gadibogprocess, depending on the
type of fuel, presented in Table 1, is presentedthen elements in accordance with
procedures [Samylin 2005, Yudushkin 1955, Tokar®s5] for gasoline 4-stroke
engine UMP-4215.10 (EURO-0) [5, 6] in Table 5. Watk volume, 2890ky0. cM.

Compression ratio 8.2. The filling ratio of the emggenerator gas 0.53. Engine speed
2400 rpm.

Table 5.The main parameters of the gasification

Fuel
Pellet
Parameter Waste s Industrial Semi Anthracite
wood | (first Pellets
class)
Gas output of 1 kg of fuel, ?tkg 1,84 2,579 2,566 4,059 4,299
Air consumption for the gasification
of 1 kg of fuel, kg 1,162 | 1,628 1,619 2,557 2,915
Gas moisture content, kg im 0,392 | 0,183 0,184 0,063 0,015
Efficiency of the gas generator, % 78,7 83|9 83,9 6 6 81
Air consumption for combustion of
1 1r? of gas generator, #m® 1,014 | 1,129 1,129 0,824 1,138
Calorific value of gas-air mixture, 591,1
Kkal/m? 561,4 57 591,157 514,77 572,11
Hourly Consuigp/“k‘]’“ ofsolidfuel,| 7 375 | 1848| 18578| 1373 11,038
The diameter of the gasification 264.39 183,6 184.18 241,76 237 44
chamber, mm 2

Anthracite along with pellet fuel has good perfonoe, but the process of
burning coal can not be automated, gas containgta dontent of sulfur compounds,
should be disposed of slag.
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Based on the drawn analysis, it is obvious, péllet is the best for the creation
of automated gas-producing installations, usediridustrial vehicles, with minimum
dimensions for height and weight.

Since the pellets are made from different kindsasf materials it is necessary to
determine their effect on quality (table 6).

Table 6.Indicators of pellets quality, made of different mw materials according
to the companies "EKOROSS"

Feedstocks
Sawdust
Quality indicators Mixture (50% pine
Soft-
Soft-wood and 50%
hardwood
hardwoods)
Density 1,147 1,141 1,144
Bulk density, kg/drh 526 511 520
Ash content, % 05
Calorific value, MJ / kg 18,9 18 18,4
Abradability 0,21 0,2 0,2
Humidity 8,5 8,5 8,3
The content of SO and SCb in gases o 0
pellets combustion , %
Homogeneity, the absence of impuritieg No extraseou

Table 6 should be clear that the quality of pelletstained from softwood and
soft-hardwood by pelleting sawdust do not diffexnfr each other. Since the content of
the fuel component u H) in the wood of different species varies slighthe
softwood contains carbon 50,5 %, hardwood 49,6%drdgen is equal -6,2%), the
influence of wood on the calorific value of pell&sot much.

As mentioned above, the cost of pellet fuel is tatglly affected by transport
costs, therefore it is not less important to pradiién Ukraine. Pellet market in Ukraine
today is at an early stage of development and doogpto the results of the company D
& P Consult analysts estimation the annual pelkledpction in Ukraine in 2008 is
about 190-200 tons (about 90% of it is exporte@&twope). Shaped pellets production
in Ukraine today are represented by maximum of 8 3etal companies. The volume of
pellet production in Ukraine since 2007 to 2018hswn in Fig. 1 (assessment of D &
P Consult).

As seen in Figure, wood pellets occupy about 30-88%otal pellet production
other pellets are made of sunflower husk and othgps. It is impossible to show the
structure of the Ukrainian market of pellets aca@uogdto product quality (first grade,
industrial). The company D & P Consult explaingss tfact as the specific of the
Ukrainian pellet market. A large number of mediund amall enterprises make pellets
for their own consumption and often do not pay sdeattention to the quality and
composition. In Ukraine there are no standards tfee quality of the product.
Companies that manufacture wood pellets for Eunopearkets follow standards:

. German Standard DIN 51731/DIN plus, grade 2;
. Swedish Standard SS 18 7120;
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. Britisch BioGen/ United Kingdom, the Code of Fana@le Practices;
. Austrian standard ONORMI 7135.

M Mennetsr W pesecHne NenneTs
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2007 2008 2009*
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Fig. 1. Volume of pellet production in Ukraine frd007 to 2010
(evaluation of the company D&P Consult).

CONCLUSIONS

It is established, that for automated gas plantsiycers for vehicles the first
class pellets, low bark, diameter of 6 mm optimuwrel fpellets are the most optimal
choice. The cost of pellets of the first class gsta 2-2,5 times lower than the cost of
gasoline. The use of pellet fuel enables to orgaiig continuous supply from the
horizontal separately located from the gasifierage bunker by the screw conveyor to
the zone of fuel gasification. This allows the lpawer sets to run on a single load
during the whole day without unsealing the gasiéiad install the gas generator under
the body of the truck. The volume of gasificatidramber for pellets is correspondingly
smaller than that for other fuels, and so the efzthe entire gas generator is reduced as
a whole. With the gasification of the pellets gsikfficiency is 85%, while using the
bulk-type burners the efficiency of the use of gislicould increase to 97%. The use of
pellets facilitates automation - gasification pregeis subject to certain physical
conditions (temperature, pressure), that contraroprocessors, automation and other
analyzers. Lambda probe and the air sensor, fample, are installed almost in all
modern cars. Pellets are environmentally friengbe of fuel.
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AJIBTEPHATUBHOE TOILJIUBO JJIs1 TPAHCIIOPTA

Jlapuca I'y6aueBa, Anexcanap Auapees, lapss LlleBuenko

AHHoTanus. Crenan 0030p aBTOMOOWIIBHBIX Ta30I€HEPATOPOB C LIENBI0 MOJIyYEHHs TeHEPAaTOPHOTo ras3a st
JIBC. PaccMOTpeHbI CBOMCTBA Pa3IMYHbIX BUJOB I'a30I€HEPATOPHBIX TOILIMB U MPOBEAEH MX CPABHUTEIIbHbIN
ananu3. [IpencraBieH OpUEHTUPOBOYHBIM OJKBHUBAJEHT pa3HBIX BHJOB TOIUIMBA II0 Macce K OCH3UHY U
JTM3€IbHOMY TOILUIHBY M aHA/IU3 LIeH Ha OCHOBHBIE BH/IbI TOIJIMBA. IIpoBe/ieH cpaBHUTEINIBHBIN IKOIOTNUECKUH
aHalu3 pPa3IUYHBIX BHIOB TOIUIMB. PaccuuTaHbl OCHOBHBIE IapaMeTpsl Ipolecca rasupuKanud B
3aBHCHMOCTH OT BHJA TOIUIMBA. [IpeAcTaBlieH CpaBHUTENbHBIH aHAIM3 HOPM Ha IIEJUICTHOE TOILIUBO
I'epmanuu, Asctpun u LBennu.

KiioueBbie ¢J10Ba: aBTOMOOHIBHBII Ta3zore’Leparop, 6I/IOT01'IJ'H/IBO, TICJUICTHI, ITapaMeETPhI I‘aSI/I(bI/IKaI_II/II/I.
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ERROR OF AVERAGE VELOCITY FLOW MEASUREMENT
IN VENTILATION SYSTEM CHANNELS

Elizabeth Gusentsova, Alim Kovalenko, Manolifilavov

Volodymyr Dahl East-Ukrainian National Universityygansk, Ukraine

Summary. Influence estimation on exactness of measuringageevelocity turbulent flow of radius setting
velocity sensor is produced. Analytical dependengsating the measuring error with the Reynoldmbar
are got. The expressions for determination radiugfeaverage velocity in ring cylindrical channelear
established.

Key words: industrial discharges, velocity, Reynolds numbetogity, flow.

INTRODUCTION

One of the most important problem of ventilatigstems parameters control of
anthropogenic dangerous objects is determinatidraahful discharges total volume. It
is set depending of gas flow volume of stream intN&tion pipes, directly carrying out
the harmful discharges.

Methods and instrumentation of measuring flow rate various [1, 2], but
aerodynamic method [3] is the most reliable andbitain the most application. The
flow rate is determined by average velocity vafoeind on difference between total and
static pressure,

Q= S,
where:ug is average velocity$ is cross-sectional area of vent channel.

The velocity sensor is set on the length no leas 20 hydraulic diameters of
channel from entrance [3, 4], in order to have fibrened velocity profile in control
section. The flow measurement accuracy also depemdse place of setting sensor on
channel section, as velocity flow is unevenly digtted on channel section. In addition,
velocity distribution depends on the Reynolds numBe 5, 6], i.e. from the average
velocity or flow rate. And, if for the round cytinical channels the recommendation on
location of velocity sensors at the developed tlahbiuflow are present [3], then for the
ring channels such information is absent in literat At the same time, ring cylindrical
channels are used frequently as outlet for verntesys, for example, the discharge of
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the ventilation systems of atomic power units hia emergency-repair mode is carried
out through such channels.

Analytical dependences, relating the measuring erfffaverage velocity with the
radius of sensor location in round cylindrical pipaed Reynolds’'s number at the
turbulent flow mode are established in the pregskmterk. Also, the expressions for the
estimation of zero systematic error radius of ageraelocity measuring in ring
cylindrical channel are determined.

Velocity distribution at turbulent flow in round lydrical pipe for gas flow at
velocities up to 70 m/s and Reynolds numbers R&*>ldoks like [5, 6]

n
u e, of o
Ug 2 Io
where:u, is flow average velocityn - index of degree, depending on Reynolds number
(for examplen=1/7 for Re=10); r is radius of arbitrary point, counted out from fiipe

axis; rp is pipe radius.
Reynolds number:

d
Re= U.;
v
Herev is kinematics viscidity.
Dimensionless deviation of velocity from averagtuea

u-u u
g, =—2=—-1,
Ug Ug
therefore systematic error of average velocity meag with a glance of (1),
represented in percents, will make

= wém)(l_q“ ~1x100%. 2)

fo

o,

u

Calculations show that at setting the sensor ie gignter the error exceeds 20%
for Re=10.

The value of average velocity radius can be detexdhi putting theu = U in
expression (1),

D_d _ 2 n
=2t (in+1ﬁn+1ij ' ®)

For determination of average velocity radius at dhgitrary Reynolds numbers
we will use the experimental data [6] of valuesdefyree in distributing index (1) of
velocity on the pipe section. Thevalues for the row of Reynolds numbers Re are
presented in table.1.

Table 1.Values of degree index in velocity distributing

Re | 410° | 2,310" | 100 | 1,110° 3,210°
n 1/6 1/6,6 1/7 1/8,8 1/10
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Tabular data is approximated on least-squares mdijadhe next dependence
n= 0252- 229x1072 IgRe. (4)

Taking into account approximation dependence (4% ipossible to determine
relation between average velocity radius with theymlds number for round
cylindrical channel. However, as calculations shaie average velocity radius
practically does not depend on the Reynolds nurabdrmatters0,76, in the range of
Re=16+10° which is working band for industrial vent systems

We will present next algorithmic expression for etatining the power
dependence for the velocity profile in ring cylirmd channel

n
r-n .
ST
m—N

n
fp—r )
2 | [ STETy,;
M =Im

where:u,, is maximum velocityry, r, are radiuses of internal and external surfacgs;
is maximum velocity radius.
We use next empiric dependence for the maximuncitgloadius [7]

®)

u
Un

r r 0343
- r
m 1oL (6)
2= Im (rzj
Because average velocity
_ .9
Up = 2_.2)’
o —n

and flow rate

Tm )
Q=27 [urdr + [urdr

n m

in recognition (5) possible to get
Ug 2 r, +r, +nr,

U (+2n+1) r4n

(7)

On basis of (7) we will transform dependence ¢5he form
u_(+2)n+1) r+n
Ug 2 ry + 1 +Nr,

X
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Putting equalityu=u, here, we determine expression for two averagecitglo
radiuses
1

r=r (- r)A, 8)(
1
p) :rz—(rz—rm)A”, 9)(
where:
2 r, +r, +nr,

(n+2)n+1) r+n

Rough estimation of Reynolds’s number influence the radius of zero
systematic error of velocity measuring is possilite execute on the basis of
approximation dependence (4). However calculatshmsw that, as well as in the case
of round cylindrical channel, in the working rangfe industrial vent systems Reynolds
numbers, the value of average velocity radius ceamgpt substantially.

CONCLUSIONS

Thus, the accuracy of average velocity measuring turbulent stream
substantially depends on the radius of sensoritotafAt the sensor location on the
radius of average velocity measuring error pratificdoes not depend on the Reynolds
number in the range of Re =°A0°. From two radiuses of average velocity in ring
cylindrical channel, radiuses of internal and exééisurfaces determined coming from
correlation, in practice it is recommended to useater, where because of less radial
gradient of velocity weaker the error of sensotisgtshows up on exactness of average
velocity measuring.
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MOT'PENIHOCTH N3MEPEHMSI CPEJTHEN CKOPOCTH IIOTOKA
B KAHAJIAX BEHTHJIAIIMOHHIX CUCTEM

Esmm3aBera I'ycennoBa, Anum KoBanenko, Manoauc [Innasos

Annoranus. IlpousBesieHa OlCHKA BIMSAHHS HA TOYHOCTh M3MEPEHHs CPEAHEil CKOPOCTH TypOYIEHTHOTO
MOTOKA pajiiyca yCTAHOBKM JaT4MKa CKOPOCTH. [loyryueHbl aHAIMTHYECKHE 3aBHCUMOCTH, CBSI3bIBAIOILINC
MOTPEIIHOCTh M3MEPEHHS ¢ 4YHCIOM PeiiHONb/ICA. YCTaHOBICHB! BBIPAKEHUS I ONPEICICHUS PaINyCOB
cpefiHeit CKOPOCTH B KOJIbLIEBOM LIMJIMHAPUYECKOM KaHaJe.

Ku1roueBbie €j10Ba: IPOMBIIUICHHBIC BEIOPOCHI, CKOPOCTB, YHCIIO PeliHonbca, pacxo/.
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OF CERTAIN LABOUR ACTIVITY RESEARCH
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Summary: In the article the analysis of the traumatism cbadiis conducted on enterprises, reasons of
workers professional diseases origin and groundsidaiory psychophysiological examination introdant
necessity on the enterprises of Ukraine. Fig. 4. B

Key words: labour protection, worker, traumatism, profesaiatisease, psychophysiological examination.

INTRODUCTION

On the modern stage of labour protection developnitsn European model
expressly determines measures on the improvemefgbolr protection and worker
health protection in the workplace in accordancéhva directiveNe 89/391/ ECC
[http://zakon.rada.gov.ua].

The dynamics of professional diseases did not éshechange in the last few
years. From labour medicine Institute of AMS in Hike data an index of professional
morbidity frequency on 10 thousands workers in 20@ts 4,61. Among 38 Europe
countries on the professional morbidity indexesdilie occupies 21 place, while, for
example, Denmark which occupies the firstplacereguency of professional morbidity
registers 438,6 cases on 100 thousands of worBeiRgnov, 2008].

Every year in the world, according to informatiohl®@W, approximately 270
million accidents, related to implementation prefesal duties, and 160 million
professional diseases are registered. Almost 3b64sdnds of workers perish on a
production, from them in countries with the develdpmarket economy - 16,2
thousands, in former social countries — 21,4 thodsain China — 73,6 thousands, in
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Indium — 48,2 thousands, in other countries of Asid Pacific ocean — 83 thousands, in
countries Near east — 28 thousands, in the cosnbfidfrica in the south of Sahara —
54,7 thousands, in the countries of Latin Americd €aribbean pool — 28,6 thousands.
Unfortunately, about 12 thousand of died — childriris also necessary to take into
account the amount of workers which got profesdidisease and were excluded from
a production process, for example, in 2004 2,2ionilpersons are incorporated, thus
32% the oncologic made, 23% — warmly vascular, 1:9%aumatology, 17% are
infectious diseases. As a result of illness eveay th the world is absence on the
workplace about 5% labour force. Through chargelsted to the industrial accidents,
lost to 1250 milliards dollars, or about 4% of wbgross domestic product [Labour
safety, 2008].

Professional activity of workers of many branchek industry remains
dangerous, without regard to technical progresselased to mobilization of functional
backlogs, and in many cases passes in extremeraedyency situations, that requires
enhanceable physical and emotional firmness. Bxaatth workers which are added an
enhanceable risk for a health require the spetiahtion from the side of the state.
Ukraine for the amounts of mortal accidents on 1@0ékers substantially (negatively),
as an analysis of the state of industrial safesyiftes, exudes between the economic
developed countries and former socialistic coustrid Europe (Ukraine — 0,104,
countries with a market economy — 0,038, formeriagistic countries of Europe —
0,053). According to [A. Ena, 2008] Ukraine occugpibe second after Portugal on a
traumatism and 20 place after China for deathsopfe on a production.

Most failures happen through fault of human factBesults of analysis of
production traumatism and death rate from industaecidents for 2000-2006 in
Ukraine confirm, that reason of plenty of accideate mistakes of workers, through
what every year injured to 75% and all of about 8détims perished, group accidents
also took a place through fault of «<human facto@5-85% (after statistical materials of
Ukrainian State mountain industrial supervisiordtins).

RESEARCH OBJECT

Every year, in spite of measures which are conduictelifferent countries, level
of production traumatism, in including mortal intigation, and the amount of
professional diseases grows [Labour Safety, 2008pncernes those countries, where
sufficient attention spared this problem. In theldiof labour protection examined all
questions, related with the psychophysiologicatestaf worker. In the economic
developed countries health of worker is a necessangition which directly influences
on a production process and quality of mined-owaidpcts: «a diseased producer can
not produce quality commodity».

The purpose of the article is necessity of intrdiduc obligatory
psychophysiological examination on the Ukrainiategprises research.
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RESULTS OF EXPERIMENTAL RESEARCH

For the last decades dynamics of revealing prajessidiseases in Ukraine
differs fluctuations. So in 1993-1995 there wasilitrease, related to passing an Act
«About a labour protection», which gives a right tbe patients to get a substantial
financial indemnification of the health damage, ttuP000 — diminishing in connection
with stopping of regressive payments for professialisease. However from 2001 with
entering into the arm of the law «About obligatostate social security from an
industrial accident and professional disease, riatlted in the loss of capacity» there
was growth of professional morbidity level agaiig.(fL).
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Fig. 1. Absolute amount of patien[ZJ) and professional morbidity level
in Ukraine on 10 thousands workessae=) (1976-2007)

The professional morbidity indexes in the highlyweleped countries of the
world serve as evidence of it. According to [A. Basts, 2008] every year in Ukraine
6-8 thousands of professional diseases are registeith fluctuations in different years
from 2,5 to 15,5 thousand Sanitary-hygenic dedorpbf supervision objects specifies
on an amount:

- workers on the objects of supervision;

- objects which are under control of Statesanepsdewuice;

- objects which answer the requirements of sanitaryns (fig. 2...4).

At the same time in Russia — 10-12 thousands, parda- 15 thousands, in the
USA — 190 thousands are registered diseases atsidénin Ukraine a level of
population professional diseases on 100 thousaidsrers was 13,3, on the whole in
the countries of Europe — 30,1.

Among diseases the first place is occupied by stes of breathing organs
(pnevmokonios, chronic bronchitis), then diseasett® bone-muscularsystem and
connecting tissues, oscillation illness, by the wagfessional diseases of skin are
almost not registered. The most accidents of psifeal diseases and poisonings is
registered in the Dnepropetrovsk, Donetsk, Lugaarsk Lviv regions. Basic branches
in which found out the biggest amount of profesalafiseases are machine-building,
metallurgical, coal industry.
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In connection with an economical situation whichswalded in Ukraine, the
brightly expressed forms of chronic diseases asdhdity which comes as a result of
the ill-timed measures use are all more frequegistered, thus among the persons of
young capable working age. Transformation, whiclobserved in character, flowing
and terms of professional diseases developmeriedeta diminishing of technological
actions intensity, increase of psychoemotional itengevel and decline the physical
loadings. In same queue, modern pattern of proolucthange, unwillingness of
employers instrumental in the exposure of profesdiodiseases on the their
development early stages, for avoidance of additiotcharges on treatment and
rehabilitation of a victim, incuriosity of workens the exposure of professional diseases
through possibilities to lost a job is reasons ofvlexposure and registration of
professional diseases.

As a rule, an accident rate and traumatism thrdaght of «human factor» is
conditioned: by insufficient motivation of obsereagnof safety; by the low level of
professional preparation on questions of workefstgaadmitting to implementation
risky jobs of people with the enhanceable traumatigsk, psychophysiological
qualities of which do not answer the requiremerfteartain labour activity; by the
presence of factors which reduce reliability andetyaof worker activity (fatigue,
exhaustion, excitation et ctr.).

As practice shows, in Ukraine of expense on meadureelation to a labour and
prophylaxis of accident rate and production trausnatprotection in once or twice
below than financial losses from failures. In spitethat during realization of any
measures it is necessary to take into accountdinhoharges, much major to spare the
special attention the social consequences of &sland catastrophes — loss of health,
life of citizens and country labour potential, iease of incomplete families amount and
children-orphans. Combination of ecological and fegsional factors with
psychological overloads, from data of WOH, is reagbmost diseases. Approximately
30-50% workers of the developed countries grumtideut stress overloads to the
parahypnosiss, depression, cardiovascular pathology

Analysis and research of practical results whiol @wnducted in the different
countries of the world, show a dependences of thee ©f health and capacity of
workers on their psychophysiological qualities higlegree, that testifies about
expedience on enterprises with the enhanceablel le¥e production danger
psychophysiological selection and psychophysiolaliggxamination. Such approach, as
developed countries experience testifies, resaltirminishing of the technical systems
depending on appearance and terms of activity anotidate level on 40-70%,
diminishing of technogenic catastrophes amount 2@125%, decline of traumatism
level as a result of «human factor» — on 40-45%HAa, 2008].

A professional psychophysiological selection and ychsephysiological
examination is the problems of «human factor» dé@con a production and
substantially influence decision on the productimrease of strength security,
maintainance of workers health.

The enhanceable danger works are characterizechdypsychophysiological
factors of production danger presence — physictdti¢s and dynamic overloads,
hypodynamia) and psychological (mental overstrdahour monotony, emotional
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overloads, overstrains of analyzers). The indicdsetiors draw change in the human
state under act of weight and labour tension.

The enhanceable danger works implementation andh sutich require a
professional selection, as a rule, foresees theepoe of permanent or temporal harmful
or dangerous factors which can be conditioned:

- by the deficit of information for making a deaisi

- by physiology discomfort — disparity of labourrtes normative requirements;

- by the deficit of time for making a decision a@ntpblementation of actions;

- by enhanceable complication of task;

- by the presence of the real threat to life odthea

- by the enhanceable cost of erroneous actions;

- by less congestion information (sensory depriugti

- by the overload of information.

These terms quite often provoke exceeding of plggio norm at
implementation of professional duties which areoagpanied maximal tension of
physiology and psychical functions. In the casedisparity of psychophysiological
professionally important qualities of worker quigkh capacity goes down the
requirements of profession, gross violations, exous actions, are assumed, blowing
off activity et ctr. Such activity is characterizedonectic reliability and efficiency, and
the state of worker — by the enhanceable risk oida@nt origin, although some time the
professional duties implementation can take a phasenfringement and derangements
due to the permanent overstrain of the regulatgamism systems. But by the result of
such state proof functional changes developmentdary disorders which hardness to
find out at an ordinary medical review can becormg/\quickly. The protracted flowing
of such unfavorable situation draws developmemiff¢rent diseases, in thereby except
for the enhanceable risk of workers psychophysioklgyualities diseases origin which
answer the profession requirements not fully, tieran enhanceable risk of accident
origin.

For example, to the loss of ability with the proppeed and exactness to react on
external influences, that promotes the risk of @eot origin conducts violation of
connection between the sensory and motive cenfefeeaervous system for workers
higher departments. And also experiencing of darigeling can strengthen failings
which arise up concertedly, co-ordinations of masioSuch violations often appear in
co-ordination of especially exact and difficult lklammotions.

The change of emotional processes also influenceprobability of accident
origin. For example, emotional instability, unexgeet changes of gladness and spite,
sharp emotional reaction, is enhanceable on inggnit external irritations strengthen
propensity of worker to the threat of accident wrignd diminish his protected.

Psikhofiziological examination is conducted on biasis of statistical calculation
the developers of the program "The Programmatit cemplex for the professional
psychophysiological selection of specialists, bumsy works with an enhanceable
danger", producer the State enterprise the "Maincatibnal-methodical center of
Ukraine State mountain industrial control".

At the special statistically grounded algorithmsietision approval it is possible
to get the most reliable forecast estimation ofk&omctivity progress and reliability. In
a conclusion, which is given after passing of wongsychophysiological examination
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about accordance to the professional requiremenimplementation of enhanceable
danger works and such which need professional ts@te@ group PFO is specified and
recommendations are given in relation to accorddadie professional requirements
for indicated works implementation. For present reatnutillize 4 groups of PFO
admittance after marks:

1 group PFQO. 56-80 — it is an excellent result, sufferet tgplementation of the
indicated works;

2 group PFQO. 50-55 — it is a good result, sufferet to implemagion of the
indicated works;

3 group PFQO 45-49 — it is a satisfactory result, sufferetrtplementation of the
indicated works, but it is recommended to get #peated examination in 1 year;

4 group PFO below 45 — it is an unsatisfactory result, natoramended to
implementation of the indicated works.

Conclusion of psychophysiological examination ofrkeéy about accordance to
the professional requirements to implementatioardfanceable danger works and those
which need professional selection, has recommesatiaracter and necessarily given
at passing of medical reviews the certain categonerkers in obedience to [Order
HSM, 2007; Order HSM, 1994; Order HSM, 1995].

During the research leadthrough with SE Lugansk BENSEI FS and LS
statistical information (tab. 1) was got in relatito the amount of workers which
passed psychophysiological examination in theftagtyears.

Table 1.The results of workerspsychophysiologicalkexamination passing,
busy on works of enhanceable danger in a perioddm
01.04.2006 to 01.04.2010 [Letter, 2010]

01.04.2006-| 01.01.2007-| 01,01.2008-] 01.01.2009-[ 01.01.2010-, "~
01.12.2006| 01.12.2007| 01.12.2008| 01.12.2009| 01.04.2010

1group PFO 222 216 141 83 36 699

2 group PFO 819 3032 5106 3511 1610 14078

3 group PFO 557 1610 1931 1333 583 6014

4 group PFO 194 436 408 229 78 1345

Peoiﬁ"fofjlss 1792 5204 7586 5156 2307 22185

The modern development stage of this researchesxtidin characterizes the
accumulation of actual material and wideuse of pepbysiological selection for the
practical tasks decision [Andrianova, 2011]. In &lke first officially "List of works,
where necessary a professional selection" wadettthe order of Health protection
ministry and State mountain industrial control B1@9.94Ne 263/121, also became the
important stage of professional selection systednodiuction [Order HSM, 2007].

The psychophysiological examination combine the bjgnms of medical,
biological and psychological branch of science amdctice. As a result in 2008
organization and order of psychophysiological exation leadthrough for the
normative settlement the project of separate naveaict — «Order of organization and
leadthrough of psychophysiological workers exaniamt was developed for
implementation of enhanceable danger and such wikeighire a professional selection
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works» with claim of it the general order of Healphotection ministry and State
mountain industrial control, however now so remdiitethe stage of project.

Actual subsequent scientific developments, directed technology of the
psychophysiological testing perfection, psychopblggjical state monitoring and
register of workers for enhanceable danger workplédmentation and such which
require a professional selection [KrushelnitskaQ@0Dushkov, 2002; Agapov, 1991,
Klimov, 1991].

On the way of economic and social development ofstate non-acceptance of
effective measures serves as a substantial obdiacltdhe improvement of workers
health in Ukraine. In this connection there was exessity of measures complex
program development, directed on the professiomsgage prophylaxis and making
healthy of labour terms, and also perfection of icedd social help in the real economic
terms.

SUMMARY

Itis set as a result of the executed researchfittencial losses, which are tested
by enterprises in case of accidents or failuresuoow as a result of insufficient
psychophysiological preparation which does not amsthe requirements of certain
labour activity, more than charges are on the psifmal selection leadthrough.
Therefore the got results specify on expedience@syichophysiological examination
leadthrough necessity on the enterprises of aliepa of ownership and production
industries.
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MPOBJEMBI BOSHUKHOBEHUWA ITPO®3ABOJIEBAHIUI PABOYMX B CBSI3U
C HECOOTBETCTBHEM HUX ICUXOPNU3NOJIOTMUECKOMN IMMOATOTOBKH
TPEBOBAHUAM ONPEJIEJEHHON TPYIOBOM TEATEJBHOCTH.

Huxkouaii KacbsiHoB, Asekcanapa AuapuaHoBa, Ceerjiana MaBpuy

AHHTOIYS: B CTaThe IIPOBEJICH aHAIN3 COCTOSHUS TPaBMATHU3Ma Ha NPEANPUATHAX, IPUYNH BOSHUKHOBCHHS
npodecCHOHANIBHBIX 3a00JIeBaHUi PAOOTHMKOB M OOOCHOBaHa HEOOXOJMMOCTb BHEAPEHUS 00sA3aTENbHOI
NCUXO(MH3UOIOTNIECKON IKCIIEPTU3EI Ha MIPEAIPHATUSAX Y KPaUHBL

KiaroueBnle cioBa: oxpaHa Tpyaa, paOOTHHK, TpaBMaTu3M, mpodeccuoHaibHOe —3a0oneBaHue,
ncuxodH3noIornyecKas KCIepTu3a.
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TIRE LIFE ADJUSTMENT ON THE COEFFICIENTS
OF OPERATIONAL AND ROAD CONDITIONS

Alexander Kravchenko, Olga Sakno

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The article investigates the problem of adjustn@ntire life from the coefficients of working
conditions and road conditions. On the basis ofeghods the actual tire life for trucks of the eptises of

Donetsk region is corrected. The decision underdémiled analysis and specifications of factorsctvh
influence indicators of operating life, working eajty and wear rate of tires during operation ofeeled

vehicle is offered.

Key words: tire life, factor correction, wheeled vehicle, roednditions, norm of an average of tire life,
operational factors.

INTRODUCTION

Tires are an element which influences many operatitactors of vehicles. Tires
are expensive, disturbance of their condition aersibly raises operating costs [1, 2, 3,
4]. The important role is occupied by questionsofmalization of tire life which it is
has to revise because of used new materials, apginditions [5, 6, 7, 8].

The norm is a caused by changes in the area oftadtr which these norms are
established. Therefore normalization of use of weses includes following stages:
working out of norms; updating and revision of nerwhich operate; the statement and
finishing to industrial subsections [8, 9].

The existing methods of calculation of tire life Wkraine does not always
produce positive results. Research of tire lifeimerprises of Donetsk region [10, 11,
12] found that more than 95% of design life is |#ssn actual. This leads to several
negative consequences: increased stockpiles o, tpart of working expenses are
derived from turnover, quality of tires in storaigevitably deteriorates. Consequently,
the design procedure of tire life on correction fioents has got the greatest
prevalence, which is based on statistical procgssfrrun of many models of tires in
various road conditions in practice.
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RESEARCH OBJECT

To improve methods of correcting of tire life onefficients of operational and
road were conducted observation of work of truckh/dd-M 400 and KAMAZ 6520-61
the Donbas's company: limited company "DISK-SERVIC&d limited company
"DISK-CONCRETE" (Donetsk), Structural subdivisiovtobaza" State enterprise
"Ordzhenikidzeugol" (Enakievo).

According to [11, 12, 13] two final correction factis formulated for dump
trucks and concrete mixing machine. In view of ttenstancy of the routes trucks
within the organization, plan routes vehicles ialgped in the work with instructions of
run on roads of population aggregate and behinah tléth instructions of a condition
of a pavement in experiment carrying out on routss

Since the Donbas refers to the central climateoregive are guided by the
corresponding data [11, 12, 14]. So, 80% of dumpkis route runs along the roads of
asphalt carpet in satisfactory condition, and 20%n-roads with similar cover in
unsatisfactory condition. Moving through a careeall three cases doesn't exceed one
kilometer.

RESULT OF RESEARCHES

Rationing of tire life in Ukraine is arisen on thasis of operational norms of an
average life of pneumatic tires of wheeled vehialed special vehicles which are
executed on wheel chassis [9]. As appropriate ntivens correct for actual operating
conditions that differ from normal or especial citioths by following equation:

N'=Nyc O kDk Ug U U Thg €y

Ninc = Nsc Tk ks, @
where: Ny — the norm average life of pneumatic tires formal operating conditions,
thousand km (motor-hoursilg. — the norm average life of pneumatic tires forcipe
application conditions, thousand knk; — the correction coefficient depending on
traffic and climatic conditions of operatiott, — the correction coefficient depending
on operation rate of pneumatic tirek; — the correction coefficient depending on
service life of pneumatic tiresk, — the correction coefficient depending on load-
carrying capacity useks — the correction coefficient for pneumatic tirefstmctor-
lorry-trailer combination which are constantly useilh trailers; k; — the correction

coefficient depending on the ratio of kilometregviglled in the city to the kilometres
travelled outside the city.
Norms are corrected by means the coefficidqtsk;, which are established for

normal operating condition, the coefficienks and k; norms for special application

conditions. Apply only the correction coefficientghich relate to certain operating
conditions, and it is certain by these Norms (tlse of all the coefficients are not
necessarily). If all the features of the actualrafirg conditions can not be taken into



TIRE LIFE ADJUSTMENT ON THE COEFFICIENTS OF OPERKONAL 123

account, using these coefficients, the temporagulegions are being developed for the
average life of pneumatic tires.
The correction coefficient, of the norms depending on traffic and climatic

conditions of operation determined as:

k= ko ks, 3)
where: k;; — the correction coefficient of norms by the tyfeoad surfacingk,, — the
correction coefficient of norms by the longitudinalclination of road; k; — the

correction coefficient of norms by the degree cluainpollution.
The values of the correction coefficients are presgin tab. 1.

Table 1.The correction coefficients of norms depending orraffic
and climatic conditions of operation

The correction coefficient of norms Byhe correction coefficient  The correction
the type of road surfacing in of norms by the coefficient of norms
satisfactory (unsatisfactory) technigangitudinal inclination o] by the degree chemid
Climatic zone state( Ky 1) road (K,) pollution (k;3)
no
asphalt- cement- stone block, more from over
sledged 40 to | i, v
concrete | concrete than 60 %
stone 60%
40 %
1,0 0,88 0,84
North (0,96) (0.80) (0.76) 1,0 0,98 | 0,96 1,0/ 098 09
1,0 0,88 0,84
Central (0.96) (0.80) (0.76) 1,0 0,98 | 0,96 1,0/ 0,98 0,96
0,95 0,79 0,76 g
South (0.90) (0.76) (0.73) 1,0 0,98 | 0,96 1,0/ 0,97 0,91
. 0,97 0,82 0,80
Mountain (0.93) (0.78) (0.76) 1,0 0,98 0,96 1,0 1,0 1,0

The correction coefficienk, of norms depending on operation rate of pneumatic
tires defines by the table 2.

Table 2. The correction coefficientsk, of norms
depending on operation rate of pneumatic tires

Operation rate, thousand km (motor-hours) / month he goefficient k
from 1,0 (0,04) to 1,5 (0,06) 0,95
over 1,5 (0,06) to 3,0 (0,12) 0,98
over 3,0 (0,12) 1,0

If the operation rate wheeled vehicle characteribesaverage monthly run of
less than one thousand kilometers (40 motor-hauetoperating time) which answers
the period of operation of the tire over 5 yeaos,dfach of following after the fifth year
of operation the coefficienk, is: for the 6th, 7th, 8th, 9th and 10th years pémtion,

respectively: 0,96; 0,92; 0,88; 0,82; 0,75.
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The correction coefficienk, depending on load-carrying capacity use defines by

the table 3. Intermediate values, if necessargrdene the interpolation.
The correction coefficientk; norms for tractor-lorry-trailer combination

determine on conditions tha, = 0,9 in the case of 100% of the first run withgle
trailer andks; = 1,0 — when run carried out without the trailer.

Table 3.The correction coefficientsk, of norms depending
on utilization factor load-carrying capacity k; wheeled vehicle

Value of utilization factor load-carrying capaciky
(seating capacitks )
to04 [ 04[] 05[] o6/ 074 08 0% 095 1
The coefficientk,

Wheeled vehicles

o

Truck vehicle-borne EL

trailers, bolster-typg 1,03 1,03| 1,0 1,0 1,0 0,9 0,98 0,97 0,97
tractor, semitrailers

Dual-purpose vehicles 1,03 103 1,02 10 10 1,0980Q,0,98 | 0,97
Dump trucks 1,04 1,04 103 108 10 10 1/0 1,0 80,9

Dependence of coefficierit; depending on the ratio of kilometres travelled in

the city to the kilometres travelled outside thy defines by the table 4. Intermediate
values, if necessary, determine the interpolation.

Table 4.The correction coefficientsk; of norms depending on the ratio of kilometres
travelled in the city to the kilometres travelled mad public network

The ratio of kilometres travelled of
road public network in the city to tota
kilometres travelled, %

The coefficientkg 104 1,02 1,000 099 098 097

0 20 40 60 80 100

This methods has showed oneself to good advantadjét das been continuing
to improve, for instance the work [15, 16].

In compliance with methods we will calculate fomau truckVolvo FM 400 &4
and concrete mixer vehicle model KAMAZ 6520-61:

kljwvo = 1,008+ 096[0,2=0,992, k11KAMAZ =0,76[02+ 1,000,8=0,95.

According to data obtained during the investigation

ki, = 09807+ 0960,3=0,974 klzKAMAz =0,98.

The Donetsk region is one of the most ecologicalliverse and chemically
contaminated regions of Ukraine. Because of thisofak;;, corresponding to Il and
IV levels of chemical contamination, lg; = 0,96.

At the time of the experiment, monthly kilometresvelled of dump truck Volvo
FM 400 &4 varied from 3,5 to 8 thousand km and concreteemiehicle model



TIRE LIFE ADJUSTMENT ON THE COEFFICIENTS OF OPERKONAL 125

KAMAZ 6520-61 - 1200...3000 km. On this basis, veke the largest value of the
coefficientk,, according to table &, ~=1,k,  =0,98.

The enterprise operation life of tires on trucks exceeding five years, because
the correction coefficienk, takes exactly oneg; = 1,0.

By controlling the weight of data it is known thidie loading of dump trucks
ranging from 26 to 30 tons at the nominal weightcafgo that is transported 26 tons
and critical weight is 32 tons. Consequently, iddvisable to takéy = 1,0, thenk,

= 0,98. The coefficient of utilization load-carrgirtapacity for concrete mixer vehicle
depends mainly on the type of concrete. Prescripiomposition and the density
depend on the type of mixture. In most cases, timepany produces and transports the
mixture, in which the coefficient of utilization dd-carrying capacity is 0,8 ... 0,95. In
this case, takel,  =1,0.

Trucks carry the entire run without a trailer. Téfere, k; = 1,0. Guided by the

data on the route of dump trucks Makeyevka-RedrHikakeyevka the percentage of
run makes 36%; Makeyevka-Prosjanoe-Makeyevka - 2BPékeyevka-Telmanovo-
Makeyevka - 17%. Thus, the average ratio of rur3#%. We establish by interpolation
method Ko, = 1,017. About 90% tire life concrete mixer vehiclarried out within the

city limits. According to the data of table 4,stdalculated:
Kogu, = 097109+ 10400,1=0,977

Concluding correction coefficient for trucks:
- Volvo FM 400 &4 tires Michelin models XZY-2 and XDY-3

k = 09921097409641,01,000,981,01,017= 0,924,

xzyxdy —
- concrete mixer vehicle model KAMAZ 6520-61 tinre®del ID-304 Y-4 is
K ps0s= 0959 098[ 0960,981,0(1,0[0,977=0,86
According to [17], tire model ID-304 Y-4, which aistalled on concrete mixer
vehicle model KAMAZ 6520-61, the base average Itfeeis 80 thousand km. For tires
Michelin [18] models XZY-2 and XDY-3, which are moted on trucks Volvo FM 400,
the base average tire life is 65 thousand km. Guldethis data, we calculate the tire
life with a glance real-time use.
Dump truck:
Noyxdy = Nic,y ., Kiaynay = 6500000924=6006Km.

Concrete mixer vehicle model KAMAZ 6520-61:
N 5304 = Ny, K 5 504 = 80000CD86 = 6880Kkm.

Let's check up a methods for the tires XZY-2 andyXx® following the norms of
firm Michelin [19]. We accept, in accordance witlecommendations of the
manufacturer, middle wear rate equal 0,1 mm / 1K®0 Then, whereas the initial
height of protector XZY-2 - 18 mm, and protector X413 - 25 mm, will calculate a
height, to the limiting wear, if height of protectoat which a tire is subject to
decommissioning is 1,6 mm:

h,, =180-16=164mm  h,, =250-16= 234mm
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Knowing the height of protector which wears outattainment of critical value,
the base tire life is calculated:

_164

234
i 1000=16400&m; N, = 3

N 1 [1000= 23400km.

xzy

Then, in accordance with correction coefficientdcualated before, will get:
N,,, =1640000924=15153&m; N, =234000 0924=21621&m.

The results of calculations for different tire Iéiee offered in a table 5 and fig. 1.

Table 5.The results of calculations for different tire life

Model of tire State guidelines, km Guidelines afqucer, km
Michelin XZY-2 65000 164000
Michelin XDY-3 65000 234000

ID-304 80000 -

—— 63500

ID-304 [0 -
| 47000

ZDY-3 LY 216216

220000
60060 ‘
HEY-2 151536

l | | 1235‘]?
0 50000 100000 150000 200000 250000

» State guidelines
Actual tire life

s Guidelines of producer

Fig. 1. Charts of tire life after state and aculata, km

The results of calculations show that tire lifeadting off does not correspond to
the facts, under the recommended [17] standardsheadire foreign and domestic
production. According to the data received durimg éxperiment, tire Michelin XZY-2
which are installed on operated axes of dump triokvo FM 400, by the time of
writing-off on the average overcome 123,5 thouslamd and Michelin XDY-3 that are
installed on leading axes of the same dump trudkswriting off overcome 220
thousand km.

Tires model ID-304 Y-4 which are installed on atka concrete mixer vehicle
model KAMAZ 6520-61 leave operation after overcogion the average 47 thousand
km.
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CONCLUSIONS

Having analysed the above-stated, it is can corclolfowing:

1. To this effect necessary to design high-quaiigs and norms the average tire
life.

2. It is necessary to consider in details factotdctv influence indicators of
reliability of automobile tires. The main factorste that influence the tire life.

3. For real operating conditions wheeled vehicless inecessary to consider
norms average tire life and their correct.

4. Mathematical models concerning calculation wege of tires do not consider
the real conditions in which the wear processrefiwheeled vehicles is taking.

5. Design procedure of run of run of tires of wieeleVehicles from the correction
coefficients is the most practical and based ornistitzal data of tire in specific
conditions.

6. The mentioned facts indicate the need to rewidie adjustment factors for all
models of tires.

7. It is necessary to improve system concerningtrobrover elements of
suspension mechanized of wheeled vehicles.
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KOPPEKTHPOBAHHE PECYPCA IIWH 110 KOO®PUINEHTAM
IKCIINIYATAIIMOHHBIX U TOPOXXHBIX YCJIOBUHU

Auexcanap Kpasuenko, Ouabra Cakno

AHHoOTanus. B cTaTbe paccMOTpeH BOIPOC KOPPEKTHPOBAaHHS pecypca MIHH IO Kod(dHunueHTaM
SKCIUTyaTal[MOHHBIX M JOPOXKHBIX ycioBHil. Ha ocHOBe MeTOAMKM CKOppeKTHpOBaH (haKTHUECKHi pecypc
IIMH JUIS TPY30BBIX aBTOMOOMIed npeanpustuii Jlonenkoii oonactu. IIpennoxeHo penieHue 1o JeTaabHOMY
aHaNIU3y U YTOYHEHUs (haKTOPOB, KOTOPHIE BIMSIOT HA IIOKA3aTEeIN JOITOBEYHOCTH, paOOTOCIIOCOOHOCTH U Ha
HMHTEHCHBHOCTh M3HOCA LIIMH B IPOIECCE IKCILTYaTalli TPAHCIIOPTHBIX CPECTB.

KarodeBble ciioBa: pecypc IiMH, KO3(D(UIHEHT KOPPEKTHPOBAaHHS, KOJIECHO-TPAHCIIOPTHOE CPEACTBO,
JIOPOJKHBIC YCIIOBHS, HOPMa CPEIHETr0 pecypca, SKCIUTyaTallHOHHbIC (PAKTOPBI.
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MODELLING OF DISCRETE RECOGNITION AND INFORMATION
VULNERABILITY SEARCH PROCEDURES
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Summary. The article to contain results of the researchéswing to raise level of protection of the
automated and intellectual information systemsrenitges (AIS). The article discusses the use stréie
procedures to detect threats for information resesir

Key words: information security, threat detection, discretecess.

INTRODUCTION

Information security management has become aalriticd challenging business
function because of reasons such as rising coseatirity breaches, increasing scale,
scope and sophistication of information securitia@its, complexity of information
technology (IT) environments, shortage of qualifisecurity professionals, diverse
security solutions from vendors, and compliance raxgailatory obligations.

The sophistication and effectiveness of cyber kftatave steadily advanced.
These attacks often take advantage of flaws invsoé code, use exploits that can
circumvent signature-based tools that commonly tifleand prevent known threats,
and social engineering techniques designed to thiekunsuspecting user into divulging
sensitive information or propagating attacks. Thaacks are becoming increasingly
automated with the use of botnets - compromisedpedens that can be remotely
controlled by attackers to automatically launchaehks. Bots (short for robots) have
become a key automation tool to speed the infeafovulnerable systems [Ahmad D.
2005, Chi S.-D. 2001, Gorodetski V. 2002, KnighR002, Templeton S. 2000, Xiang
Y. 2004].
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RESEARCH OBJECT

Mission-critical information systems (MCIS) are emstood as the electronic
communication development objects, by means of kvballection, processing, storage
and transmission of information are performed wiita purpose to ensure the handling
processes. Their exceedance of allowable valueslezayto the malfunction or their
endamagement.

To evaluate security of such a system, a securiglyat needs to take into
account the effects of interactions of local vuai®lities and find global vulnerabilities
introduced by interactions. This requires an appab® modeling of the system.
Important information such as the connectivity fneents in the system and security
related attributes of each element need to be radds that analysis can be performed.
Analysis of security vulnerabilities, the most Ikattack path, probability of attack at
various elements in the system, an overall securétric etc. is useful in improving the
overall security and robustness of the system. ddariaspects which need to be
considered while deciding on an appropriate modelépresentation and analysis are:
ease of modeling, scalability of computation, atitityi of the performed analysis. The
analysis of the protection of information systenmsl automated control systems for
transport companies has yielded the following tsggeriod 2008 -2010), fig. 1, 2.

10,94% O WEB applications
25,47% (40,38%)

\

40,38% | m Server Applications
(23,21%)

O Client Applications
(25,47%)

23,21% O Operating System
(10,94%)

Fig. 1. Statistics application vulnerabilities AIS

O Cross-Site Scripting -
65%

B Information Leakage -
40%

O Content Spoofing - 23%

1400% 5 00% 65,00%

16,00%

O Predictable Resource
Location - 17%

B SQL injection - 16%

17,00% 0 Password cracking - 14%

23,00% 40,00%

B (Abuse of Functionality -
10%

Fig. 2. The probability of detecting vulnerabilgief different types
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The decision of questions of complex maintenanceeaiurity and stability of
functioning of the automated systems (AS) in theaditions of unauthorized access
(UNA), including, influences of computer attackentands the system analysis and
synthesis of possible variants of construction efurs of counteraction UNA means. At
complex formation it is necessary to co-ordinatel amter connect functions and
parameters of the EXPERT, protection frames ofitf@mation from UNA, anti-virus
means, gateway screens, the communication equipnikat general and special
software and perspective means of counteractionotaputer attacks [Chapman C.
2003].

The main peculiarity of the concerned recognitio aoftware and network
vulnerability search procedures, which are latdledadiscrete or logical procedures, is
the possibility of obtaining a result without amydrmation about functions of character
meaning distribution and on availability of littteaining samples. The knowledge of
metrics in the space of objects’ description is needed also. In this case a binary
function of value proximity should be determined fsach of the characters, which
allows distinguishing the objects and their subcdptons [Baskakova L. 1981,
Vayntsvayg M. 1973].

The main task of discrete recognition and vulnditgbisearch procedures
(DRVSP) building is search of informative sub dgs@wns (or description fragments)
of objects.

We consider informative objects to be the objelatd teflect certain regularities
in description of objects used for training, thetpresence or, vice versa, absence of
these fragments in the object, which is being aersid, allows attributing it to one of
classes. The fragments that are met in descripbrme class objects and cannot be
met in descriptions of other classes’ objects amesiclered to informative in DRVSP.
The regarded fragments as a rule have a substaetsakiption in terms of designing
information safety systems (ISS).

RESULTS OF RESEARCH

The main task of discrete recognition and vulnditgbisearch procedures
(DRVSP) building is search of informative sub dgsgons (or description fragments)
of objects.

We consider informative objects to be the objelatd teflect certain regularities
in description of objects used for training, thatpresence or, vice versa, absence of
these fragments in the object, which is being aersid, allows attributing it to one of
classes. The fragments that are met in descriptibreme class objects and cannot be
met in descriptions of other classes’ objects amsitlered to informative in DRVSP.
The regarded fragments as a rule have a substaetsakiption in terms of designing
information safety systems (ISS).

A notion of an elementary classifier is introducéy building discrete
recognition and vulnerability search procedures ifdormation safety systems. An
elementary classifier is understood as a fragmreatdescription of a training sample. A
certain multitude of elementary classifiers witheget properties are built for each
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(KL,,...KL )= (Bp B ) class. As a rule, the classifiers, which are used,
a1 a|

be met in descriptions of one class objects andiatane met in descriptions of other
classes’ objects, thus describing only some trgimhjects of the class. On the other
hand, sets of character values not used in degorgbf any training objects of the
class characterize all objects of this class anel mwore informative form this
perspective. That is why so actual is the questibnonstructing discrete recognition
and vulnerability search procedures based on theiple of “nonreoccurance” of
character legitimate values’ sets, fig. 3, 4.

Another problem is presence of objects which ardamlerline between classes

(KL,,...KL )= (Bpal ""’Bpa. ) among the study samples of objects. Each of such

objects is not “typical” for its class, as it reddes to descriptions of objects belonging
to other classes. Presence of untypical objecendstthe length of fragments used to
distinguish objects belonging to different clasdasng fragments are less frequent in
new object, thus extending the number of unrecaghabjects.

The necessity of building effective realizationg fdiscrete recognition and
vulnerability search procedures is directly conedctto problems of metric
(quantitative) characters of informative fragmentsiltitudes. The most important and
technically complex are the problems of obtainirsyraptotical estimates for typical
number values of (impasse) coveriagd the length of integer matrix (impasse)
covering and also the problems of obtaining anaklgestimates for permissible and
maximum conjunctions of a logical function, whichkeaused for synthesis of circuit
hardware-based ISS solutions.

There is, as a rule, no reliable information abihwet structure oPA multitude
available while solving tasks connected with projer an effective AlS information
safety system, that's why having built a discrezeognition and vulnerability search
procedures algorithm we cannot guarantee its highfopmance on new objects

different from {Spal,...,spam }. Nevertheless, if the training samples are quipécal

for the considered multitude of objects, than thgodthm that makes infrequent
mistakes in studies will show acceptable results whknown (not included in training
samples) objects also. In this connection corrastnaf discerning algorithm is the
problem that should be paid great attention. Tigeréthm is considered to be correct if
it discerns all the training samples correctly.

The simplest example of a correct algorithm is fbkowing: the considered

object Sp,, is compared to descriptions of every training Se{80,;,..., Y } - I
case if thesp,, object’s description coincides with a descriptiiha Sp,, training

sample, thesp,, object is attributed to the same class as3fpg object. In other case

the algorithm declines to recognize the object. réhis no difficulty noticing that
though the foregoing algorithm is correct, it ist mble to discern any object which
description does not coincide with description iy &raining sample.
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Sources of threats Signs of threats

Classes of threats for AIS 4
(KL, KLy )= ] (extemal) {Patre-Pan }

A 4

Sources of threats
I (internal)

Signs of threats

{paxzi‘“'paxm}

Fig. 3. The structure of the classification of “%oes of Threats”

Signs of vulnerability (1)

Set of classes of Group Vulnerability
vulnerabilities

|
™\

Signs of vulnerability (2)

Signs of vulnerabilit (n)

Fig. 4. The structure of the classification of ‘watability”

Let's introduce the following symbols. Lelep stand for a set of

r,, »fp, <Ml different integer-valued characters ofp ..., p, }kind.

Proximity of g3, = (af,,.P.,....00,,) and . =(aP.,.0P.,....AP., ) belonging to
PA by the NPpa set of characters we will estimate by the followirsdue
1, if apj =ap] the value of ti =1,2,...,r, , @

BN 0 NP, ) = )
(R NP ) {0 otherwise .

Thus, the schematic circuit of estimation algorithimilding for information
safety systems is the following. The whole rangedtfferenthp ={P., P, I

r, <Ml type sub multitudes is picked out inside #pe ,...p, }character system.

Later the picked sub multitudes are named referemeiitudes of the algorithm, and
their whole range is designated M| .
Further let us set the following parameters:

* po,, is a parameter characterizing significance @&, , i= 1, 2,...,PA4 target
(object);
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* PO is a parameter characterizing significance of bjea belonging to a

pa

reference multitudeNP, [ QMI .
The considered obje@p,,, is compared to every training sam@Bg,, of every

reference multitude. A (sp,,KL ) estimation ofSP, object belonging t&L class is
calculated for each vulnerability class of AI®L, KLO{KL,,...KL }in the
following way:

1
F(Spa1KL) e — Z Z pos,pa EpoNPpa (BN (Spa 7Spai ’Nppa )1 (2)

| LW, | spy KL NP, COMI

where: | LW, |5 KL 0 {SP,y,-.-:SPyy } -

The sp,, object is attributed to the class that has thédsy estimate. In case if

there are several classes with the highest estimeerning fails.
Let's regard the situation, when the objects of ¢basidered PA multitude are

described by the characters, each possessing \aflties {0, 1,...,kp - 1} multitude.
Let's associate the (Tpor NP,,) elementary classifier, where

Tpop =(Tpop, 1+ Tpop )+ NP,, is @ set of characters numbergd,...] .+ With an

g
DOPr

elementary conjunctiol] = p2o™ ...p,,
1 pa

Let's show that building a multitude ofKL,)=(B, )class elementary

classifiers for the models previously consideredthe article adds up to finding
permissible and maximum conjunctions of the chawstic (KL, ) = (Bpl ) class

function, which is a double-valued logical functipossessing different values for
training samples of|<|_| u KL, .

After completion of all the previously mentioned stages one can start
the work on forming the model of information threats for all the information
resources of the enterprise on the basis of the derived classifiers. The initial
data for simulation are classes of vulnerabilities, threatsl attacks, and also
multitudes of AS attack realization means and aaieg (classes) of malefactors.

The problem of using proper characteristic functiomas not considered in
corpore within the bounds of this research, asethare different mathematical
approaches to descriptions of characteristic fonsti which can be found for each class
of information attack targets. For example, thiofeing methods are used for solving
problems connected with simulating the speed ofaimals software spreading, that is
measuring the percentage of infected computersmitie network:

* models based on changed systems of differentiahtéan, formulated in
classic epidemiologic models;
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10.

11.

12.

13.

14.

15.

16.

models based on calculation of Hamiltonian pathgtlenin the part of the
analogous graph, where spreading is still possible;
other.
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MOJAEJIUPOBAHUE JUCKPETHBIX ITPOLHEAYP PACIIOSBHABAHUS YI'PO3 U
MONCKA YSI3BUMOCTEN HTHO®OPMAIIAA

Bauaepuii Jlaxno, Anexcanap Ilerpos

AnHoTanusi. CTaThsl COIEPIKHT PE3yJbTaThl MCCIIEIOBAHUM, MO3BOJISIONINE IMOBBICUTH YPOBEHb 3alllUTHI
ABTOMATH3UPOBAHHBIX M HHTCIUICKTYalbHBIX HMH(OpMauuoHHbIX cucreM npeanpusitus (AUC). B cratee
IPEUI0KEHO HCIOJIb30BaTh JUCKPETHbIE MIPOLEAYPHI [ BBISABICHUS yrpo3 HHOOPMAIMOHHBIM PecypcaMm.

KroueBble c10Ba: nH(GOpManoHHas 6€301aCHOCTD, 0OHAPYKEHUS YTPO3, JUCKPETHBIH IpoIecc.
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COMPLEX RESEARCH RESULTS OF THE EVAPORATIVE
CONDITIONER FOR DIESEL LOCOMOTIVE CAB

Alexsandr Lutsenko, Valentin Mohyla

Volodymyr Dahl East-Ukrainian National Universityihansk, Ukraine

Summary. A set of theoretical and experimental researchvaperative air conditioner unit has
provided a design that can be used on railwaynglitock and that meets the requirements of
regulations of the microclimate parameters of twmotive cab.

Keywords: evaporative conditioner, diesel locomotive, &nf, the metal nozzle.

INTRODUCTION

When providing comfortable sanitary and hygienicddar microclimate
parameters [Pankova, 2000] it allows people todase the productivity of work and
reduce the probability of professional disease® fdsults of statistical studies show
that the diseases of the locomotive crews’ worlggpend to a large extent on the
unfavourable climatic conditions in the cab of theomotive, and are reflected in the
cardiovascular, musculoskeletal, and nervous systeloreover, the absence of
favorable climatic conditions in the work of thec@mmotive driver and the driver’'s
assistant accumulates fatigue, lethargy, and simpit@nomena that affect the security
of movement in the similar way.

RESEARCH ANALYSIS

To maintain the necessary sanitary and hygieniarpaters of microclimate on
the modern locomotives [Sorokin, 1996; Sokolov, 8]9he air-conditioning system,
which typically consists of a steam compressional cnditioner with hermetic
compressor or compressor of packing design andtinigeventilation unit is used. This
scheme has many flaws which at pesent do not atiowsolve the problem of
conditioning on the railway rolling stock completel
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- taking into account the fact that locomotiveg a& conditioners that can not
work as a heat pump, the additional use of theitngaentilation unit, which makes the
design of the system more complicated and incre&sgalue becomes obvious;

- steam compressional conditioners are structuratiynplex, expensive and
dangerous for environment; during the operation doevibration and sudden
accelerations, the depressurization of the codirsgem is possible;

- the use of one-piece scheme of the conditiondr ammsidering its complex
structure it makes the layout of the locomotive #redfurther rational distribution of air
masses in the driver's cab more complicated;

- steam compressional conditioners use much enswggumption, resulting in
additional operational costs.

Elimination of flaws relevant to the currently usad conditioning system in the
locomotive cab is possibly by using of the evapgeeatooling water systems. The
settings of such type are clean, reliable, andcsirally simple. The main advantages
that characterize the evaporative coolers aredhenfs: environmental cleanliness, the
use of renewable sources of energy, little enemgysemption (comparing to steam
compressional air conditioners is 10 ... 15 tinmselr), absence of non-ferrous metals,
simple design and operation [Doroshenko, 1983; Mesgnko, 1987Ne 85.4.14.010,
1986].

The given design uses the following means of ailing:

- evaporation of water from the surface of the pgrnozzle, which is moistened
by vertical capillary rise of fluid from the reseiv,

- evaporation of water from the surface of liquitinf formed by the forced
irrigation of a metal nozzle from the top to thetbm with the subsequent collection of
fluid in the reservaoir;

- separation of air flow, moving on "wet"and "digfiannels of the nozzles; in the
"wet" channels the water film and nozzles are abotbe air saturated with moisture
from the "wet" channel entering the atmosphergha"dry" channel the air is cooled
and then goes to the cab of the vehicle.

The presented schemes of the air coolers havelbaving disadvantages:

- the use of porous nozzles results in a reductibheir height taking into
account the limits of capillary rise of liquid; tiheduction of heat transfer due to the low

coefficient of thermal conductivity of the nozzleaterial, to their pollution resulting in
the deterioration of capillary fluid rise and tlegluced cooling capability of the device;

- the use of metal nozzles assumes the strict flinv in the "wet" channels,
which is structurally difficult to implement prowd there are some "dry" channels on
the back of the nozzle;

- the use of both types of nozzles, which ensueeaih cooling and assumes the
realization of the small values of the average fideht of heat transfer=40-60
B1/m?K) from the wall to the air flow;

- both schemes are one-piece and very complexhwdgases the problems with
their installation on the locomotive and furtherdistribution in the driver's cab.
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THE AIM AND THE TASK OF THE RESEARCH

The elimination of defects and the adaptation efdliaporative cooler to be used
on the railway rolling stock is possible when thdwing positions are realized:

- during the evaporation it is preferable to use ¢boled water which will cool
the air directly through recuperative heat exchamgehich realize the great values of
the heat transfer coefficient;

- to divide the conditioner into two parts: evapgea (with nozzles, fan, water
pump) and cooling (with a recuperative heat exckaagd fan);

- to use metal nozzles, which during the rotati@me into the lower part,
irrigated by the water and further, having pas$eddompressor’s device go out to the
top, where they are blown by the air flow;

- to connect the cooling unit of the conditionerttwihe cooling system of
internal combustion engine of the locomotive ane iigs a heating unit for locomotive
cab in the cold season.

RESULTS AND THEIR ANALYSIS

Mathematical modeling of the presented processessétecting the rational
parameters of structural and regime parametersésngn the work [Lutsenko, 2011].
When considering the cooling surface of the diregaporative cooler, the
thermal balance equation [Neduzhyj, 1981; Ysacheh®81] can be presented as:
d. =0, =4z —q,, (1)
wherexq,, d, - the heat flow density in the air and to the wdien on the nozzle
respectively;q,, d, - the heat flow density defined by the heat transfem the air to

the water film and formed by evaporation of theewdilm.

Solving (1) is possible by using the analogy betwkgdrodynamic, thermal and
diffusive boundary layer of the air when producthg distance from the liquid film and
determining the coefficient of heat transfer, flot@am mass density and others.

The distribution of the relative velocity along thgdrodynamic boundary layer
[Shlikhting, 1974] on the flat plate was definedw&),, =f'(7,), whereu - the current
speed in the boundary layer at the distance frenstinfacelJ ; - the air flow rate outside
the boundary layer and approximated by the foll@apolynomial:

f'(n,) =-3,57107%n2 +0,377n, ; )
where: 77, =5y/d - dimensionless boundary layer coordinaté;=50/vx/U,, -
boundary layer thickness;— distance from the starting edge of the platehtodiven
point; v - kinematic air viscosity.

With the flow mode in the channel between the nezziwe finally get the
equation for the flow outside the boundary layer:

U - & ;U -G : (3)
®  pb(H-0,70) ™ 0,65pbH
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Considering the thermal boundary layer, the temtpesadistribution will be
defined asi= tt,
) -t

o 0 W

=f'(n,), where the distribution function on the basis of

previously obtained distribution of the relativeesg (2)
With the temperature gradient at the nozzle surfdloe coefficient of heat

transfer is defined as:
q= i ﬁ 1894 4
g, \ dy y=0 k ' )

Based on the analogy of speed and concentratidilgsr@f the water steam at
the border layer, the density of mass flow of stéathe boundary layer is defined as
D(p, —P.)

ToRT ©)
wherep, - saturated steam pressure near the surfaceseofvdker film; p_ - steam
pressure outside the boundaries of the boundargr lay the channel between the
nozzles.

The given analysis of the processes occuring ircttanel between the nozzles
between the air flow and the basic platform ofribezle allow to solve the equation (1)
and determine the change of the air flow parameters

Based on the equations of the density of heat fjmmg through the nozzle,
taking into account the heat taken away from it amel liquid film at a time, the
temperature difference of on the surface of ligfilch contacting with air when
changing the thermal state of the “nozzle - liquidir” is defined as:

Ar—(y -y o, + d,+29,)/2
P i U v)nd, + X, (6,+24,)/2) ©)
/YH +Xw
where: ' =(t,-t,)/(d,+24,) . ¢=(t,-,)/(,+24,). X =c.0.4,/2,
X =CuPu 0,/2 - equation coefficients.
With the heat taken away from the air at a time c@@ specify the current
temperature change in the thermal boundary layer
_ 2q,Ar -0,74kAt,c p,
" (H-074k)c,p, ¢
Let’s define the specific steam mass located betvike wall of the nozzle and
the middle of the channel between the nozzles:

0,622| 520, —(p, - p.) (A +B,) p.(H _
ne T R, E.O[TW +(T°° _TW)(A2/712+BZI71) un +f(_ 5] . (8)
~=p,=(p, —p.) (A’ +By1,)

Wh
en gwmg!TW + (T ~T.) (A7 +B.1)

j» =189

At

dn, =p,F. - (p, - p.)F, we get:
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1 (a-5)s|
. = | , 9
A(T.-T,)(a-5) |(s-5)a| ®

1

Y 1Bz )

Al _TW)(Alx Xz) (10)
1 _ 2 la-5] ., |s-5

)(l—q_s{S(q s)+q In| 7| s In| =l (11)
Xo = 1 [qln'q_5|—sln|s_5q. (12)

a-s| | a | s |

where:s, g- the root of quadratic equatid), +(T,, —TW)(A2/712 + 82/71) =0.

Using similar methods of mathematical and physpiature of the coolant one
can get some dependences, describing the procetsesait exchange in the rrigated
part of the evaporation unit, such as:

- the speed of the fluid in the core of the flowthie channelbetwen the nozzles

-1
U,=G,[pb(H-7)] ; (13)
- displacement thickness of the turbulent boundiygr:

5
5, = 4,600 x(Lj : (14)
U_x
- local heat transfer coefficient:
a' = i(ﬁ] = i (15)
7900 ay y=0 kl

The definition of speed and air and water presguirvilinear flow is defined
by the following equations:

u=exp(C,~InR), (16)
where:C, = In(umRm) - integration constanty,, =G, (,oHRm)fl - the average speed
in the channel between the nozzI&s; - radius of the middle of the current lines.

p=C,-0,5pexp[2(C,-InR)], (17)
where:C, = p,,, + O,Spexp[Z(C1 -InR, )} - integration constangim — atmospheric

pressure at the entrance of air flow in the cumeitir plot.

Since the calculation of the process of heat andsnexchange at evaporative
cooling was performed numerically [Karimberdievg $983, Patankar S.V., 1984,
Peyre R., Teylor T.D., 1986], the nozzle and theeation and heat carriers were
covered by polar nets, and when constructing tHemtinimum radius of the air flow
lines was determined from the dependence:

R, =R, /[2cos(a/2)] (18)
where: R, - nozzle radiusyr - angle of the coverage of the irrigated nozziésse.
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The maximum radius of the current water lines weftnéd as:

R" =Rtga/2. (19)
Polar coordinates of the net knot are defined as:
- in the air
R®% =R®_ . +IiAR;
. j20
qf‘j = qf‘jmax - JAQ
- in the water
R", =R" . —IAR;
. (22)
¢NJ = wvjmax - JAW

where: AR, Ay - the step of the change of radius and angle e@h#t model;¢

jmax -

maximum angle of the net opening to air at theewrR, ; ¢" - maximum angle of

jmax
the net opening for water at the curré)t; i, j — net knot indices.

Based on the developed model and calculation pnograimerous experiments
with the influence of cooling efficiency of mode dardesign parameters of the
evaporation unit have been carried out and thelteeate presented as approximating
dependencies:

Q,, =688,48+69,83z, +7,67z, —3,572z,2 -10,872,> +8,982,Z, , 22
Xp 1 2 1 2 142

Q. =1722,8-185,6x, +885,5x%, +330,1x, +43,2x,> +10,9x,°> —
Xp 1 2 3 1 2

-2511x,%-40,8%,X, —10,1X,X, + 76,4X,X,
where:z — the air speed when entering the channkl, z, — the speed of the nozzle
rotation, xs}; X, — the nozzle radiusqm; x, — nozzle thicknessym; x; — the distance
between the nozzles.

The analysis and the calculations based on thelajms@ mathematical model
allowed to identify the main design parameters tidétct the energy, mass and size
characteristics and identify their rational measutbke rotating nozzle diameter, which
determines the surface area of heat and mass egehar200...400mm; the nozzle
thickness, which characterizes the possibilityafienulation and transfer of heat (cold)
0,=1,5...2,5mmM; the distance between nozzles, which determinesfldw of heat
carriers H=7...8um.

The experimental studies on stand models [Idelthik975, Bagan I.P., 1989,
Gerschenko O.A., 1984] of the air conditioner bé tevaporative cooling and its
elements resulted in obtaining its power, aero-dmydirodynamic characteristics
depending on the mode characteristics of the h&at fand heat carriers and
environmental parameters [MohylalV LutsenkaO.A., 2011].

(23)
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CONCLUSIONS

The results of the research present the following:

- the increase of the air flow speed in the chafradiveen the nozzles to the
values of 8 m / s allows to increase the coolingac#ty ranging from 1900 to 4000 W
without any deterioration in the work of the devitke great values of the air speed
corresponding to the great values of the nozzlatimt and consequently on the
contrary;

- when the rotation frequency of the nozzle is 40@ 80 rpm and consequently
the air speed in the channel between the nozz|@8 msnd 16 m/s and more, one may
notice the drop removing of the liquid phase, witie smaller values of the nozzle
rotation and in the range of the air speed, thestum removing hasn’'t been observed;

- the realization of the maximum cooling capacityree unit, which amounted to
4200 W when the removing of the liquid phase isesabgrovides the rotation speed of
1980 rpm and the air flow speed of 12 m/s, whidbved to define these modes as
rational;

- aerodynamic resistance of the air path for tipegsameters is 340 Pa;

- the cost of mechanical power to the nozzle drideen changing the rotation
speed from 40 to 100 rpm amounted to the valubérrange from 25 to 100 W.

Considering the experimental studies and the obthiesults [Reho, 1987] we
may state thefollows:

- there are rational parameters of the air flowespé the channel between
nozzles and the nozzle rotation speed correspomds2tm /s and 80 rpm, which
provides the maximum cooling capacity of the evapiee unit of the conditioner; these
modes do not allow any drop removing of the watarirenment, which provides the
best possible technical and economic parametatgeafevice of this type;

-the optimum water flow rate was defined1@® m*s) in the irrigated part of
the evaporative unit of the conditioner, which pd®s the maximum cooling capacity
and consequently the heat balance between theyepesgesses of evaporative cooling
in the air part of the nozzle and the processdseat and mass trasfer in the irrigated
part of the nozzle;

- the change of the water temperature entering ein@porator unit of the
conditioner makes the proportional impact on itelicg capacity, which contributes to
the flexible regulatory characteristics when chagghe parameters of microclimate in
the locomotive cab;

The use of the results obtained allows to realiee dooling efficiency of the
conditioner to the values of 2580 W, which providles temperature of +26 °C in the
locomotive driver's cab 2TE116 at the environmerte&hperature +45C and the
relative humidity 90%.
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PE3VJBTATBI KOMILIEKCHBIX UCCJIEJJOBAHUI HCIIAPUTEJILHOI'O

KOHANIMOHEPA JJIS1 KABUHbBI MAIIMHUCTA TEIIJIOBO3A

Aunexcanap Jlynenxo, Basenrun Moruiaa

ITpoBenenuii KOMIIEKC TEOPETHYHUX U EKCIIEPHMEHTAIBHUX MCCIIE[0BaHUN HCIapTENbHOTO KOHIMIMOHEPa
00ecIIeun MOIy4eHne KOHCTPYKIIMH YCTPOUCTBA, KOTOPAsi MOXKET HCIOJIb30BAThCSl HA MOJBHKHOM COCTaBe
XKEJE3HBIX JOpOI M OTBEYaeT TPeOOBAHMAM HOPMATUBHBIX JOKYMEHTOB OTHOCHTEIBHO IapaMeTpPoOB
MHKPOKJIMMAaTa KaOMHBI MAIIMHUCTA JIOKOMOTHBA.

KuroueBbie ciioBa: ncnapmenbﬂuﬁ KOHALMOHED, TCIJIOBO3, MOTOK BO3AYyXa, METAJUIMICCKAad HacaaKa.
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METHOD OF THE DYNAMIC ANALYSIS OF THE MECHANISM
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Summary. The iterative method of the law of movement ofiritial link of the lever mechanism in time of
settled regime definition, not connected with dyi@asynthesis, is offered.

Key words: levermechanismiink of reduction, settled regime, dynamic analy&sv of movement

INTRODUCTION

As it is known from the educational literature (ske list of referred sources),
for the decision of a problem of the dynamic anialys the mechanism, it is necessary
to know parameters of its dynamic model (the angsfeeed, the resulted moment of
inertia, change of kinetic energy) at least in @usition defined in the generalized
coordinate. Traditional methods [Korenyako 1970§gest to use as such position,
where angular speed of a link of reduction haseemér value set by the coefficient of
non-uniformity of movement. But maintenance of e coefficient of non-uniformity
of movement is a condition of dynamic synthesighef mechanism, which is not always
necessary. Thus, it appears that without dynamithggis, when this factor is not
known also it only it is necessary to define, theamic analysis is impracticable.
Possibility of definition of the law of movement ah initial link in this case opens the
nonconventional approach to the decision of a gmbdf dynamic synthesis [Malkov
2008].

OBJECTS AND PROBLEMS

Let the resulted moment of inertia of the lever haaggsm will be presented as
follows:

I(#) = Joonst* Jvar (9),

where: J the constant component allocated in such a marthat a variable

const”
componentd, . (#) has the minimum Op - the generalized coordinate.
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Fig. 1. To the dynamic analysis of the mechanism

In figure 1 the curve of energy-mass (Vittenbaueliggram) received in the
traditional way in system of coordinate¥OAA , expressing conformity of values of
total work AA(@) to values of the resulted moment of inertia of trechanismJ (@)
is represented. After an exception of a constampument of the resulted moment of
inertia J ., having passed to new system of coordinatgsO, AE , it is possible to
write down:

‘Jvar (¢) = ‘J(¢) - ‘Jconst
and
AE(g) = DA(g) - LA,
where: J . - the minimum value of the resulted moment of ieit old system

JOAA, AA" - ordinate corresponding to this value in the saystem, AE(@) - a
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variable component of change of kinetic energyh&f mechanism in new system of
coordinatesJ,,,O,AE .

PointO, of crossing of tangents to a curve of the energgsndefining unknown
the maximuma, ., and minimuma,,,, values (@) , is the beginning of system of
coordinatesJOzE, in which the curve of energy-mass describes depwedef full

kinetic energy of the mechanism from the resultedment of inertiaE = E(J). Itis
possible to present this dependence as follows:

E - Eo +AE(¢) - (Jconst + Jvar2(¢)) l]:dz(¢) )
'Jconst R‘JS
2

where @, - some unknown angular speed &, (@) =0 and AE(¢) =0. To this

(1)

Here E, = - an unknown constant component of kinetic energy,

speed on fig. 1 there corresponds straight@®@, inclined at an angl¢/,, to an axis
of abscisses.

Thus, havingE|,, from expression (1) it is possible to define entrvalues of
angular speed:

o) = J 20(E, +DE(9)) _ J 20E, + AE(#)) o

J const + J var (¢) J (¢)

The problem of the dynamic analysis can be solvedeative way, using the
received dependence (2). The method essence is feasynderstanding, having
addressed to figure 1. In this case the curve efggamass set in system of coordinates

JOAA, it is necessary to transfer in system of the dimates JO,E, which
beginning O, settles down on continuation of an axis of ordisafe4 in a point of
intersection from the straight line correspondiagsét average angular speey,, i.e.

inclined at an angley,, to an axis of abscisses. It is required to defiositipn of this

point. The block diagram of algorithm of the deaisiof a problem is represented in
figure 2.

Having set by the initial datal (@), AA(#), w,, and an admissible relative
deviation from size of average angular spe®g, it is necessary to pass from system
JOA4 in systemJ, 0, AE, as it is described above. The least value of tsalted

moment of inertiad ,,, = Jconst IS thus defined. Then its greatest valye, , and also
the greatesi\E,,,. and leastAE,;, values of functionAE(¢) are also defined.
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Fig. 2. The block diagram of algorithm of the dyneam@mnalysis of the mechanism

Position of point(, is defined by size of kinetic enerdy,, which it is offered
to search a method consecutive approaches. It\ioud) that the pointO, settles
down on a piece0,05, which bordersO; and 0; will arrange from the top and

bottom points of a curve of energy-mass on distantteat with sufficient accuracy are
defined by energy sizes accordingdsJ,;,a?, and 05J,..,a2,, and from an axis of

abscisses of system of coordinatkg,O, AE in sizes
Eomin = O*‘L-)‘]minwz ~ DBy and Egpgy = O*S‘Jmaxwgv —AEqy, -

av
At the first stage it is possible to accept, tigf = 05 EﬂEOmin + EOmax). Then
under the formula (2) angular speed of a link aduation in all positions of the

mechanism is calculated. Its extreme values and velwe of average angulai,
speed are defined. The last is compared to theuggetIf the absolute relative size of

their difference exceeds the set admissidp, it is necessary to find new position of

the beginningO, of system of coordinatedO,E, having accepted new valug,.
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Thus in a case, when),, > w,,, the pointO, settles down on the midpoint of piece

0,0, , differently — on the midpoint of piecQZOS. Procedure repeats. lterative

process proceeds until the deviation of the catedlaalue of average angular speed of
a link of reduction from a preset value will nofpaar within the admission.

Angular acceleration of a link of reduction can defined traditional [Frolov
1999] or nonconventional [Malkov 2008] methods.

CONCLUSIONS

Some advantages of the stated method.

* Possibility of performance of the dynamic analysisthout dynamic
synthesis.

» Possibility of creation of simple algorithm for theachine account.

< Continuity in relation to traditional methods araskr ideas.

* Presentation owing to possibility of application af simple graphic
illustration.
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METOA AMHAMHXYECKOI'O AHAJIU3A MEXAHU3MA

Banepuii ManbkoB, Ajiia Baacosa, Ilasesa Hocko, Banepuii CtaBuukumii

AnnoTanms. Ilpennaraercss WTEpalMOHHBIH METOA AMHAMHYECKOrO aHAIN3a, MO3BOJISIOUIMI ONpPEeICIHTh
3aKOH JIBHDKCHHS 3BCHA IIPUBEJICHMS MEXaHW3MAa MPH YCTAHOBUBIIEMCS pEXHME HE3aBUCUMO OT
JIMHAMUYECKOr0 CHHTE3a.

KiawueBblie ciioBa: pI;I‘{a)KHI;Iﬁ MEXaHU3M, 3B€HO NPUBCACHUS, yCTaHOBI/IBIJ_IeI\/'ICSI PEXKUM, III/IHB.MI/I‘{eCKI/II\/'I
aHaJIn3, 3aKOH JBUKCHHUS.
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THE THEORY OF MATRIX MAGNETOSENSITIVE SENSOR
ON THE BASIS OF FERROPROBES

Vadim Miroshnikov, Nikolay Karmanov, Sergey Kostin

Volodymyr Dahl East-Ukrainian National Universityygansk, Ukraine

Summary: The mathematical models of field, which allow &t&tmine the interaction of ferroprobe cores in
a matrix with the influence of a constant magn#éfd of article are considered. The models allovexecute
numerical calculation of an electromagnetic fieldcbres created by both the field of a defect, thedfield
excitation. The calculation allows to receive ddi@asthe rational arrangement of ferroprobe coreshie
matrix, and also to determine the transformatiarcfion of the matrix sensor.

Key words: control of defect, field of defect, ferroprobe.

INTRODUTION

The matrix disposition of ferroprobes for contrdl @efect in ferromagnetic
article has a number of advantages such as patsibil surface control without
mechanical scanning, forming a three — dimensiomf@irmation signal about defect
with the help of computer, possibility of curvilime surface control. The impulse
schemes of excitation [Krotov L.N. 1985; GaichenkbY. 1992] are applied
simplification of the schemes of treatment of outpignals of ferroprobes. The close
disposition of elements in the matrix sensor (M8luences the transformation function
of every ferroprobe by the inductive connectionao€oils of excitation. In this paper
two problems are decided. One problem allows terd@he the magnetization in the
cores caused by the magnetic field of defect, #uoid one assesses the influence of
MS elements on each other, caused by a curreninidings of excitation.

OBJECTS AND PROBLEMS

For the construction of the mathematical model fdiwing assumptions are
made:
« the magnetization area, in which the defect istedadoes not vary at a
measuring of the MS field,;
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« the field strength of the source, which magnetizédan article is
considered to be known.
The mathematical model of the field of defect représ an integral equation
[Vinokurov V.E. 1991]

o R R amRR R

ans  (R-R) J R-R)

where: M is the vector of a ferromagnetic material magmeiim; R and R are
vectors of points of observation and sourcés;is the normal to a ferromagnetic

surface; H is the magnetic field strength in a point of olsgion; ﬁo is the

magnetized field strength.

By the approximation of area or a ferromagnetic emat with elementary
volumes (EV), which have the shape of rectangulengs, inside which the vector of a
magnetization is constant, the equation (1) will tensformed in a system of the
algebraic equations

H; = lpﬁj ]'Wij (H j )+Ho 2)

where:i, j are points of observation and source.
The elements of the matrlkA J are determined by geometric parameters of the

defect and the space adjoining to it and are cafed!for each EV by the following
formula:
16 AR -R)
% = =Yy ds. (3
mias (R - R, )
The system of equations (2) is supplemented byftinetion of a nonlinear
dependence of the module of the ferromagnetic rni@hteragnetization vector of an
inspected article on the strength for the first #éimel second quadrant of the hysteresis
loop

M; =f(H;), 4)

which is approximated by the cubic splines. Thaesysof equations (2) is solved by an
iterative mode with the help of algorithm offeredEhvedchicova I. 1996].

Electric circuit of the ferroprobe is shown on frge 1.

For excitation circuit it is possible to write down

%(wal"'wbl)"'Hb\/l_vR:e(t)’ ®)

where: Y4, P, — magnetic-flux linkage of excitement windingsfefroprobes semi-

elements a and Itj, — field intensity in the cores of semi-elemerdf) — excitation
voltage of ferroprobe.
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Output voltage of ferroprobe is determined fromfibllowing expression

d
u, :a(waz‘wbz): (6)

where: Y5, Y, — magnetic-flux linkage of output winding of fepmbe. The task
of further theoretical construction is the deteration of magnetic-flux linkages

War: Wi Pazs Who-

R
P
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@ !
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6

Fig. 1. Electric basic circuit of ferroprobe

According to the theorem of reciprocity [PolivansvM. 1974] the magnetic-
flux linkage in the winding of the semi-elemeneigual to
1l . _
W, =— ZjHuwuqu+ijEl}lede @)
Iy [u=y v

where: M, — magnetization in the cores of ferroprobes, causeexcitation voltage;
M, — magnetization of the defect aredf,, H, — field intensity, created by

excitation current in the cores and in the arededéct location.

While dividing the ferroprobes cores into EV (e&dhne is given as K EO located
along the core length), ratio (7) is presentechnform of U-quantity of semi-elements
in the group.

1luk P
LIJU = zzHukDMukAVuk +ZHpDMpAVp ' (8)
Iy | u=ik=1 p=1

where: AV, AV, — EV of corresponding areaB; — quantity of EV in the area of
defects.
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Functioning of MS takes place both under excitatadnone ferroprobe, and
under excitation of the group or all ferroprobes.

It is quite sufficient to consider the influence afgroup of cores on each other
and located near each other.

There are three variants of a group of cores lonathfluencing each other in the
matrix MS (fig. 2) — groups 10, 6, 4 according e humber of cores of semi-elements
in the group, surrounding one ferroprobe (the carethe considered ferroprobe are
lined, the direction of the excitation field areogn by crosses and dots).

As a mathematical model of the vector field of metigation in the cores an
integral equation (1) is used. It is represented system of algebraic equations while
dividing the volume of ferroprobes cores into EV

H, =[cy M H; +[p, M, +H,, ©)

where: lCijJ the matrix with dimension LxL , wheré = K [U ; [Dipj — matrix for

calculation of intensity in i-EV, created by j-m gretized EV defectﬁb — intensity

vector of excitation field.
The system of algebraic equations (9) is added Ilby tlependence of
magnetization on the field intensity for ferromatioenaterial of ferroprobes cores

M; =6¢(H,) (10)

The elements of the matrix [C] and [D] are calcethtthrough the formula
analogous to (3).
Transformation function of ferroprobe is determifmcdthe following ratio:

U
S=22m (11)
HO
where: U,,, — amplitude value of outlet ferroprobe signbly — intensity of the

measured field.
While calculating the transformation function thgstem of equations (9) is

simplified, as the vectd, is used instead of the vect{ﬂ’)ip JI\Wp in (9). Its direction

coincides with longitudinal axis of ferroprobe.
The algorithm of the coefficient of ferroprobe tsformation is the following.
The function of the excitement voltage of the femabe is approximated by the

function
eln) = e(nat) ot - nat), (12)

where:n=1...N; 1(t - nAt) — single function;At — the time of quantization; N —

guantity of time intervals of quantization
Differential non-linear equation (5) is solved thgh numerical method

OO+ =90+l +[dn)-gH"at, (13)

where: q =|—ER.
w
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Fig. 2. The disposition of the ferroprobe matrixeothe inspected surface

The intensity of magnetic field in the core of fgsrobe is calculated by the
method of sequence approximations

n 1 1 n n 1 n- n-
HO =2 ) o b s ] o)

the value of magnetic-flux linkage in the coredafoprobes is determined by formula
(8) after the solution of algebraic equations @) the calculations being made with the
account of the direction of current in the windirmdsemi-elements of ferroprobes.

In the usual of numerical calculations the valuemagnetic-flux linkages of the
excitement windingsy 4 (n), Yy, (n) are obtained and it permits to determine the

output voltage of ferroprobe from the ratio

0 () = 5 o )~ i ()] 2 - ) (15)
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where: waz(n):&; wbz(n):&; W, — number of turns of excitement windings
Wy Wy

and output winding.

CONCLUSIONS

The output signal of the single ferroprobe which aswged the vertical
component of the scattering field of defect witbraadth 2b=0,2 mm, depth t=0,5 mm
and length a=10 mm on a flat surface of stBEK18 are calculated. The distance
between ferroprobe and surface of steel h was R irhe ferroprobe core has a
geometric parameter 3x0,5x0,025mm; a winding ofitation has w, =50 coils; an

output winding — w, =30 coils. The ferroprobe was excited by unipolar ifsps

with an amplitude 15V and duration 1 mks. In thg 8 the plot of an output signal
single ferroprobe is shown at transition one abdive defect (dashed line) and
ferroprobe, which were in an environment 10, 6 4rdrroprobes in the matrix.

The distances between the cores of ferroprobe ropgde = % =1. Relative

change of the transformation coefficient of therderobe in the groups 10, 6 and 4
form the valuex is shown on the fig. 4.

The charts snow that the stronger change of thesfwamation coefficient is
obtained at. < 1 and depends on the quantity of cores whiclhosad the ferroprobe.
The obtained data correspond to experimental oives ¢n [Vinokurov V.E. 1991].
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Fig.3. The plot of output signal of ferroprobe tbe three groups of cores 10, 6, J0at % =1



THE THEORY OF MATRIX MAGNETOSENSITIVE SENSOR 157

10.

11.

12.
13.

14.

10
065 1
06 / P

/ /
04

/ / 6
02

/ "
005 w5 20 2%

Fig. 4. The plot of conversion coefficient of fgorobe in groups
10, 6 and 4 again the distance between cores

|
.

AN

REFERENCES

Fener R.T., 1975.: Finite element method for ergimeMac Millan, New York.

Forsayt J., Malkolm M., Mouler K., 1980.: Machinestinods of mathematical calculations.
Moscow: Mir, 277.

Gaichenko V.Y., Yakovenko V.V., Shagrov G.N., LoykA.V., 1992.: The digital
accelerometer residual induction. Instruments axukeBEmental Techniques. 1, 239.
Kalantarov P.L., Tseytlin L.A., 1986.: Calculatiohinductance. Reference book. Leningrad:
Energoatomizdat, 488.

Krotov L.N., Shleenkov A.S., Scherbinin V.E., Buiyy O.A., 1985.: The converter of the
magnetic field on the basis of transition procegsescircuit with nonlinear inductance. Flow
Detection. 1, 27 — 33.

Miroshnikov V.V., 1999.: Ferroprobe with enhancealblidrancestability for polyelement
sensors. Technical Electrodynamic. 2, 74 — 76.

Miroshnikov V.V., 2000.: The function of transfortien of second harmonica ferroprobe.
Vestnik East-Ukrainian National University. 9 (3irt 2), 122 — 125.

Miroshnikov V.V., Romanenko A.V., 2000.: Matematskaya model polya datchika nad
ferromagnitnoy poverxnostu. Visnik dergavnogo ynsitety “L'vivs’ka polytexnica”, 387,
480 — 483.

Pekker I. 1., Pekker M., Kirsanov A.G., 1975.: d&eRhet magnitnogo polya s vozdushim
zazorom metodom integrirovaniya po istochnikam poBlectromechanika. 1, 118 — 122.
Polivanov K.M., 1974.: Theoretical basics of anctieal engineering, part Ill. Moscow:
Energy, 282.

Samoylovich G.S., 1976.: The nondestructive contfoinetals and wares. Reference book/
Edited of G.S. Samoylovich. Moscow: Mashinostrog@@3 — 284.

Shimoni K. 1984.: Teoreticheskaya electrotechnikascow: Mir, 763.

Shvedchicova 1., 1996.: Three-dimension numericagmetic field calculation in the
ferromagnetic cores. Electromagnetic phenomenaiimear circuits. Poznan, 121 — 124.
Stepanov A., Sikori R., 1990.: “Modelirovanie elekhagnitnix poley v electrotexnicheskix
ystanovkax”/ Pod red. Stepanova A., Sikori R.. Kiégchnika, 188.



158 Vadim Mirgskov, Nikolay Karmanov, Sergey Kostin

15. Suhorukov V.V., 1975.: A mathematical design of te&ctromagnetic fields is in
conductingenvironments. Moscow: Energy, 152.

16. Tamm |.E., 1989.: Osnovy teorii electrichestva. btms: Nayka, 504.

17.Tozoni 0.V, 1964.. Matematicheskie modeli dlya hetea electricheskix i magnitnix poley.
Kiev: Naykova dymka, 304.

18. Vinokurov V.E., Zolotovitsky A.B., Shleenkov A.S1991.: “To the problem on application
multi-element ferroprobe converters for a measurgm& distribution inhomogeneous
magnetic fields” Flow Detection. 12, 70 — 78.

TEOPUA MATPHYHOT'O MATHUTOYYBCTBUTEJIBHOI'O JATYUKA
HA OCHOBE ®EPPO30HJ0OBOB

Bangum MupowmnuxoB, Hukogaii Kapmanos, Cepreii Koctun

AHHOTanus: B cTaThe paccMaTpHBArOTCS MAaTEMAaTUYECKUE MOJIENH OIS, KOTOPBIE TI03BOISIOT OIPENENITh
B3aHMOJIeHiCTBUE (DEPPO3OHIOBLIX DJIEMEHTOB B MATPHUIIE C BIMSHHEM IIOCTOSIHHOTO MArHMTHOTO IIOJIS.
Mopenu m03BOJISAIOT BHIIONHATE YUCICHHOE BHIUUCICHUE dJIEKTPOMATHUTHOTO HOJIS B DJIEMEHTaX, CO31aHHBIX
Kak oOyacTblo Jedekra, Tak U IOJEM BO30YXJICHHEM. BEBIYHMCICHHS MO3BOJISIOT MONYYaTh JAHHBIE JULL
PALMOHANIBHOTO HCIIONBb30BaHHUs (DEPPO30OHIOBBIX 3JIEMCHTOB B MAaTpHIE, a TaKkXkKe JUIs ONpPEeJCICHUS
nepefaToyHol QYHKIUH MATPUYHOTO YyBCTBHTEIFHOTO JJICMEHTA.

KuroueBble c10Ba: KOHTPOIb Aedekra, obnacts aedexra, heppo3oHa.
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CALCULATION OF THREE-DIMENSIONAL FIELDS
IN TASKS OF DEFECTOSCOPY

Vadim Miroshnikov, Nikolay Karmanov, Sergey Kostin,
Natalie Martynenko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary: The mathematical models of magnetic field, whidbvato determine. leakage field of defects
considering of a presenting the researched doneainrhagnetic cores of the magnetically sensitieenent
are considered in article. The models allow to ei@aumeral calculation of an electromagnetic fialdores
created by both the field of a defect, and thedfekcitation. The calculation allows to receiveadator the
rational arrangement of ferromagnetic cores, arab @b determine the transformation function of the
magnetically sensitive element.

Key words: magnetic field, field of defect, defectoscopy.

INTRODUCTION

In defectoscopy the solution of field tasks of cddtion of leakage field of
defects, forming of a field in cores of magnetisteyns etc. is the basic condition of
creation of highly effective inspection systems.eTlask of calculation of a
magnetostaticfield can be divided into three stadé the first stage the mathematical
formulation of a problem based on the Maxwell'saun is developed and reduced to
getting the integral or differential equations oronsidered boundary problem. At the
second stage the simplifications and assumptiomisinibution of fields and sources in
considered domains are entered. The third stagievsted to getting of numerical
results.

According to the modern publications devoted tobpgms of the numeral
solution of magnetostatics tasks, three methodsherenost common: finite difference
method (FDM), finite element method (FEM) and imgquation method (IEM).

In FDM the problem is initially formulated as difemtial equations in partial
derivatives [Demirchan K.S., Chechyrin V.L., 198Bin V.P., 1985; Marchyk G.I.,
1980; Samarskiy A.A., 1971]. In the researched donaaquantity of discrete points
associated with the set — grid, and functions afticmous argument associated with
functions, determined on a grid. For each meshtpdifferential difference equation
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associated with differential is written approximgtevhich consideration of boundary
conditions, make system of the algebraic equations.

The theory FEM for the solution of the elliptic eqions is expound in works
[Zenkevich O., Morgan K., 1986; Sil'vester P. FarR, 1986; Streng G. Fix J., 1977;
Norri D., de Friz J., 1981]. This method is redudedresearch of global function
representing the considered phenomenon in all paiftanalyzed domain. The whole
domain is divided into final adjacent subareas affielements), the sought global
function is drawing in parts on each of these eleimne

The main drawback of FEM and FDM is the necesgityimit the calculated
domain which leads to more calculation errors. €her of results of calculation by
these methods can be determined by realizatiorméated calculation with increased
number of elements.

Recently IEM based on the theory of the potentiflsorface or volumetric
distribution of field sources has been used wid&yinberg G.A., 1962; Aleksandrov
G.A,, Fillipov E.S., 1983; Tozoni O.V., 1975]. Trdtion from differential equations of
the electromagnetic field to integral equations disne by the Green function.
Characteristic in IEM is the existence of the lakgeiety of the integrated equations,
differed on properties of solution and of the forafswritting. Therefore the search of
economic mathematical models and constructiondfettéve computing algorithms of
the solution of the integrated equations is rativgent. The analysis of the references
on IEM shows, that its using is most expedient abculation of three-dimensional
fields.

OBJECTS AND PROBLEMS

The magnetic field in homogeneous anisotropic emvirent is created by
distribution of direct currents with densﬁy located in domairV,, limited surfacesS.
The vector of inductancB and the field vectoH submit to the equations

rotH=49 @)

divB =0 2)
in domainV; and to the equations )

rotH=0 (3)

divB=0 (4)

in unlimited domain Ve, which is external in relation t&;. Choosing the Cartesian
system of coordinates, where datum liney, z are parallel to the main lines of tensor
of absolute permeabilityﬁa=p0uij, and let i, a diagonal tensor of relative

permeability, andp,,p, .1, to be its diagonal components (other componengs ar
equal to zero). Then
B =i ot Hy+ j tiotty Hy + K tio 4, H; . (5)
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Put vector potential by means of a correlati®r rotA . Granting thatH = 3 is
Ha

from (1) and we get the equation relativeAo
rotérob& = U0 (6)
a
Having entered new expression for vector potenti&l = [1,5\ , assume
divAl =0. (That the given condition can be really execldedt is established below).
Then, after replacement variables /[, Xq, y=\/Eyl, z=,/l,Z;, the equation
(6) can be written down as one vector Poisson'atému
?AL 0°A 0*°A

- -
=~ o Hy My 1O - (7)
6x12 6y12 6212 0Py

The solution of the given equation can be writtewd as

- 1 -
Auq = Hokhcky Hy 5 — [ og——- (8)
Viq

Passing to original coordinatex, y, z and function A, we receive for it the
following expression

- 6 \V/
Aq = Ho| Hx Hy 1y %W\J;l [ Rap 9)
where:
2 2 2
Ra = ba=x)", Ba=o)", (a=2) (10)

Hy Hy Hy

Granting thatA; = ZA , it is easy to notice, that a conditiaiivA; =0, with the
help of which (6) received (7) is carried out, if

a

R YA
dIVq\J; I = =0. (11)

If divd =vaZ+Db? in volumeV;,, that follows from the equation (1), then the

equality (11) will be identity at anyone differeadtie function, put on a pIacR;,‘1
[Tamm I.E., 1976]. Thus, the formula (9) really ggvthe solution of the equation (6),
through which vector® andH can be evaluated in equations (1) — (4). In paldic

rotA

for the field vectorH = we receive the formula

Ha
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0 1 [5p' F]

Hg = dv,, 12
VA \j/ RGP 2

where: T = T(xq —xp)+](yq —yp)+R(zq —zp); and the functiorR, is determined

by the formula (10). For a linear current with feicn the closed circuik the formula
(12) becomes

g [dip, T
Hy = .
Aty | RS

]dvp . (13)

This formula evaluates the Biot-Savart-Laplace l&w homogeneous anisotropic
environment.

There is the formula similar to (9) that will beedsin construction of the integral
equations:

- 1 .- dS
Aq = Mo~ Hx My Hy _~m|p_pdvp ) (14)
amig " Ry

where Tp is density of superficial currents.

The exceptional vector potential also needs thaspatential for calculation of

a magnetic field in piecewise homogeneous anis@repvironment. The differential
equation for it, is got out from the equations 48y (4):
0° 02 0°

0T, Ty, T,

15
X ay? (15)

The fundamental solution of the given equatiorhes ﬂunctiorR;il, whereR, is

determined by the formula (10). Considering, thatsome domain of anisotropic
environmentV the volumetric magnetic charges with dengitare located, doing the
same as at a formula construction (9), it is pdsdibfind:

1 de

g = [ Pp
AT [ttty Ra

— and the similar expression for potential of afgignlayer of charges distributed on a
surfacesS:

ds
1 o p

_477\/,Ux,uy;uzg] PR,

9q (16)

Nothing, that potential (16) satisfies equation)(@&erywhere outside &.
Considering nowadays the technique of the construdtf the integral equations,

we use the following model problem. The constamtents with given densitys, are
located in unlimited domaiv, of anisotropic environment with diagonal tensor of
magnetic permeabilityl ., = Yol (fig. 1).
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K,ﬂ“

=~

S

Fig.1.

The internal limited domaiV; is also filled with anisotropic environment with
the diagonal tensor of magnetic permeabilily; =UoH; (H; #H.). The constant

currents are located in domafg OV, . The vectorsl:li, Fle of a secondary field
caused by secondary sourc&sshould submit to the equatiori?fe — equation (1) in
domainV, and equation (3) in domaiy-Vy; a vectorHi — equation (3) in domain
V.. The vectorB should satisfy with the equation (2) in all spa@e;ludingsS.

On environment interface the conditions of a caritintangential components of
making complete field vectors should be carried: ddit=H;+Hg;, Hs =Hg+Hge .
The vectorHOi of a field of the given currents is determinedyoiml domainV; on
conditions that all space is filled of homogeneaussotropic environment with
tensonl,; , similarly the vect0|1:|0e is determined only in domaM, on conditions that
all space is filled of homogeneous anisotropic emment with tensqi,.. According

to the given representation of an external fietthgential components of vectors of a
secondary field should submit to a boundary coaoditi

|:ﬁ,|:|e—|:|i:|=|:ﬁ,|:|0i—|:|oe:|. (17)
Besides on a surfac® the normal components of the induction of a coteple
field B/, B} should be continuous. It will give one more bounydzondition
(ﬁa[/e He= /4 Hi)z(ﬁlﬂi Hoi~ fe I:|Oe)- (18)

To construction of the integral equations in theegitask it is necessary to apply
the domain separated method, according to whichdidmainsV;, V., the special

representations for field vectol:ﬂi, Fle should used. In domak, a sought vector we

shall present abl = rotAe . WhereAe we shall determine by the formula (14). In result

Ay = —t m_[ip’ re]dSp, (19)

g~ 3
4rmg s R3e
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where: M, = /UM M,; Rge is determined by the formula (10) at
Hx = Hxes uyzuyel Mz =Hzer X=Xey Y= VYer 257,
In domainV; vectorl:li is determined as gradient of potential (16):

o0 =5

47714 mj s Rgu

iq (20)

where: M = MU H,; Ry is determined by the formula (10) at

Hx =Hyeir Hy =Hyis Bz =Hz, X=X, Y=Y, 257

In expressions (19), (20) vectore‘q, He are determined outside &. To use
boundary conditions (17), (18), it is necessaryfital limiting value of expressions
[ﬁ,ﬁe], [ﬁ,Hi], (ﬁ,[ze He), (ﬁ,[zi Hi) on a surface S. Considering that the pajnt
is normal to a surfac8 in domainV, (outside ofS). According to it S as a Lyapinov
surface [4], we shall take up expression

~ Agl iy, T
T G
Using the formula[a[b c” (a b) where a,b,é are an arbitrary

vectors, reduce (21) to assume:

[q' } Eﬁ'( )p

In this expression atJS the second part is improper integral, that is jidsgo show
with the help of the theory of potential [GunterWN, 1953]. In the first part we shall

Xe ,yj_: ye.Z]_: Ze,

U‘jre( a)sp. (22)

4rmeg & Rge

make replacement of variables; = with the result

that it looks like

where: index "1" indicate on using coordinatex;, VYi;, 2z;; and

2 2 2 : . .
R1=\/(x1q —xlp) +(y1q —ylp) +(zlq —zlp) . This expression is normal
derivative of potential of a simple layer with déylsflp. Its limiting value on S is
known [Gunter N.M., 1953]:
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Uﬁ 1p (nlq,sRl) dSpq = ; +_ Uj Ep (nlq,sRl) ds,. (23)
R1 a_s, R

Coming back to variables,, Ve, Ze and substituting the received expressions in
(22), we shall receive, that &

[ﬁq,ﬁeq]:i;+ 1 m[ﬁq[i—p’ Feﬂo|sp. (24)

2 4mmg g Rge

The limit of expressior{ﬁ,ﬂi] on a surfac&, where the vectoI:Ii is submitted

by the formula (20), is singular integral existing the principal value [Mixlin S.G.,
1977]. In result, substituting the received expmss for [ﬁ,ﬁi], [ﬁ,ﬁe] in boundary

conditions (17), we receive first of the soughegral equations:

- Ag| ip: T o
iq +2n:::neus‘]|: q[;ge ei|:| P ZWemIUSj p[Rgl :|dS =2 [ﬁquOiq_HOqu(zs)

For construction of the second integral equationisitnecessary to calculate
limiting value onS with the expressior(ﬁ,[/i Hi), where H, is determined by the

formula (20). Doing the same as at a formula caictitvn (23), we shall receive, that on
S

- o, 1 N
(n#H) 7p+4ﬂmisap(R§.)dS (26)

The limit of expression(ﬁ,ﬂe I:Ie) on a surfaceS, where the vectoH, is

submitted by the formula (19), is singular integtal result, substltutlng(n aH )and

(24) in boundary conditions (18), we receive secohthe sought integral equations:

p ' 3
2nm| S ai S Rae

1 (Ag:F) 1 (ﬁq[‘l[i—p' Fe]) L
Op+———10p| ~—5— ke |dS, + dS, =2(ny, it Hoi— i Hoe | -(27
[ﬁpI:R:g 1] p2ﬂmem p (q:ui Ol,UeOe)()
The equations (25), (27) form sought system ofgrdk equations are for the
solution of the following model problem. The comsth; is added to a nucleus of first
integral that is equivalent to execution of a ctindi

flopds, =0, (28)
S

which is necessary for unique system solution (€5)).
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Fig. 2.

If the sources of an external field are locatedrigaV;, the sought system of the
equations can be constructed on the same wayebMatensity of a secondary field is

determined asl = O

— , where:
Ha
- - ds
Ai = ~1 ip P
ArflpeMi 5 Rai
There is this are¥, H, = -0, , where:
1 ds
Pe = []j ’

The formulas for defined value{sﬁ,ﬁi] and (ﬁ,[/e I:|e) onS are

[ﬁ,lﬂ:—ii+ ! m[ﬁq[rp' FiﬂolsID (29)

2 4mmig R

L - o 1 Ny, T
(n,yaeHe):—7p+4meSap(Fjg:)ds

0 (30)

After substitution of expressions fdﬁlo, He in boundary conditions (17), (18)

and using the correlations (29), (30) the followsygtem of the equations similar on
structure to system (25), (27) will turn out:

- m[nq[lm riﬂdsp+

27m; g R3;

o, [ﬁq’Fest =2 [fig,Hoi~Hoe | (31)

- P p
2MheMe 5~ R3e

1 (Ag) 1 (ﬁq v F'J) Lo s
ds, ds, =2(n,,Hpi—H 32
o ¥ 27mg @Jp RS, P 2Mlime g RS P (nq o Oe) (32)

This system has the unique solution, if akgas one connected system. The
integrated operator rather in the second equation does not need updatingheas
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integrated equation of an external Neumann's proliias the unique solution. If the
areaV; is biconnected and limited by surface of a torbtgpe, it is necessary to use an
additional condition as

§(i.Ae a1 =0,

|

e

where: I, is closed circuit laying on the external partSf i is the unit vector of
normal tolg, laying in a flatness, which is tangentSo(fig. 2). The given condition

provides equality to zero of circulation of a vercﬂée on any circuit covering the
surfaceS. After multiplication onkjn, it should be added to the equation (31), that will
supply the unique system solution of (31), (32).

CONCLUSIONS

The offered technique of construction of the ingtgd equations allows to
calculated leakage fields of defect consideringagiresenting the researched domain
ferromagnetic cores of the magnetically sensitiment. As the cores deform a field
of defect and they are sources of an electromagfietd, so exact definition of size of
a field of defect necessary for the subsequennitiefin of the size of defect, needs the
joint solution of system of the equations descibas a field of the core, as a field of
defect on a surface of test object.
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PACYET TPEXMEPHBIX MATHUTHBIX ITOJIEN B 3ATAYAX TE®EKTOCKOITAA

Bagum Mupomnukos, Hukonaii Kapmanos,
Cepreii Koctun, Hataabsa MapTbiHeHKO

AHHOTanms: B craThe paccMaTpuBalOTCS MaTeMaTHYECKHE MOJEIH I10Jd, KOTOPhIE MO3BOJIIOT ONpPEAEATh
1osie paccesHus Ae(eKTa C yd4eTOM HaXOXJCHHA B pacdyeTHOH obiacTu (heppOMarHUTHBIX CEPACYHUKOB
MarHUTOYyBCTBUTENBHBIX ~ JJIEMEHTOB. Mojenu IO3BOJISIOT — BBIIONHATH  YHCICHHOE  BBIYHCICHHE
9JIEKTPOMArHUTHOTO IIOJIsl B JJIEMEHTaX, CO3JaHHBIX KaK 007acThio JeeKTa, TaK U IOJIEM BO30Y)KIAECHHEM.
BblunciieHust TO3BONSIIOT II0/Ty4aTh JAHHBIC I PAlMOHATIPHOrO HCIONB30BaHHA (eppOMAarHUTHBIX
CEepJICYHUKOB, a TAKOKe IS ONPEISICHHS IePeJaTOYHON (pyHKIIMH MarHUTOYYBCTBHTEIBHBIX DJIEMEHTOB.

Ki1ioueBble cji0Ba: MarHUTHOE 110Jie, 001acTh JeeKTa, NedeKTOCKOH .
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THE COOLING DEVICE OF LOCOMOTIVE
WITH VAPORIZING COOLANT

Valentin Mohyla, Nikolay Gorbunov, Yaroslav Sklifus

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary: The analysis of the intensification methods ofthte@nsfer processes, a comparative analysis of
the effectiveness of the radiator sections whery therk in the traditional system and using themaas
condensing unit in the evaporative cooling systawetbeen presented.

Key words: diesel, radiation section, condensing unit, coplaeat transfer ratio, pressure.

INTRODUCTION

The cooling devices of modern locomotives are kntavhe the main consumers
of the power transferred from the diesel for thgiltary engine needs. For instance, for
locomotive 2’2116 this power is 225,6W [Filonov S. P, Gibalov A. I, Nikitin E. A,
1996] (10,02% of the diesel power), 183\ giving out on the fans and pumps drive
of the cooling device of the locomotive. Besidé® heat exchangers of diesel engines
are made of expensive scarce non-ferrous metalsnifmaopper and its alloys)
[Lebedev P. D., 1972], and significant dimensiofghe elements of cooling devices
are serious obstacles when weighing and settingytecbowerful diesel locomotives
[Drobinsky V. A., Egunov P. M., 1980]. All thesecta indicate a great importance of
measures and scientific publications devoted toirtirovement of the cooling device
of the locomotive.

THE MAIN OBJECTIVE OF THE ARTICLE

To improve the efficiency and to reduce the dimensiand materials of heat
exchangers of the locomotive cooling device, ihésessary to analyze and systematize
the methods of intensification of heat transfed &mconsider their impact on the flow
of heat transfer process and the functioning ofdbeling system as a whole. Much
attention will be paid to the water-air radiatoctsen (the most expensive element of
the cooling system) where locomotivd2116 will be taken as an example. In this
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paper, a comparative analysis of the effectivenésise radiator sections of the size BC
(68 tubes, plates step 2.3 mm, the surface ar@9 aff, operating height 1206 mm)
[Kulikov U. A., 1988] for their work in the tradiihal system and using them as a
condensing unit in evaporative cooling system.

RESEARCH ANALYSIS

There is a great deal of scientific works devotethe problem of improving the
efficiency of the radiator locomotive sectionsthis research it was determined that the
main factors affecting the intensity of heat transfre [Isachenko V. P., 1975]:

1) geometrical parameters of the radiator (and thegmee of turbulators)

[Vinogradov S. N., Tarantsev K. V., Vinogradov O, 3001];

2) the velocity of coolant circulation in the tubes;

3) the mass flow rate of cooling air in front of thagiator sections;

4) temperature difference.

The influence of these parameters on the dimensidnthe radiator can be
represented in the following formula [Kamaav A., Apanovich N. G., Kamaev \A.,
1981]:

S:|Q|(1+ 1, 1 ;
t w _t a KF 2UWCpWS\N 2UanaSa
where:ns — the required number of radiator sections;
Q — the heat load of the device, W;
t' — the input temperature of the radiafi@;
K — the heat radiator section ratio, W
F — the surface area washed by air, for one seatin,
u — the mass velocity, kg/@s);
¢, — average specific heat capacity, kJ / (kgK);
S— a cross section for heat transfef, m

Indicesw anda are used for water and air respectively.

To go back from the mass velocity to linear one tteough simple relationa =
wp [Wong H., 1979].

Fig. 1 shows the dependence of the heat trandferabpure radiator sections on
the factors listed above [Shamshin A. A., Renovl.A.1971] (Note: the graph also
shows the curve corresponding to the mass raté 8tékg /(nfs), which is of the the
same actual value as on locomotived21L6 [Bugaevsky S. B., 2006]).

As it can be seen from the graph, the effect on thaasfer ratio of the radiator
coolant circulation speed in the tubes is much lothan the influence of the mass
velocity of cooling air. This is explained by thect that the heat transfer ratio of the air-
water section of the radiator can be presentetig@rfdllowing formula [Kamaew. A.,
Apanovich N. G., Kamaev \A., 1981]:

K =

1)

1

(i+é)i+i @)

a A'F a,
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where:K — the heat transfer ratio of the radiator sectif(m?K):
o — the heat transfer ratio, W/tK);

0 — the wall thickness, m;

2 —the ratio of thermal conductivity of wall matriW/(mK);

F — the surface area washed by the coolaft, m
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Fig. 1. The dependence of the heat transfer cdfpure radiator sections on the rate of coolant
circulation in the coolant tubes in sections atedént values of mass velocity of cooling air

Indicesl1 and2 are used for water and air respectively.

In this case, the heat transfer ratio from thésafi8 ... 175 W / (AK), while the
heat transfer ratio from the water is equal to 4656400 W / (fK) [KamaevA. A.,
Apanovich N. G., Kamaev \A., 1981]. It is quite obvious that the heat transétio of
the radiator section depends mainly on the compoblep However, when comparing
the traditional cooling system and evaporativeeaystmass flow rate of cooling air is
not tied to the processes occurring in the coolant depends only on the fans
performance [Malinov M. O., Kulikov U. A., Chertdk. B., 1962]. Hence, the further
mass velocity of the cooling air will be taken amstant and equal to 8.6 kgAsh
[Bugaevsky S. B., 2006].

THE PROBLEM SOLVING

Now taking an example of "cold" circuit (the cogimf the engine’s oil), we
consider in more detail the influence of the ciatigin rate of the coolant in the radiator
tubes of the sections on the effectiveness andiefity of the cooling device of the
locomotive. As it is seen in Figure 1, the increimsthe circulation speed of the coolant
leads to an apparent increase in the ratio of hediitor sections. However, it also
increases the value of hydraulic resistande radiator sections (fig. 2), and
consequently, the costs of power for pumping thelard in the cooling system. In
addition, the continuity equation of fluid flow [fizhyumov S. D., 2007] shows that
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the increase in fluid circulation rate in the radiasections results in increase in fluid
circulation rate in pipes and water-oil heat exgenHydraulic resistanc#p of water-
oil heat exchanger can be calculated by the forrfiKdemaevA. A., Apanovich N. G.,
Kamaev V.A., 1981]:

3)

b9, =2, (031 f, +14)(wip,) /2
it
where: 4p,, — hydraulic resistance of water-oil heat exchangethe water way of
water-oil heat exchanger, Pa;
. — the number of coolant moves (water), Wi
L; —the full length of the tubes, m;
di; — the inner diameter of the tubes, m;
f: — the ratio depending on temperature and wateritg|
w,, — the speed of water in tubes, m/s;
pw — the water density, kgfn
It is seen from formula 3 that the value of hydmauésistancelp of water-oil
heat exchanger is also steadily increasing (fipwth the rate of coolant circulation in
the cooling system.
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Fig. 2. The dependence of hydraulic resistancéevelocity of circulation of coolant:
1 - hydr. resistance of one section of the radj@&erhydr. resistance of water-oil heat exchanger;
3 - total hydr. resistance of "cold" circuit

Let’s consider the work of "cold" circuit of evapdive cooling system [Mohyla
V. ., Gorbunov N. ., Sklifus Y. K., Shevchenko R., 2010]. The main features of
such a system are:

a) the speed of the liquid coolant in the evaporébater-oil heat exchanger) is
zero;

b) the movement of steam from the evaporator to ¢bedenser unit is
independent (without any work applied) because ofsgure difference in the
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evaporator and condenser units associated witheplrassitions [Isachenko V. P.,
1977].

Pointa indicates the absence of power costs in the eaamorexcept for small
costs for adding the coolant to maintain a conslignid level. However, considering
the fact that the mass flow of coolant by evaporais at about 54 times less than when
heated (at a temperature drop in heat exchangéCl1(Mohyla V. 1., Sklifus Y. K.,
2010], we can conclude about low power costs pdaerndding the coolant and can
neglect them in future.

Pointb makes even greater interest. If the heat trarsfdiace of the capacitor
unit is reduced, the amount of exhaust heat woa'ehough for the condensation of the
incoming steam. Having arranged a compressor betloge condensing unit, it is
possible to achieve a constant value of mass flowteam, having applied a certain
amount of power. It will result in the steam pumpetb a closed volume with high
pressure, leading to an increase in its actual ¢éeatpre [Vukalovich M. P., Novikov I.
I., 1968] and the condensation [Mohyla V. I., SkdifY. K., 2010]. The consequence of
the above given information is that we get the éase in the temperature drop, which
leads to the increased intensity of the heat teansff condensing unit according to the
formula [Zhukauskas A. A., 1982]:

Q=FI[KIAt (4)

where:Q — the quantity of the heat output, W;

F — the heat exchange surface areg, m

K — the heat transfer ratio, W/K);

At — temperature difference (the difference of averagnperatures of the coolarf(,

For water and liquid solutions of [Gerasimov Y. Gegjderih V. A., 1980] the
increase in pressure within the three atmosphergsi®the increase in the temperature
of condensation (boiling) of about 0.198 per kPa [PozirM.E., GrigorovO. N.,
1966]. Thus, having applied the same power tocthmant circulation in the radiator
sections working in the traditional system and wheimg them as a condensing unit,
we also obtain the increase in temperature draperevaporative cooling system.

Taking into account the fact that the heat transftio o; during the condensation
is equal toa, of the traditional system, and is significantlgtér thanx,, and ignoring
the slight increase ilK when the temperature drop is increased, we wilkena
comparative graph of the dependence of requiredtivel surface area of the heat
transferF’ on the pressure of coolant in the radiator sestmfip’ for "cold" traditional
circuit and evaporative cooling systems (fig. 3n).the graph on the vertical axis the
relative heat exchange surface aFéawhich represents the ratio of the actual surface
area of heat transfer surface afeaf a radiator sectionfg = 29 nf) is shown. The
horizontal axis represents the pressure of codteatite radiator sections which is the
ratio of the actual pressure taking into accatmto atmospheric pressupg .

The graph in fig. 3 shows that when = 1,334 (which corresponds to the
hydraulic resistance of radiator sectiafgs= 33.77 kPa at a coolant circulation rate
1,4 m/s [Bugaevsky S. B., 2006] in the traditiooabling system), the required relative
area of the heat transfer surfd€e of the condensing unit 2.767 (13.766 %) lowentha
F’' of traditional radiator system. With further inaee inp’ this difference increases.
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Fig. 3. The dependence of the required relativiasararea of the heat transfer on the pressure
of coolant in the radiator sections: 1 - traditibc@oling system; 2- evaporative cooling system

CONCLUSIONS

When using the radiator sections in the evaporativeling system of diesel
engine it is possible to raise the temperatureeddfice by increasing the coolant
pressure by means of a compressor that has aveosifiect on the overall size of the
refrigerator of the locomotive. Thus, evaporativeoling system is superior to the
traditional one, even under the existing costsafigr and with the further increase of
the section capacity of the locomotive this sugitsias becoming more significant.
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OXJIAJKJTAIOIIEE YCTPOMCTBO TEILIOBO3A
C UCITAPUTEJIBHBIM KOHTYPOM TEIIVIOHOCHUTEJISL

Banentnn Moruia, Hukoaaii lopOynos, fpociaas Ckiaudye

AnHoOTanus. B cTaThbe mpeAcTaBlIeH aHAIH3 METOAOB HHTCHCH(HKAUH IIPOIIECCOB TEILIOOOMEHA, IPOBEICH
CpaBHUTEIbHBII aHaN3 3()GEKTHBHOCTH PaJUaTOPHBIX CEKIMil MpH paboTe MX B TPAAHIMOHHONH CHCTEME H
IPH HCIOIb30BaHUH HX B KAUE€CTBE KOHJICHCATOPHOTO 0JI0Ka B UCIIAPUTEIILHON CHCTEME OXJIAXKICHHS.

KuroueBble c10Ba: au3elib, PajuaTopHas CEKIMs, KOHJICHCATOPHBIA OJIOK, TEIIIOHOCUTEIb, KO3 HUIMEHT
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IMPROVING THE ENERGY EFFICIENCY OF DIESEL
LOCOMOTIVES BY RATIONAL USING THE ENEGRY OF
ELECTRODYMANIC BRAKING

Valentin Mogila, Yelena Nozhenko,
Oleg Ignatev, Vladimir Nozhenko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The results of the studies of rational using thergy of electrodynamic braking of the locomotive
have been presented. A locomotive scheme where aoment of the braking energy is taken away to fuel
zonation, the efficiency of which is confirmed Ihetresults of theoretical and experimental reseashvell

as the scheme of the locomotive where some amduhe draking energy is taken away to produce hyelno
have been developed.

Key words. A locomotive, a diesel, an electrodynamic brakmdyel.

INTRODUCTION

The railway transport holds one of the leading fi@mss$ in Ukraine's economy.
The traffic volume of the Ukrainian railways takdse 4th place on the Eurasian
continent, and the traffic density exceeds theitepuropean states’ indicators in 3-5
times [Sergienko 2010]. However, the moral and p@svear of the rolling stock of
Ukrzaliznytsya (UZ) (99% diesel locomotives and 838b electric locomotives
[Sergienko 2010]) and accordingly, the increasedt aaf rail transport reduce its
competitiveness, which is especially importantWiraine to get out of economic crisis
and for the Final of European Football Championghip012.

One of the major priorities of restructuring UZtistake measures to reduce the
energy consumption.

OBJECTS AND PROBLEMS

The main factor determining the cost effectivenafsany means of transport is
the complete use of its technical facilities [Kueoe 2004], the rational use and
economic consumption of energy resources. AccortiinfOsipov, Mironov, Revich,
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1979], the efficiency ratio (ER) of the locomotigepends on the technical perfection of
all the systems of the locomotive on the whole:

,7I0k :ndiesel Izyp.t. w’ (1)
where: /]gece) - ER of the diesely7,, - ER of the power transmission8 - the

coefficient taking into account the amount of powaken away for the additional
needs.

Thus, the issues of increasing the energy effigiesfcthe locomotive cover the
operation of the vehicle as a complex multifunctiogystem, both at the design stage,
operation, the solution of the above mentioned lgmbrequiring a complex system
approach.

When the energy efficiency of the locomotive in gi®n is increased, the
greatest effect can be achieved from the use oémleegy of electrodynamic braking of
the locomotive, the maximum value of which is 1,2 N, of the diesel locomotive
[Basov, Bykadorov, Mishchenko, Naysh, 2006]. Toniifg the ways of rational use of
the energy of electrodynamic braking for the neefithe locomotive, including the
increase in its fuel efficiency, more research awmdluation of the expediency and its
possible use are needed.

The experiments on the locomotives in the mode le€tedynamic braking
showed that the power developed by the tractiororsds 1300 - 4000 kW, and diesel
locomotive power in a brake mode is superior icttoa in the 1,2 - 1,3 times (table. 1)
[Krasnyanskaya 1979

Table 1.Diesel locomotive power in traction and brake mode

The series of the diesel Power kW
locomotive in traction mode in brake mode

130 2206 1300

140 2941 1800
TE114 1912 1300
2TE116 2206 2700
TEP 70 2941 3600
TEP 75 4411 3600
2TE121 2941 4000

The analysis of existing designs of electrodynalomakes showed that according
to the method of accumulation and use of obtaineakibg energy, all the known
technical solutions can be divided into [Goluberndagila, Nozhenko 2007]:

- anenergy storage device with a mechanical engcgymulator in which
the energy is used for acceleration (the flywhétkighin 2005], the
pneumatic accumulator [Miagkov 2002], the springatrushev 1999));
— an energy storage device with the heat energymaglator in which the
energy is used for additional needs of vehicle frak2003];
— anenergy storage device with electrical and chah@nergy accumulator

in which the energy is used for additional needsvehicle Kossov, Azarenko,
Komarnitsky, 2007].



178 Valentivogila, Yelena Nozhenko, Oleg Ignatev, Vladimir Nemko

The analysis of the use of braking energy on tlwerwtive showed [Mogila,
Nozhenko 2007] that the efficiency of electrodynainiake does not meet the modern
requirements as for the economic criteria:

- 84 - 90% of the energy is absorbed by the eddgtmamic braking resistors that
are through transforming it into heat, dissipatatid the environment;

- other ways to use this energy in the locomotthe ¢reation of the compression
moment in diesel, the drive of auxiliary machingh use of energy storage, the use of
energy storage devices etc.) proved to be ineffecéind therefore are not currently
used.

Taking into account the above mentioned facts aadeth on the complex
approach to solving the problem of energy efficien€ the locomotive, there was an
attempt to construct a locomotive scheme with ttiedl’ use of braking energy (fig. 1)
[Mogila, Nozhenko 2010],where it was proposed te itsfor various needs of the
locomotive, beginning from the use of energy steragvices Kossov, Azarenko,
Kornev, Komarnitskiy, 2008], activation of the warg media [Golubenko, Tiupalo,
Nozhenko, Mogila, Vasilev, Ignatev, 2009], eledtation of sand [Gorbunov,
Kravchenko, Popov, Kovtanec, Nozhenko, 2009], oing hydrogen [Lakhno 2003]
and ending with production of carbon monoxide frdme exhaust gases to use it for
creating the microclimate and improving the tracticharacteristics [Gorbunov,
Kravchenko, Kovtanets 2009].

To the contakt To the contakt
“wheel-rail” “wheel-rail”

‘ |T0 THE DIESEL| To the friction | f
_ vapors

Heat
for system of The increase of —j/\i .
ereating traction | The increase of | TO THE DIESEL

microclimate qualities Activation of fuel traction
t ' and lubrikant materials.

Produci
Producing CO, Producing ozone Energy of sand hglodrl;?:;?

\ / Compressed|m.| Supercharged
air
—_—
chorgy
DIESEL Energy

. ‘ WHEELS accumulators
pagepyegy ;
- ‘ Energy ‘ ‘
. ot ‘ of moving ‘V/ Drive of Drive of
S auxiliary traction
‘ equipmant el. engines

Fig. 1. The locomotive scheme with rational us¢hefbraking energy

All the proposed methods to use the energy of mldghamic braking, many of
which seem to be extravagant, are perspectiveeqdre a detailed study.

The scientists from the East-Ukrainian National wénsity named after
Volodymyr Dahl worked out two of the proposed methoto use the energy of
electrodynamic braking, i.e. the activation of thel and lubricants by ozone and
obtaining the hydrogen to be added it to the fuel.
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The use of ozone as an oxidizing additive to fieehot new in the scientific
world. Even in the 50 years of the twentieth centilrere were studies on the use of
ozone as an oxidizer of rocket fuel [Pappok, Sed®ri962], which afterwards were
implemented into life [Doktorov 2000]. For the mpfael, the ozone was considered as
an oxidant instead of the traditional air mixtuide researches in this direction were
carried out in the late 80's - early 90's both im country [Stepanov, Dychkov, 1968;
Lewis, Elbe, 1968] and abroad [Lee, Park, Cha, @hga05; Stan, Guibert, 2004
Gluckstein, Morrison, Khammash, 1955; Nasser, Morrdames, 1998]. The
prerequisites of using ozone instead of oxygenbased on its physical and chemical
properties. A detailed study of petrol ozonatiorthwihe purpose of reducing fuel
consumption and the emissions of exhaust gasebldi®tako 2000] has been done and
it was proved that the ozone delivery in the feahiore efficient than the delivery of the
ozonized air to the carburetor.

The scheme of implementing the proposed methodnofeasing the energy
efficiency of the locomotive is shown in fig. 2 [Rleenko, Mogila, Basov ets. 2010]. It
includes the following: some energy of electrodyi@abraking, which is generated by
traction motors TEM, is taken from the braking sésis R and is spent for ozone
production, which is in the bubble chamber (forrapée, located in the fuel tank) fills
the fuel with ozone (DF®,;), activating it and giving it new properties (besa of its
high oxidative capacity), and further the powettaiiation of the locomotive works on
the ozonized fuel (DIESEL).

Thus, the increase of the fuel efficiency of dieaall the rational use of the
energy of electrodynamic braking are achieved, Wwiaikows eventually to improve the
efficiency of the locomotive as a whole.

System of Fuel tank

produsing ~

ozone 03

DF+0) | piESEL

Fig. 2. The scheme of use of the energy of elegtrathic braking
for obtaining ozone with further ozonized fuel

Experimental and theoretical studies of the ozonsvation of diesel fuel
showed that when implementing the proposed systemlosomotive ZE116U,
produced by JSC HC “Luganskteplovoz” at a certational ozone concentration in the

fuel kOz = 0,125 g/l the decrease in average operational ¢donsumption of the

effective specific fuel consumption was 1, 6% (tesults of the studies on the positions
of controller driver are shown in fig. 3).
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Fig. 3. Changes in specific fuel efficiency for ské16GHN 26/26 of locomotiveTE116U
in operation according to the diesel characteristic

Thus, the greatest effect of the fuel ozonation whserved in 11 position of
controller driver, where the effective specific feensumption decreases by 2,5%. The
results of changing the exhaust opacity of the egh@ases on the positions of the
controller driver are shown in fig. 4.

It is also developed and tested by us method afguaiworthless power of EDB
for producing hydrogen from water or steam thaifigreat interest due to its technical
unigueness. Hydrogen, when combined with an oxidizées the first place in calories
per 1 kg of among all the fuels used to generaettity and heat. An obstacle to the
wide use of hydrogen in energy is an expensive wagbtain it, which in certain cases
is not economically justified, as the electrolysis reactor installations applied are
inefficient and energy intensive.
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Fig. 4. The change of the exhaust opacity at ojeraiccording to the locomotive
characteristic of diesel 16 GHN 26/26 of locomot2i=116U

Therefore, in our opinion, on locomotives with E@tere is a real opportunity
periodically to produce hydrogen and then use itliasel fuel. One of the features of
the method and system as a whole is the superhstgadh by heating water of the
cooling wall of the electrolysis or reactor inssibns. The investigations showed that
the final products of the molecular decompositioh soperheated steam may be
hydrogen and oxygen in proportion 1:5; hydrogengetynitrogen mixture; the
hydrogen-nitrogen mixture, and ozone. It dependsthen design and technological
parameters of the installation associated withvileage and amperage values applied
to the electrodes, the water vapor and temperatoinsumption, air consumption and
many other factors.

CONCLUSION

The analysis of the problem of energy efficiencg Bhown that it is reasonable
to use the energy of electrodynamic braking ofltioemotive. It was found out that the
percentage of energy when it is returned to thetammetwork by electrical diesel
locomotives is 5 - 8% (Lviv Railway, 2004 - 2008)dais growing every year, and on
01.01.2004 the recuperation of the electrical diesmmotives’ energy was equivalent
to 1,7% of total UZ costs. In this regard the pregle for improving the energy
efficiency of diesel locomotives by means of usithg energy of electrodynamic
braking are the promising way of improving the modelling stock.
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MOBBIIIEHAE SHEPTETUYECKOM 3®®EKTUBHOCTHU TEIJIOBO30B
3A CHET PAIIMOHAJIBHOI'O UCITIOJIb30BAHUSA DHEPT'UN
SJIEKTPOAMHAMMNYECKOI'O TOPMOXEHUSA

Bajgentun Moruaa, Enena Hoxenko,
Outer Urnatbes, Bragumup Hozxxenko

AnHoTanus. IlpencTaBieHbl pe3yabTaThl HMCCIEAOBAHMHM IO PAllMOHANIBLHOMY HCIIONB30BAHUIO DHEPTHU
2NIEKTPOJMHAMHIECKOTO TOPMOXKEHHS TeIUI0Bo3a. Pa3paboTana cxeMa JOKOMOTHBA ¢ 0TOOPOM YaCcTH SHEPTHU
TOPMOXKCHHMSI HAa O30HMPOBAHME TOIUIMBA, S(P(CKTHBHOCTH KOTOPOH MOJATBEPXKICHA pe3yJbTaTaMU
TEOPETHYECKHX U DKCIEPUMEHTATbHBIX HCCIEAOBAaHMI, a TakKe CXeMa JIOKOMOTHBA C OTOOPOM 4YacTu
9HEPrUH TOPMOXKEHUS Ha IIOTydeHHEe BOJOPOAA.

Kuarwuesble ciioBa. .HOKOMOTI/IB, JAU3€Ib, JICKTPOAUHAMHUYIECKOEC TOPMOKEHUE, TOILIUBO.
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MANPOWER ROLE IN TRANSPORT LOGISTICS
IN GLOBALIZATION CONDITION
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Summary. In the conditions of economy globalization the intional transport lanes, providing accelerated
promotion of great substantial goods streams betlee countries and continents on the basis dfdiniction
of modern logistics technologies of cargo deliverg intensively formed.

Key words: transport, logistics, globalization, economic, imgggo.

INTRODUCTION

The basic signs of economy globalization are irggamal trade expansion,
activation of the migratory processes covering wes® base of world production,
strengthening of integration interaction of the ciies.

In international transport lanes (ITL) goods gratiin zone great traffics are
concentrated and the coordinated interaction ofver®us types of transport providing
accelerated and qualitative transportations of @asgwith a high degree of service on
the basis of uniform documentary based ones, tteugh rate of tariffs is carried out
and at full responsibility of the forwarding agefdperator) for all transportation
process.

ANALYSIS OF LAST RESEARCHING AND PUBLICATIONS

Recently development mainstream development andegiem of transport
service in manufacturing sphere, distribution anodpction consumption abroad is the
logistics. 25-30% of a total national product oddeng foreign countries are connected
with logistical systems, such, as the USA, Japha,Great Britain, France, Germany.
Industrial production and standard of living groviththese countries in 70-80th years
are often connected with introduction in practideponciples of logistics [ Arnold B.
Maltz, James R. Giermanski, David Molinf 1996, INREARGO, 2010,
INTERCARGO, 2005, Caren W. Currie 1996].
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GOAL OF RESEARCHING

In article importance of application and the furtltevelopment of logistical
system is proved. Thus, improvement of professiskil of corresponding manpower -
strategic problem in which the system of remoténing substantially helps to solve,
improvements of professional skill.

MATERIALS AND RESULTS OF RESEARCHING

Logistics consideration as the factor of increalseomnpetitiveness assumes, that
consequences of accepted decisions in the givenshieuld be given into measurement
in respect of their influence and functional expenand for incomes from sales of the
goods and services. In this connection the proldéfinding away the control of costs
and the indicators most correctly reflecting comination of logistics with the basic
economic and financial indicators of firms is steted.

As the logistics influences almost each aspechefaccount of profits and losses
of firms, therefore respective alterations in ltige strategy influence financial results
of activity of firms and bring the mite in maintere of their long-term viability. The
firms which have taken as adopted logistical sggteonstantly analyze it. The profit
and the invested capital are exposed to the caaehllsis also to be convinced as peak
efficiency of use of resources.

Experience testifies, that use of principles ofidtigs allows to reduce essentially
the cost price of production at the expense ofdeorease in "stocks" by delivery under
the minute schedule of raw materials, the halfsfieid products, completing products,
etc. to a bookmark place, to a workplace at thevepor, during installation; reduction
of expenses by packing and marks at the expengseodf a wide spectrum of kinds of
containers and returnable container; reduction®mfis of preselling preparation of the
goods; use of the paperless documentation; decieasepenses for installation and
installation of the equipment at the expense of o$erailway and automobile
conveyors, ships with horizontal or dock loadingl amloading (type vessels "ro-ro"
and "ro-flow") [IMO 1996].

The considerable part of logic operations on a whynovement of a material
stream from a primary source of raw materials beforal consumption is carried out
with application of various vehicles. Expenses farformance of these operations
make to 50% from the sum of the general expengdsdgstics.

The technologies of cargo transportation connectgth concentration of
transport streams and growth of container tranafiorts on intermodal to transport
lines, become a basis of a uniform global transpetivork of the XXI-st century and
should be improved constantly.

Transport - branch of national economy which sssfrequirements of all
branches of a national economy and the populasdieratransportations of cargoes and
passengers [IMO 2004].

Transport is organically entered in industrial aradling processes. Therefore the
transport component participates in setting ofdtgs problems. At the same time there
is independent enough transport area of logistitswhich the multidimensional
coordination between participants of transport pssccan be considered beyond direct
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communication with the interfaced is industrialar@house sites of movement of goods
stream.

As problems of transport logistics first of all areferred the problems which
decision strengthens coordination of actions addisites of transport process.

Logistics application in transport is the same asmianufacturing or trade,
transforms counterparts of the competing partiés tine partners, complementary with
each other in transport process [Jankowski J., Boiggt M. 2007; John L. Kent, Daniel
J. Flint 1997].

The logistics as it was marked, is the uniform técs, technology, economy and
planning. Accordingly, it is necessary to carry meanance of technical and
technological associativity of participants of sport process, the coordination of their
economic interests, and also use of uniform systeindanning problems of transport
logistics.

The aggravation of competitive situation in thenort market in the conditions
of scientific and technical process in 60-80 yehas demanded from agency and
forwarding firms in close cooperation with induatrand transport agencies carrying
out of the whole complex of the actions directedderfection of management by their
activity on the basis of use of electronic-compuéeilities, and also the interconnected
technical, organizational and commercial actiolewdhg most rationally to provide
transportation of cargoes in concrete directionsnfthe sender to the consignee. Thus,
improvement of professional skill of correspondimgnpower - strategic problem in
which the system of remote training substantialglpk to solve, improvements of
professional skill.

These actions in large firms have poured out in sgstem of the organization
and management of transport-technological systami$) [Lloyd's List 2010; Lloyd's
List 2008; Paul R. Murphy, James M. Daley 1995].

One of them represents close combination of dglgrational practice in market
conditions with research activity for creation niroduction of new methods of ways of
cargoes processing, transfers goods being daredisgaccomplished as well as with
other documentation, loan and designing of nhewimidpacking, marks of cargoes and
design of the goods which are meeting the requinésnef safety, safety of using,
transportation and demands of corresponding skill of shots are referred different
aspects of international logistics, which differerfi inside logistics for example by
papers exchange channel availability. A numberapfgps referred to international cargo
shipping as a rule is great. Besides internatitogibtic efficiency depends on currency
exchange variations because these variations caesghant flows change. Government
of different countries try to influence to foreigrade particularly due to the fact that
goods and services export favor currency economfjyences positively balance of
trade of the country and national currency cou@Gevernments may also act against
import, inducing fees and other limits which ardlezh sometimes non-tariff barriers.
Governments subsidues development of national Meitcfieet and airlines [Douglas
C. Long, Donald F. Wood 1995; Philip B. Senary, & &kjott-Larsen 1995].

International raw materials and substances supghpases the search all round
the world initial substances for a certain techgadal process.

As international logistic being complex type ofigity, many companies refer to
professional for rendering assistance in export @mgort bargain. As these foreign
professionals are considered cargo forwarding @gencarriers not in ships tonnage
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possession (NVOCC), customs brokers, export packedsothers [Arnold B. Maltz,
James R. Giermanski, David Molinf 1996; Donald FoMl, Anthony Barone, Paul
Murphy, Daniel L. Wardlow 1995].

At last separate elements of forwarding processgablace in export goods
forwarding are referred in the chapter. These estshipments to the port or air port
loading on air craft board of the ship and goodggihg by sea. International goods
substance stores maintenance problems are exposes ¢hapter briefly.

So, for example, for constant directions of tramsgtamns and for the cargoes
defining the basic turn of forwarding firm, COMPUREprograms are made, working
under demands of certain personnel knowledge.

Forwarding firms personnel should provide econoamd rational delivery of the
goods (beginning from raw materials and finishinighwinished article) in demanded
quantity and in demanded terms. It has appearesiljesvhen technical maintenance
of computers communication of commodity producerghwforwarding agents
computers has been reached, and including use le$ptce communications, an
exchange between them is provided by electroniaichentation and the information
and acceptance by means of the COMPUTER of the rgemptimum operative
decisions.

More important role in logistics will be held byeetronic data interchange. It
differs from traditional exchange of oral messagesl document, EDI provides
Computer data interchange between sellers and vuperpresent EDI in logistics is
widely used for booking orders transferring andems requirements handling for
rendering services. EDI not only speeds up thegeoof handling orders but lessens
mistake possibility [Caren W. Currie 1996; David Bentzel, Gary J. Sease 1996;
Donald Skelton, Donald Thoma, Michael E. WalczaR@]9

Internet appearance has changed basically logiattsity, because new forms
of business appeared and develop and this reliabte cheap all round the world
network is being explored by logistics managerst&wys of scientific intellect will be
widely spread in logistics operations, considerthgir high potential in orders and
rendering services [Global Logistics Research TednmMichigan State University
1995].

Having been trained specially competent and hagotgcorresponding education
in the field of transport logistics, the personhak an opportunity to use methods and
conclusions of transport logistics as a controllitgcindustrial and trading processes,
intraindustrial inspection behind movement of rawatemials, materials, finished
articles.

From the end of 80th the experts problem in thkl faé transport logistics have
started to become complicated: shipper of cargespartations in the mixed message
has started to be transformed to the forwardingntgperator of the general
distribution that includes direct participationiirand the bank financing all operation in
its complex.

As the basis of corporate logistics the thought #ech campaign, and in some
cases and branches, it is expedient to separategtakto account the integrated
planning manufacturing it is reasonable to separasnufacture and trade from
distribution by transfer in full or in part logiss functions in hands of the specialized
companies owning all completeness of accumulastorage and information sale. To
leave on the one hand calculation of requiremems gesources, the equipment,
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manufacture, the capital, shots, and with anothdixtpurchase of materials and energy
carriers, storage and transportation, sales managienecycling and waste utilization.

During similar logistical problems decision forward and agency firms take up
production functions of completion, profound praieg of raw materials and half-
finished products, distribution of its finished ielés between consumers. For
simplification and rationalization of these opewas they carry out intermediate
purchases and resale’s of the goods and by thatadige on the centralized supplying
activity.

Management of transportations — the typical log#tifunction directed on
maintenance of productivity and efficiency of regutransportations of cargoes and
passengers.

Application of logistics principles in practice lzaue possible only at certain
level of development of computer facilities, sKilvel of the personnel, its ability to
accept, process and transfer the information. Bantegral part of all kinds of logistics
is obligatory presence of logistical informationestm (information logistics), including
data about stream of the goods, their transfercgssing and ordering with the
subsequent delivery of the ready information.

Thus, problems of managers, experts in the fieldtrafsport logistics have
become complicated much more. New prospects irfigfe of the organization of the
international transportations, opening in the ctods of globalization, demand
knowledge and practice in various areas of thergsaence, ability to work with huge
files of the information, and to be able to trangfe

Shots are the important component of system oftamg. Shots are a potential of
any organization, a source of increase of competigss of the enterprise in long-term
prospect. The great value is given to their sedectind preparation.

In the conditions of the market interest in impnmeant of professional skill of an
available manpower is considered as the factorighuy effective activity of firms —
participants of process from manufacture befordiza@gon of finished goods and
competitiveness of the enterprises participatingTis.

CONCLUSIONS

In the last chapter are referred some problemstwimostly will influence future
development of logistics. It is supposed that theseds will change substantially
logistics sphere. Fast growing trade and operatiaills take new shape. National
companies will depend upon export and import aterfoil extent. Some companies
will become multinational.

Services sphere extension is expected in the whrldeans that the economical
activity share concerning rendering services wiltrease and a share of economy
connected with goods manufacturing will decreasmistics systems is required to be
reorientated from substantial goods delivery fordering services.
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POJIb TPYJIOBBIX PECYPCOB B TPAHCIIOPTHOM JJOTUCTUKE
B YCJIOBUSX I'NIOBAJIM3ALIMN

I'puropuii Heuaes, I'anuna I'apkyma, Mapuna MakapeHnko

AnnHotanus. IIpuBoautes 0630p npobiieM (HOpPMHPOBAHMS MEXTyHAPOIHBIX TPAHCHOPTHBIX KOPUAOPOB, B
YCIOBUSX — I00aNM3alliM  OKOHOMHUKH, OOCCIEYMBAIONIMX  YCKOPEHHOE  IPOJBIDKCHHE  KPYIHBIX
TOBapOMAaTEpHANbHBIX TTOTOKOB MEXKIY CTpaHAMHU U KOHTUHEHTAMHM, JAIOTCS NPaKTUYECKHE PEKOMEHIAIHU
BHEIPEHUS COBPEMECHHBIX JIOTHCTHYECKUX TEXHOJIOTHH TOCTaBKH TPY30B.

KuroueBble €J10Ba: TPAHCIIOPT, JIOTHCTHKA, MI00aIH3a1Hs, SKOHOMHKA, MEXIyHAPOAHbIC HEPEBO3KH.



TEKA Kom. Mot. i Energ. Roln. — OL PAN, 2011, 11A, 193-19

METHOD OF QUASIFREQUENCY-PHASE SPEED
CONTROL OF INDUCTION MOTORS

Boris Nevzlin, Dmitry Polovinka, Dmitry Serhienko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. Method of speed control of induction motors dowanirthe nominal, multiple of integer, by
overturning the corresponding half-waves of sindabivoltage is proposed. Through the use of thespha
method of voltage regulation, this method allowssthstand the constant ratio between the frequemzy

voltage. The circuit diagram that implements quesifiency-phase method is developed, and desigrufarm

for determination of the moment of time of the phasglet, of the speed of asynchronous motors. Figs. 3,
sources 20.

Key words. Quasifrequency-phase method, speed control, urderéncy, speed control, induction motor

INTRODUCTION

Speed control of induction motors (IM) is necesséoy many technological
processes. For example, IM are used as a drivheirexhaust fan on the boiler and,
depending on the intensity of the burning fuelésessary to adjust the value of draught
in the exhaust air ducts, notably, induction maioeed.

There are following methods of speed control of ibhange in the number of
pole pairs, undervoltage, rheostatic control (diolyIM with wound rotor), frequency
control. Undervoltage is inefficient because théage drop leads to a reduction in the
rigidity of the mechanical characteristics,so tisthod is used for speed control drives
with a fan loading. Rheostatic speed control ofifMused only for motors with wound
rotor, and electric drive that implements this noethhas low efficiency. These two
methods allow to adjust the speed of IM just dovemtf the nominal. Frequency method
allows to adjust the speed of IM both up and dowamf the nominal. However to
realize this method is not always possible, becétiseexpensive due to the presence of
controlled rectifier, autonomous inverter, whicloshl work in the modes of forced,
artificial and natural commutation. For IM of higlapacity to solve problems with
commutation is rather difficult because of the &igductance value. [Chilikin M.G.,
1981]
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UNDERFREQUENCY OF SUPPLY SINUSOIDAL VOLTAGE OF IM BY
PARTIAL RECOMMUTATION OF HALF-WAVE

The essence of the proposed method is to lowerfribguency of supply
sinusoidal voltage in integer number of times bgnitng relative to the axis of tinte
some half waves of sinusoid. For example, with eéasing of frequency in half, as
shown in fig. 1, is necessary in the first periddl to turn the negative half-wave, and
the secondT2 turn positive half. Next, in odd periods all regeas in the first period
T1, and in even periods, as in the second perioda fesult, in odd periods will be two
positive half-wave, and in even two negative.

From the oscillogram in the fig. 1, shows that 1l& harmonic of voltage on the phase
winding of IM has period:
Ty =T+ T, (1)

Hereby, the frequency of the supply voltage in B&pd two times, compared to
the frequency of the network, properly, and thesgpgecreases two times.

In this case, the ratio should be maintained:

fﬂ =const (2)

where: U - the effective voltage on winding of IM;, - the frequency of 1st harmonic of
supply voltage of IM [Gusev V.G., 1990].

Fulfilment of the correlation (2) is realized bying the phase method of
regulating the effective supply voltage, notablgniol valves are opened to the delay
in the phase angla and, properly, the winding of the IM is fed by pthe shaded part
of the half-wave of sinusoid (fig. 1). Due to thibe area of half-wave of the first
harmonic of supply voltage with low frequency coble equal to the sum of the areas
of shaded parts of two half waves of supply voltagel the condition (2) will be
implemented.
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Fig.1. Oscillogram of underfrequency of supply agk in 2 times
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With decreasing frequency in three times as showiigi 2, it is necessary in the
first period T1 to turn a negative half-wave, the second pefi@to leave intact and in
the third T2 to turn a positive half-wave. Next, all repeatsairtycle: in 4, 7, 10, ...
periods of half-waves turn, as in the 1st periad3,511, ... periods remain intact, as in
the second period, and periods of 6, 9, 12, .f-aVes turn, as in the 3rd period.

From the oscillogramin the fig. 2, shows that tis¢ Harmonic of voltage on the
phase winding of IM has period:

Tys=Ty+Tr+Ty 3)

t

v

T

Fig.2. Oscillogram of underfrequency of supply agk in 3 times

The proposed method allows to adjust the speedlafidwn from the nominal
and in reasonably wide range, while the frequerfcsupply voltage of IM is a multiple
integer.

SCHEME AND OPERATION
OF QUASIFREQUENCY-PHASE CONVERTER

The process of turning half-waves of sinusoidalpdyproltage is realized by
thyristor quasifrequency-phase converter, by comatiut of windings ends of BP at a
certain time with a corresponding phase, or "zero".

The stator winding of IM is connected to one enmatigh a thyristor or transistor
group of valves (thyristors or transistors) of certer by turn with phase and with
"zero" (single-phase or three-phase motor, conoectstar) or the other phase (three-
phase motor, connection —delta). The other wineimgdj of IM is also connected through
another group of valves (thyristors or transistm&onverter by turn with phase and
with "zero" (single-phase or three phase motor,nestion — star) or the other phase
(three phase motor, connection — delta), but inphase relatively the first group of
valves of the converter.
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Fig. 3. Scheme of thyristor quasifrequency-phaseeder

In parallel, oppositely connect thyristors VS1 wits2, VS3 with VS4, VS5
with VS6 and VS7 with VS8. Winding beginning of tphase L1 is connected with
thyristors VS1, VS2, VS5 and VS6, and the end & thinding is connected with
thyristor VS3, VS4, VS7 and VS8. Not connectedhe phase winding of IM leads of
thyristors VS1, VS2, VS3 and VS4 are connected tithphase of the power supply 1,
not connected to the phase winding of IM leadshgfistors VS5, VS6, VS7 and VS8
are connected with another phase of the power gUpoplthe neutral wire) 2. Block 7
maps connection of winding L1, thyristors VS1-VS&hase 1 and second phase
(neutral wire) 2 for one phase winding of inductigmtor. Controlling electrodes of
thyristors VS1-VS8 are connected with control cird®. The other two phase windings
of the induction motor, which are contained in l®®& and 9 in fig. 3, are connected
with other phases of the power supply (or neutrakw3, 4, 5 and 6 through the
thyristors, which as well as phase windings aresiawn in blocks 8 and 9. Blocks 8
and 9 are structurally the same as block 7, buhected with other phases of supply
voltage. Controlling electrodes of thyristors irotkts 8 and 9 are also connected with
control scheme 10.

When dividing the frequency of power by 2 circuitfig. 3 works as follows. In
the first period of network frequency when on phasmmes a positive half-wave, then
must be opened thyristors VS1 and VS8 (see figb@),when comes a negative half-
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wave, then must be opened thyristors VS4 and V@&5eby, in the first period on the
winding beginning of phase L1 will pass only thespioe voltage half-waves. In the

second period the network frequency when on phasaries a positive half wave, then
must be opened VS3 and VS6 (see fig. 2), but wieenes a negative half-wave, then
must be opened VS2 and VS7. Hereby, during thimgesn the winding beginning of

phase L1 will pass only the negative voltage hadf@s.

In the control circuit 10 implemented phase voltaggulation, ie by changing
the angle of thyristors unlocking , which is shown in fig. 1 and fig. 2. Changing the
order of the turning on of thyristors can be obt¢dirlecrease of frequency by 3 times
(see fig. 2), as well as any other integral nundf¢imes.

DETERMINATION OF THE DEPENDENCE OF INSTANT TIME OF PHASE
ANGLE t, ON VALUE OF REQUIRED SUPPLY VOLTAGE FREQUENCY

Since it is necessary to comply with correlatio)) @r voltage and frequency, as
well as frequencies and voltages, decreased in4,&c. correlation (2) is written:
ﬂ:ﬁ:&:_”:ﬁ:const (4)
fn f2 13 fy
where: Uy, U,, U3, U, — effective network voltage, voltages by dividinfget
frequency by 2, 3 and, fy, f,, f5, f, — network frequency, the frequencies of 1st
harmonic, obtained by dividing the network frequemy 2, 3 andk [Gusev V.G.,
1990].
Network frequency fy and voltage Uy are known values. Decreased

frequencied,, fs, ..., f, can be determined through network frequehgy
f f f
2750 18773 K (5)

Hereof we get the correlation for determining thequired voltage with
decreasing frequency.

UZ:T; Ug=—=;. U, =— (6)

In the phase regulation effective voltage with éasing frequency is determined
for the half-period as:

Uk=(tcx_t1)[UN1+(t2_tu)[UN2 @)
-4

where: t;, t, — instant time of beginning and end of a half pgf network frequency,

sec., t, - instant time of beginning of thyristor unlockirag the phase angle, sec.

Ui, Upno —effective network voltage before and after thymistunlocking [Nevzlin

B.I., 2007].
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Su

Accept Uy, = " =0, since thyristors at this site of half-period atesed.
a4
Effective voltage is determined as:

S, _J Ume Sin@O

t,—ty t, —tgy
where: S;;and S, — curvilinear area on plots frofg =0 to t, and fromt,tot, (see
fig. 1 and fig. 2).

Since voltage Uy; =0 (see fig. 1 and fig. 2), the effective voltage hwit
decreasing frequency is determined for the halfepleas:
jf: U,p Bin@ O G)dt

)
-4

Since effective voltages of network and decreassgliencies must be equal, it is
appropriate to switch over stom the correlatioreqtiality of effective voltages to the
correlation of areas equality of the half-periodletreased frequency:

8

Ung =

Uy =

S, =k ;2 Uy Bin( Gt )t (10)
S, = jokmz% [$in(2 D‘[EE M)dt (11)

where: S, —the total area which consists & half-periods in the half-period of
decreased frequencs, - the area of half-period of decreased frequency.

After integration, the dependence (10) and (11¢ tale form:
EposQ 0n@ @, ) —cos@ i [12)

S =k, > (12)
U CO{ZBT% mj—co{zm% [112)
S,=—m23 (13)
k 2En%

With the fulfillment of condition of areaS; and S, equality (see fig. 1.) obtain:

KU, $OSRITIf [t,) —cospIn(f(t2) _ Uny 3—co£2[n[f [t2) (14)

2 2
As a result of (14) gives the dependence of indiarg of the phase angle, on

network frequency and division factor of frequency:

. arccoEl— n —00{2 b, Ew/kj

15

a > (15)

Parametert, directly depends on network frequentyand can be defined as:
t, = (16)

ot
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After the transformation (15) with (16) finally abh the dependence of instant time of
the phase anglé, on network frequency and division factor of freqeyn

o
arccop™
e 17

t. =
° 20l
The results of calculations with underfrequency2i6 times are tabulated in
Table. 1

Table. 1. The dependence of the instant time of phasegle t,
on the division factor k of frequency at network frequencyf =50Hz

k 2 3 4 5 6
sec. 0,005 0,006082 0,006667 0,007048 0,007323

ax:

The received analytical dependence of instant bfqghase anglé, on network

frequency f and division factor of underfrequendy, allows to calculate precisely
instant time of phase anglg at which the ratio will be observed (4).

CONCLUSIONS

1. The proposed method quasifrequency-phase speedokarft induction
motors allows discretely control the speed with stant rigidity of mechanical
characteristics of IM.

2. The analytical dependence of instant time of phasgle t, on network

frequency f and the frequency decrease factd&r at which the observed
correlatiorlJ / f = constis obtained.

3. Proposed a method for decreasing of electrical lossesBP with
guasifrequency-phase speed control of IM by chandiegrstant time of phase angle
tyx depending on sequence number of half-wave of supgtage during half-period

of decreased frequency.
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CNOCOBb KBABSUYACTOTHO®A30BOI'O PEI'YJIMPOBAHMS YACTOTBI
BPAIIEHUA ACUHXPOHHBIX IBUT'ATEJIEU

Bopuc Hep3aun, Imutpuii IlosoBunka, JImurpuii Cepruenxo

AnHoTtanus. IIpeioxken cnoco6 perylIupoBaHUS YacTOTHI BPAICHUS aCHHXPOHHBIX JBHTATeNeH BHU3 OT
HOMUHAJILHOM, KpaTHOM IIENBIM 4YHCJIAM, 3a CYeT IEPEeBOPAYMBAHUS COOTBETCTBYIOIIUX IIOIYBOJH
CHHYCOMJAJIbHOTO HANpsDKGHMS IHTaHHA. 3a CUET HCIONb30BaHHA (Da30BOro MeTona peryanpoBaHUs
HaNpsDKEHUsT 3TOT CHOCOO MO3BOJIIET BBIACPIKHBATH IOCTOSHHBIM COOTHOLIGHHE MEXAY YacTOTOH U
HanpsbkeHneM. PazpaboTaHa NpUHLMITHAIBHAS JIEKTPUUECKAs CXEMa, PEalH3yolas KBa3nuacTOTHO(a30BbIi

CI0CO0, M NPEUIOKEHBI pacueTHbIe (GOPMyJIbI UIsl ONPEICICHHs MOMEHTa BpeMeHH (asosoro yrma Ty or

4acTOTHI BpaLlleHHs ACHHXPOHHBIX JBurarene. Puc. 4,uct. 20.

Kawuesbie cioBa. KBa3M‘I&CTOTHOCI)&30BI)II\;I CHOCOG, pEeryJIupoBaHUE€ YacCcTOThI BpaAlICHUS, NOHHKCHUC
qacCTOThI, aCMHXpOHHI;IfI JBUTaTCIIb.
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TECHNOLOGICAL PECULIARITIES OF FORMING
OF AXISYMMETRIC UNREINFORCED CONCRETE PIPES

Vladimir Pilipenko

Donbass National Academy of Construction and Aectitre

Summary. The results of experimental theoretic investiyati of properties of modified concrete for
manufacturing of axisymmetric unreinforced prodwats introduced in this article. There have beepgsed
the ways of passage the main contradiction of teldlyy of concrete with the aim to get special higlality
concrete.

Key words: modified concrete, cement matrix, extractionypall, liquid phase.

INTRODUCTION

The recovery of high effective artificial buildingpnglomerates is possible by
modifying the structure of cementing matrix and gete [Ramachandran, Feldman,
Boduen 1986, Batrakov 1998, Adylkhodzhaev, Soloma®93, Pilipenko 2010]. Thus,
the modification of concrete’s structure is destinedprove technologic and service
properties of material. It's possible the change ofekas of gain of physical
characteristics and final values of concrete strengtimadifying [Sviridov, Kovalenko,
Chesnokov 1991, Babkov, Sahybgareev, Kolesnik ahdr&006, Kaprielov, Travush,
Karpenko and other 2006, Solomatov, Vyrovoi 199asdhenko 1991, Glukhovsky,
Runova, Maxunov 1991, Rudenko 2010].

At present only separate attempts of physical modifinaof concrete, for
example, at its vacuum processing are famous [Bazh@@®b, Batrakov 1998,
Glukhovsky, Runova, Maxunov 1991, Sakai, Sugita5l9® this case the limited
guantity of water of mixing is spiked in concrete npxoviding optimal response
execution of hydration of cementitious agent. Thesegoent vacuum dewatering
changing the initial concrete composition leads ®dkep modification of its structure
formation. In particular, the density and strength afmaterial is considerably
increasing. It should be marked that the physical neadibn of concrete leads to the
change of character of fixation of particles of cetitimmus agent [Hewlett 1998, Glekel,
Kopp, Akhmedov 1986, Adylkhodzhaev, Solomatov 198@nosawa 1997].
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OBJECTIVE AND SUBJECT OF RESEARCH

The objective of present research is the developmwistientific and technical
foundations of technology of modified concrete fbe production of unreiforced
axisymmetric goods.

The limited quantity of produced and applied uni@iced concrete pipes is
explained by the circumstance that the resistance rafrete by intensity of tension is
not considerable and makes up only 7...11 % of streofgtioncrete under compression
[Gvozdev 1987, Ruben 1986, Trifonov, Dodonov, Kugoe 1998]. This problem is
complicated by the main contradiction of technolofigoncrete:

- for the elevation of strength of concrete undesien is necessary the decrease
of water-to-cement ratio (WC) up to the values near to the normal density of oéme
water paste at simultaneous fiscal cement restraint;

- for the elevation of placeability of concrete mx necessary the contrary
condition which — the elevation Y, the increase of water content and, thus, the
cement content.

The development of scientific foundations of techgglof high quality concrete
for the unreinforced pipes is possible by the compleitiom of specified
contradictions. For this is necessary to accept thlewing initial statements of
developing technology of high quality concrete:

1. The properties of concrete mix must be defined blyrtelogical conditions of
products’ forming;

2. The concrete composition is defined by predesigmejlect properties of
material in the product and, if necessary, it canediffom the initial concrete mix
composition;

3. The process of vibro impact impulsive compressibrtancrete of forming
product must provide the recovery of utmost compacicgire of material, especially
on coating surface of a product.

RESULTS OF EXPERIMENTAL RESEARCH

As the result of experimental theoretic research vioeke have been developed
the scientific foundations of the recovery of extighhquality concrete, technological
foundations of forming axisymmetric products, inclglithe new installation for
forming the concrete unreinforced pipes by vibro aetpimpulsive pressing. The
installation is destined for forming pipes with littilt having a nominal inside diameter
from 500 to 1500 mm and length up to 2000 mm. Forroingipes can be done in plant
and testing area conditions, on outdoor area, inetutimporary placing.

As it was supposed to achieve maximum strength andrprabfing of concrete
by unwatering of concrete mix in the process of vilbnpact impulse pressing, the great
attention has been paid to the definition of optimahditions of removal the surplus
amount of water of mixing out of it [Pilipenko 2010]

Intensive unwatering of concrete mix by vibro impauopulse pressing can be
achieved at optimal quantity of cement-water pastenaixture which is not only filling
the gapes between grains of carcass, but also removesfitte each other on the
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minimum distance. Thus, the concrete composition andneegif vibro impact impulse
pressing were defined under the condition of the vego of concrete with the
minimum remnant W/ C and maximum strength. The critefiulb compression of
concrete mix are the given level of extraction ofptus water of mixing and
achievement of average density of molded concrete rtearthe theoretical
(Kc =pc / ptheor> 0,97).

Experimental investigations of voluminal state of sireave been made on the
special laboratory installation. The special devicevegéhe opportunity to realize
pneumatically the impulsive air-feeding on cylindestpn. That has been imitating
vibro impact impulse compression of concrete mix amtoete with the simultaneous
modification in the developed technological procespmduction of axisymmetric
products.

The concrete mix of the product between pressing milagn device and
perforated timbering wall turns out to be in comprdsstate. Stress and strain state of
concrete mix leads to the motion of filler raw sta#ment and water one from another
under condition of the elevation of strain of ultimatrength to shearing. The great
meaning for the process of compression of mixture hasybkng of application of
stress from impulsive waves of compression and shuttieements of moving form
[Fedyaevsky, Ginevsky, Kolesnikov 1993, Shlikhtin@33p

The advantage of technology of vibro impact impulsegression of concrete of
pipes is:

- the combination of laying, compression and modiiama of concrete mix and
concrete in one process, including floating of inemdrical surface of a product;

- a high accuracy of geometrical dimensions of forngirgducts;

-an increased degree of mechanization of producadnminimal metal
consumption of equipment;

- a high productivity at a low energy consumption;

-an immediate demoulding operation at products ngakimetal saving of
technology.

The installation is also equipped with measuring agéstering apparatus for the
analysis of the value of inner pressure and motions.

It was established by the research work that at palysiodification of concrete
mix with the usage of vibro impact, shearing and i compression, the process of
structure formation leads to the change of morpholady crystallohydrates in
comparison with the usual vibrated concrete.

It was established by complex methods of chemical, yX-gghasic,
submicroscopical, adsorptive, porometric analysis thatntiorphological structure of
cementing matrix of concrete is characterized byahange of quantitative ratio of
volumes of cryptocrystalline, needle-shaped fibrous andte like prismatical
ingredients at the end of structure formation, whishl,5 times exceeding vibro
compressed and vacuum treated concretes.

The analysis of hygrometric state and differentiakritie analysis of concrete
confirmed that the quantity of chemically connectedtex in cementing matrix of
modified concrete exceeds on 23...39 % the analogiatd of concrete subjected to
vacuum treating and vibro compression.
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Due to undertaken studies was obtained the systeegafarities of vibro impact
impulsive influence on concrete mix which revealeel tbnsiderable differences of the
process of compression from the single impact and vibropcession. By this was
proved the appearance of zones of high intensive @ssjmn and strain which
alternatively change in time in the pyller of comgsieag mixture, there were also
gained the quantitative characteristics for the d#fim of parameters of compression.

It was established that the physical modificationaiarete is carried out by the
extraction of surplus water which takes place in lamiturbulent and non-continuous
modes. There have been obtained formulas describinethaarities of movement of
water-to-air phase depending on applied pressuresamathpters of transmissibility of
concrete mix and filtrational ports of form.

The developed technology is based on the combinatidrigh intensive vibro
impact impulsive compression and decrease of actu& W molded concrete up to the
level equal to the normal density of cement-watetgarl hus, the optimal parameters of
developed technology are provided due to the cosspe near to the theoretical level
at simultaneous extraction of surplus water of mixingectively with water-to-air
phase of concrete mix.

There have been defined the technological paramefgroportional unwatering
of concrete at the height of molded product dueh® results of undertaken studies
(W /C)remn= const.

The analysis of strength properties of concrete obthiby vibro impact
impulsive method of compression has been carried ouh@rsamples-cylinders and
kerns of equal diameter drilled out of unreinforcéglep. The results of research work
of strength properties of concrete are introducedbite 1.

The results of experimental investigations show thah wlite increase of the
quantity of extracted water from 18 to 24 % thergjth of concrete of vibro impact
impulsive pressing is notably increased. The strengtth@fsamples from which is
extracted the equal quantity of surplus water of ngixétt the equal regime of vibro
impact impulsive pressing with the usage of differeiahteters and conicity of filter
ports is nearly equal. But only with the increase lué thickness of the layer of
compressing concrete mix is increasing the time ofaekibn and the necessary
quantity of filter ports. It testifies that exactlyetiguantity of extracted water of mixing
defines the structural strength of compressed condrgtevibro impact impulsive
pressing.

As the criteria of evaluation of properties of filgorts proposed by us defining
the efficacy of the process of vibro impact impulsmessing of concrete mix and
concrete was proposed the coefficient of effectivmmession (CEC), which shows the
approaching of values (W / C)remn to the index ahpkd [W / C] = 0,253.

It was carried out the series of experiments to studyd#pendence of CEC on
given quantity of extracting surplus of water of miyi For the increase of accuracy of
obtained values of CEC of filter was defined as simpkrage of the results of three
observation values CEC at the quantity of extractvater of mix from 18 to 24 %.

It was marked that in the process of effective pressingoncrete mix at inlet
part of filter ports of form the compacted layer das formed. [Altshul 1990, Vulis,
Kashkarov 1985].
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Table 1.Physical mechanical characteristics of modified e¢mrete,

drilled out of unreinforced pipes with the length 500 mm

NoeNe Sample of test pensity 19 ;vrirage Stengh. l\g\F/):rage
e concrete in kerns . in kerns .
index index
Concrete, obtained by vibro impact impulsive metbbdompression
1 Cylinder 2480 2480 91,3 91,3
laboratory
Kerns, 2498 96,7
drilled out 2511 97,4
2 of pipes 2516 2512 98,6 99,1
with diameter 2516 101,0
500 mm 2517 101,7
Kerns, 2527 104,8
drilled out 2529 107,0
3 of pipes 2531 2530 111,6 110,3
with diameter 2530 113,4
1000 mm 2531 114,7
Concrete, obtained by traditional method
1 Cylinder 2235 2235 45,8 458
laboratory
Kerns, 2273 45,3
drilled out 2285 45,7
2 of pipes 2302 2298 46,2 46,1
with diameter 2314 46,8
500 mm 2316 46,5
Kerns, 2300 46,0
drilled out 2314 46,7
3 of pipes 2329 2327 46,8 47,0
with diameter 2340 471
1000 mm 2354 47,6

The results of experimental investigations show thah wlie increase of the
guantity of extracted water from 18 to 24 % thergjth of concrete of vibro impact
impulsive pressing is notably increased. The strengtthefsamples from which is
extracted the equal quantity of surplus water of ngxat the equal regime of vibro
impact impulsive pressing with the usage of differeiarebters and conicity of filter
ports is nearly equal. But only with the increase lué thickness of the layer of
compressing concrete mix is increasing the time ofaektn and the necessary
guantity of filter ports. It testifies that exactlyetlquantity of extracted water of mixing
defines the structural strength of compressed condrgtevibro impact impulsive
pressing.

As the criteria of evaluation of properties of filfgorts proposed by us defining
the efficacy of the process of vibro impact impulsimeessing of concrete mix and
concrete was proposed the coefficient of effectivmmession (CEC), which shows the
approaching of values (WC),emn to the index of planned [WC] = 0,253.
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It was carried out the series of experiments to studydépendence of CEC on
given quantity of extracting surplus of water of mixi For the increase of accuracy of
obtained values of CEC of filter was defined as simplerage of the results of three
observation values CEC at the quantity of extractvater of mix from 18 to 24 %.

It was marked that in the process of effective pressingoncrete mix at inlet
part of filter ports of form the compacted layer dam formed. [Altshul 1990, Vulis,
Kashkarov 1985].

In accordance with the conditions of investigations case of pressing of
concrete mix with the usage of concrete form wittefilports which size exceeds the
sizes of particles of fine aggregate the firm growwpes out of particles of fine
aggregate will be formed at inlet part of port.ehgranular pores of these copes will
fulfill a function of filters preventing loss of cemeMhile using the filters with ports
removed from each other on sufficient long distathould be expected the forming
not complete compacted layer in concrete mix bugeparate compacted dome-shaped
shells. Directly at inlet part of filter ports the eabf flow of extracting fluid is
considerably higher than in separate sections nedrgahe of filter ports. It can cause
external wash out of cementing particles that is tbafry-over from the surface of
concrete sample on the surface of the form. Layiage lof some section of mineral
carcass of cope near filter ports is limited as the abftow of extracting water of mix
is decreasing proportionally to squared distance flopbrt. The formation of washed
out zones should increase the rate of extractingususpater of mix because of partial
destruction of the shells with increased resistanclota f

The truth of these statements has been checked byiregpe The main method
of the study of structure of concrete compressed byovimpact impulsive pressing
with the usage of perforated concrete forms with diemef filter ports 1 mm and
2 mm, it was accepted the definition of microhardnesseaienting matrix of modified
concrete on thin sections with the size 55x55 mm.

The selection of method of investigation is due thlae tdefinition of
microhardness gives the opportunity to get the infeionaof structural mechanical
properties on limited sections of the sample [MoramREgourd 1999]. The
microhardness depends not only on crystallized fadiatsalso on mechanical ones:
pinhole rating; the presence of internal stressesgBI899]. The type and concentration
of new formation, the peculiarity of capillary ingpace, microdefects, and uniformity
of microstructure influence the microhardness of cdimgmatrix.

In conducted experiments was used fine grained canofetomposition 1:2. It
is due to the presence of coarse aggregate increasesatiaion of values of
microhardness.

At the first stage was investigated the structure ofe compressed with the
usage of filter ports characterized by increased sBparaf ports to expel their
interaction. As the perforated concrete form was usegxtl push barrel with the
diameter and height of 150 mm, thickness of wall 6 maith conical filter ports of
input diameter 1Imm and 2 mm at outlet diameter 55 mm.pFégsing of concrete mix
has been made within 10 min. While using metal filtertp of the form on the surface
of concrete sample washed out zones are formed inteddugc copes of particles of fine
aggregate. Washed out zones have the forms near tsgtesric with diameter from 14
to 2,5 mm at input diameter of filter ports 1 mm and 2 respectively. The obtained
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data show that microhardness of cementing matrix ordigtance of 1...5 mm from
filter port 2,0...2,7 times higher than on the distaot25 mm.

For each of tested filter ports the character of gkanf microhardness of
cementing matrix at the removal from the center o fhort in the direction
perpendicular its plain is the same as at the removadrallel direction. This gives the
opportunity to make the conclusion that the shefisinareased microhardness of
cementing matrix at inlet part of filter ports haventispheric form. The values of
microhardness of the sample compressed with the usag#teoforts with input
diameter 2 mm in all points exceed the microhardnesheotample compressed with
the usage of filter ports with input diameter 1 mm. Tierease of the size of input
diameter of filter ports together with the increasevashed out zones also causes the
increase of sizes of hemispheric shells of increasedhacdness. This is explained by
the fact that the increase of diameter of washee znareneceous cope takes place
under the action of high resistance to flow. Consiler compressive impacts caused
by the action of pressing of concrete mix spread awere remote sections and this
causes the compression of larger section in size att jpgwuof filter ports.

The analysis of experimental data show that the diemradthemispheric shells
with increased microhardness of cementing matrix & gtace of input part of filter
ports achieves 15...25 mm. At a filter port with seiara25x25 mm can be reached
the formation of overlap single complete medium oféased microhardness.

CONCLUSION

It was proved that maximal compression of concrete (Rix—1,0) can be
reached with the help of vibro impact impulsive ieihee describing by the system of
analytical regularities revealed considerable défifees of the process of compression
by single impact including vibrocompaction. It wasoyed the appearance of
compressed mixture of alternatively changing in tiroaes of high intensive pressure
and strain in the pyller.

It was established that the high effect of physical iffcation of concrete can be
made by the extraction of surplus water of mix whigkes place in laminar, turbulent
and broken regimes. The quantitative description efpitocess of extraction of water-
to-air phase can be produced using classical lawsti@titbn taking into consideration
the degree of gas content of fluid by air bells andlforoken regime of extraction of
water of mix.

There were established by the complex of fulfilledeistigations the regularities
of placing and configuration of filter fields of corete form taking into consideration
the form and diameter of ports preventing their ifoglin the process of product’s
forming.
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TEXHOJIOIT'MYECKHME OCOBEHHOCTHU ®OPMOBAHUSA
OCECUMMETPHYHBIX HEAPMHUPOBAHHBIX BETOHHBIX TPYH

Baagumup Inimnenko

AHHOTamMsi. B craThe NpeACTaBICHBI PE3y/IbTAThl IKCHCPHMEHTAIbHO-TCOPETHYCCKUX MHCCIICAOBAHUIT
cBOIfcTB MOAU(UINPOBAHHOIO OETOHA IS H3TOTOBIEHUS OCECHMMETPHUYHBIX HEapMHUPOBAHHBIX H3JIENIHM.
IIpetoxXeHb! MyTH IPEOJOJICHUS] OCHOBHOTO IIPOTHBOPEYHS TEXHOJIOIMH OETOHA C LEJbI0 MOIYYeHHs 0c000
BBICOKOIPOYHOr0 OETOHA.

KiroueBbie ciioBa: MOAM(UUMPOBAHHBINH OETOH, LIEMEHTHAst MATPUIIA, OTXKUM, YIUIOTHEHHE, XuKas da3a.
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THE USE OF IT-TECHNOLOGIES IN STUDENT
EMPLOYMENT USING A COMPETENCE BASED APPROACH

Sultan Ramazanov, Nataliya Kalinenko,
Larisa Rakova

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The main task of the present-day education is fifoeluction of competent people who would be
capable of applying their knowledge in a changimgimnment and whose primary competence is their
ability to engage in constant self-education thimug their lives”.

Key words: information and communication technologies, edocal process, competence, key
competencies, professional activity.

INTRODUCTION

The transfer from the industrial society and simpléntetogical operations to
the postindustrial type of economy requires a largmber of people who can work
with packages of modern technologies in a changingr@mwent that makes a person
assess the situation and take responsible decisions. Aypevof economy makes new
demands on graduates, among which an increasing pribeing given to demands of
systematically organized intellectual, communicativerah principles that allow the
successful organization of activities in broad so@ebnomic and cultural contexts.

OBJECTS AND PROBLEMS

Recently job placement of graduates has become mummplicated. In the
present-day labour-market there is a gap betweenddis gf the education system and
the real needs of graduates, employers and socfetieinenko V, Nozdna L,
Rudnitsky 02002].

The effectiveness of the interaction between emplogatsyoung specialists in
the labour-market depends on the match of young gtesltuaompetencies to the
requirements of the labour-market. The followingethkey periods are very significant
in the formation and development of such competencie
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« before a higher school: when choosing a professiowmig¢ehof the
profession for which demand exceeds supply);

* when studying at a higher school: formation and tgreent of the
personal skills for which demand exceeds supply (thHroadditional
courses, community work, work experience, etc.);

» after a higher school: creation of tools which enapkduates to better
position themselves advantageously in the labour-mametemployers
— to find graduates with the required competendieskpva L.N. 2000].

Competence is defined as an educational result expressed as tharponess of
a graduate in terms of knowledge, abilities and skilhich will allow them to reach a
set goal. Competence is “knowledge in action”; reaedgs for performing a practical
activity.

Competence is a “basic characteristic” of a person lwlicconnected causally
with the criteria of effective and successful agtian professional or work situations.
The “basic characteristic” means that the competénce deep and stable part of a
personality so that it is possible to foresee the behafia person in a wide range of
situations, both professional and everyday. The cawdatianship means that the
competence conditions behavior or action [Chernilg\BR/. 2002].

While working with employers, every higher school face prioritized list of
qualities which a graduate has to have to be sucdls&fnployed. Traditionally,
employers have considered that a young specialist gdhwue the potential for good
personal skills and competencies and a good professi@iaing. Employers want to
see a young specialists’ active life, good motivatieelf-development ability,
efficiency, result focused, good communication skdlsgd a penchant for a healthy way
of life. In fact employers list these as the main compeies which enhance the
competitiveness of a graduate in the labour market.

Today educational establishments are gradually cotoitige same point of view
as employers — a graduate in demand is the one whtswaas the ability and knows
how to work in their field. The quality of competenand knowledge is dependent on
the higher school [Rakova L.N., Gass V. 2006].

Table 1.Graduate Competencies

Object and information | Action and communication Value oriented
competencies competencies competencies
«Ability to work with taught *Ability of the subjects of the *Knowledge of norms, values;

information; education process to cooper:#nd cultural traditions;
«Critical perception of the |and to create specific tasks;
information; «Ability to manage, analyze

*Relationship with the world,
themselves, and society based
on the personal needs, motiv
emotions and values.

*Conversion of information |and organize activities;
from conceptual to verbal *Ability to make reasoned
and vice versa. decisions.

The maturity of these competencies is shown by theouiatly personal
characteristics:
espirituality, humanism, tolerance;
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» mobility, decision making independence, responsgihiind the ability to make
a conscious choice

* communication, social activity, and the ability twoperate;

* creativity and constructive thinking.

Besides fundamental, scientific and professional trajrtimg following skills are
required from higher school graduates:

- to find their bearings in related fields of knoddg;- to use unconventional
approaches to solving different problems and to firmmpgetitive solutions of
problems;- to have a command of modern communicatidhadelogies, approaches to
economic analysis and organization of marketing @&8)- to promote the results of
professional activities in relevant markets;- to maintatheir professional
competitiveness throughout their career.

Generally employers consider young higher school gteduas a source of
action, dynamism and modern knowledge for the entmpand as a dislocating
combination of reduced responsibility and high ambgi When making a decision
about employment they basically take into account @inthe two market advantages
that the graduate has:

» specific expertise which is in high demand in the readad which cannot be
replaced by any personal qualities; this specific kedgeé makes graduates of certain
specialties a priori competitive;

* special personal qualities needed in the marketarogrand which distinguish
one graduate among many of his fellows; these qualitien make their owners
competitive even if their specialty is not in demamdhie market.

There is no universal model of competencies; compeaisnare always
contextual. The gap (imbalance) between the contdnthe education and the
application of that content can be problematicodder to avoid this issue and to create
effective higher schools activities which will assiat the development of students
personalities and to develop their professional skithe formation of students
professional self-dependence should be supported bysheof modern information
educational technologies as a basis of professionalrgai

The growth of social media opens up hundreds of newmagmitation channels
allowing higher schools and organizations to coopematenatters concerning the
coordination of graduate competencies and to prortteteeffective employment of
graduates by cultivating the networks of talent duyitimeir training.

An example of an application of a virtual envirommhées WebEx which allows
web conferences, presentation viewing, video resucwdang and playback and video
lectures, etc.

WebEx is an implementation of a Web conference,¢beeral name for the
technology and tools for online meetings and in reaiet collaboration. Web
conferences allow online presentations, collaborativerk on documents and
applications and the ability to view sites, videos airtures [Kalinenko N.A. 2009,
2010].

Web conferences are as a rule internet servicesdbaire installation of a client
program on each participant’'s computer. Some servmewide access to web
conferencing through a browser using flash, javepacial plug-in.
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Services for web conferencing can include the foltgaMeatures and tools: -
Screen sharing - sharing the screen or individuglliegtions; - Whiteboard -
interactive whiteboard; - Web presentations; - CoaAming - the possibility of
simultaneous browsing;- annotation tools;- monitorifigparticipants’ presence;- text
chat;- integrated VolP communication;- video commuiicg- Leadership
management and delegation;- Shared mouse and keylboandgement;- meeting
moderation tools tools for collection of feedbackg(esurveys);- tools for meeting
planning and invitation of participants;- recordioigweb conferences.

A Whiteboard is an interactive board availableltahee participants of the online
meeting. This is a workspace where participants can diiagrams, type text, make
notes — this allows the meeting participants to undegstene another better and not to
spend their intellectual resources on understandingr@rdorizing what was said. An
Interactive Video Lecture with synchronous slides (BGimultaneously displays on
the computer (or projector) window both the viddoadecturer and the slides of the
presentation changing synchronously during the vigagback.

The above platforms are an effective mechanism irptbeess of learning and
allow us to solve the urgent issue of networking ofdstus, higher schools and
employers during a students’ job seeking;, video umeving and video resume
organizing. The effective use of the above plat®rby both higher schools and
employers with an agreed upon model of competendiespecialists provides more
employable graduates which will be in greater dentandmployers.

Recently job seeking through the World Wide Web hasome more and more
popular and higher schools should respond to thisextngdl by active implementation
and use of appropriate technologies. This we basedorkhg of all the interested
parties should be based on the innovations of thesevehvironments.

Firstly it is information about the demand for spesisli The most appropriate
resources for students are:- specialty job websitesrtalg designed specifically for
graduates, - industry portals with sections “Work” dBchployment”, - Web pages of
specialized periodicals, - social communities, - sestioihavailable vacancies on sites
of companies-employers, etc. To minimize costs and tim@e processes in
recruitment, recruiters and internal HR services dready using modern digital
technologies and Internet communications. The use ofe ftillowing modern
technologies in the employment process will help thecational services market meet
business requirements.

Video resume: A video of approximately 30 secondsnduwhich the applicant
give a presentation about himself. After recording video is digitized and attached to
the applicant’'s CV in the Resume Bank and becomeslade for viewing by
employers, HR managers and recruiters.

A high quality Video resume allows the applicant:-taééie a premier position
among other applicants;- to attract more interesinfipotential employers;- to avoid
trial interview and to open the door to the direntployer;- to show their personal and
professional qualities to the potential employer;s&ve time for job seeking and to
explain the reason for their high salary expectaticiaspresent much more information
than a traditional resume can contain;- to presemhsbé/es simultaneously as both a
personality and a professional.
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For some specialties (sales manager, salesman, secregaeyjerce and skills
are not so important as personal qualities and commtioricakills which can be
demonstrated by applicants in their video resume. Udee of text resumes and video
resumes combined allows the employer to get betteraamga with the personal and
professional qualities of applicants. The use of vidkesumes reduces the number of
applicants’ interviews.

The innovative format of the video resume use in cargsais most applicable
when it comes to recruitment in different cities anourdries. Employers invite
applicants to be interviewed online and use specifitwaoe and equipment (web
camera, headset) that allow interviewers and inter®s to see and hear each other.
There is no need to go to another city and to goutin multiple stages to be
interviewed for employment. It is possible to presentrgelf and your professionalism
in a comfortable environment sitting at your computédre recruiting manager can ask
to submit documents, references, resume and photo. ledsssary to prepare the
complete package of required documents in electfonio as well as originals.

It is advisable to record your online video intervigourself. The advantages of
undertaking this recording are as follows: a) managéisbe able to view the video
interview (if they were not present during the imtew) at any time and to make a
decision about the employment; b the applicants willble to analyze their interview
again to evaluate the advantages and objectiveseatdmpany that may become their
employer in the near future [Sumtsov V.G., Rakova.2000].

Before the interview the interviewee must study therinew questions that the
employer may ask.

Any company that is looking to hire personnel frorhestcities and countries
and all recruitment agencies greatly increase theices by using video interviews,
overcoming distance and time limitations and reducfitancial costs. Video
interviewing is the know-how in the recruiting ofrpennel based on the use of the
online format of the Internet.

Interactive broadcasting programs can be used to comeo, voice, online
chat, online surveys, case studies, psychological aofégsional techniques, virtual
whiteboard and video recording. Using these tooldrterview is interesting, fast and
efficient.

Key features and benefits of video interviews:

* A virtual interview is connected globally in lesathone minute;

* Multiple representatives from one company locateddifferent places (an
office, a house, vacation, business trip, a car) eandmnected each with the ability to
ask questions by voice and by online chat and to sgé&ear the applicant;

« the ability to use test cases, tests, online survesxsfdiedback;

* resumes, references, copies of diplomas and othenaods submitted during
the interview can be viewed by recruiters, HR-marmagaympany managers during the
interview;

* A video record of the interview is available farther viewing, interpretation
and analysis by recruiters, HR-managers, and the manages have to make a
decision about meeting the applicant in person;

» Only the following are needed: the rent of duat class, web-camera, headset
with a microphone.
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A Webinar or web seminar is an online event whereasrmaore moderators can
conduct presentations on behalf of an employer or gplicant with meetings for
groups from several to thousands of participants otntieenet or a corporate network.
During the webinar each of the participants is atchimputer and the contact between
them is supported by the Internet using a web appitaTo join the conference you
simply enter the address of a particular webinar fialko NA, Kharkovskiy TO,
2010].

The following moderator facilities area available: hroadcast using a web-
camera and a microphone (webinar participants kemthear and see the moderator); to
show presentations or to draw on the whiteboard; ventitad and play video and audio
files; to chat; to conduct surveys; to allow weliparticipants to present (audio and
video).

The following facilities are available for the paipants: to see and hear the
moderator in real time; to watch presentations; tocagestions to the moderator and to
communicate with other webinar participants using ;chattake part in surveys; to
present using audio and video with the moderator'mjssion.

There are many technical platforms and services dlaildor organizing
webinars. The minimum set of functions is audio broadagadiin voice and getting
feedback in writing using chat. The maximum is the ob&oice and video for the
moderator, presentation using drawing and shared warkyeys of users and the
possibility of presenting at the meeting by severdigpants simultaneously.

Webinars are the most convenient form of networkirgenvit comes to virtual
teams. Besides physical and financial convenienca @fan’'t have to go anywhere),
webinars provides the participants with psychologscgiport.

This multimedia approach is much more effective thanittcexhl uses of
technology in employment. Webinars allows the use ofygks of perception: visual,
auditory and kinesthetic, so the participants undedsténformation faster and
remember the knowledge in their memory for a lanmget

A virtual job fair is a unique event which enablesnpanies and employers to
establish direct contacts with applicants using modeaternet technologies with
mediation by higher schools [Tikhomirov V., RubinSamoilov V. 1999].

The advantages of job searching through the Intemeet

-simple and free access to thousands of vacancies (@pglidon’t have to spend
time, money and energy visiting different personngladlsments and agencies);- the
ability to create an advertisement with resume abbetapplicants availability on a
number of sites (employers visit these resources and sapffieant’'s advertisement
will be seen by many people who are interested inurteg).

Some sites provide guaranteed privacy to individuals.

Notification about open vacancies through e-mail €amail, unlike a phone call
does not require an immediate answer from the employie virtual job fair enables
applicants:- to place their video resumes on the-sitehave access to “conference
halls” where video presentations about companies anstemelasses by leading
specialists take place in real time;- to get the desjob;- to get full review of
information about employing companies.

The virtual job fair enables employers:- to condwidieo interviews and to save
time and money;- to choose qualified personnel;ptomote the company’s brand
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amongst applicants;- to receive immediate feedbacksetarch for specialists over a
wider geography.

The reasons for conducting virtual job market usingliatén of higher schools:

-young people are the main part of the Internet gysérey are the most
vulnerable part of the labor market in Ukraine andieed additional support;

-the trust in higher schools websites among employimgpamies is greater than
the trust in an individual person; leading comparies interested in attracting young
specialists with a good education which is guarantgetidhigher schools.

The functions of higher schools in organizing a virfa& of vacancies:

- involving employing companies in participation;

- involving highly-qualified and competent businessinters to conduct master-
classes and lectures online;

- notification of higher school students and alumniwltbe requirements and
terms of the virtual fair of vacancies.

CONCLUSIONS

For the effective implementation of the virtual fafrvacancies it is necessary: to
find sponsors to conduct the event; to decide abeutithe and to place advertisements
in mass media; to determine the exact conditions fdicg@ation in the fair; to create
the base of resumes and vacancies; to create a wedl fmrthow the process and
results of the fair. The problem of adding personnetraerprises is complicated by
poor contacts between enterprises and higher schoadlsreardless of this both
business and education understand the advantageereafcition with one another which
is why they consider it is necessary to expand and shlrena@ll forms of cooperation
by creating and implementing effective models of peration using modern IT
technologies.

Promising areas for improving the virtual fair of @acies concept the creation
of a system of assessment of resumes and notificatitimadpplicant about areas for
improvement (This will give the applicant ideas abthé reasons for their denial of
employment and about the direction of their self-inweraent); enabling employers to
create their advertising stand on the site of theuairfair of vacancies; implementation
of mailing of “hot” vacancies and information; expamsiof the geography of the
involved employing companies into a network.
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HMCIOJIb30BAHUE I T-TEXHOJIOT Wil B KOMIIETEHTHOCTHOM IIOJXOJE

K TPYIOYCTPOVCTBY CTYIEHTOB

Cyaran Pama3zanoB, Hatanbsa Kanunenko, Jlapuca PakoBa

AmnHoTtanus. ['1aBHOM 3a1aueii COBpeMEHHOro 00pa30BaHus ABJISAETCS <TIPOU3BOACTBO KOMIIETEHTHBIX JIFOJIEH,
KOTOpble OBUIM OBl CIIOCOOHBI NPUMEHSATH CBOH 3HAHHS B M3MEHSIOIHMXCS YCJIOBHUSX, M 4bsS OCHOBHAS
KOMIIETEHI[Hs 3aKJI04anach Obl B yMEHHH BKIIOYHMTHCS B IOCTOSIHHOE CaMOOOYyUeHHE Ha IPOTSKEHUH Beeil
CBOEH KU3HU».

KioueBbie cioBa: HMHGOPMAIMOHHBIE M KOMMYHHUKAlMOHHBIH TEXHOIOTMH, 00pa3oBaTENbHBINA Ipolecc,
KOMIICTEHIMS, KIF0UEBbIC KOMIIETEHTHOCTH, TIPO()eCCHOHAIbHAS ICATEIBHOCTD.



TEKA Kom. Mot. i Energ. Roln. — OL PAN, 2011, 11A, 218-22

STRENGTH OF GLUEWELD SEALS
MADE OF DISSIMILAR STEELS

Aleksandr Serebrjakov

Volodymyr Dahl East Ukrainian National Universityigansk, Ukraine

Summary. The results of experimental studies on technolo@y and properties of glueweld seals, made
with resistance spot welding on steels that ared tsg@roduce the rolling stock locomotives and wegside
sections and sections of the roof, including diflsinjoints are shown.

Key words: welding, glueweld seal, strength, corrosion resista

INTRODUCTION

The rolling stock locomotives’ and wagons’ side sewtiand sections of the roof
are constructed with the corrugated sheet sidingnh5hick, and stiffness frame
elements, that consist of bent skirts and Zeta Praditging lengths, 2,0 mm.

To produce them different materials are used. For pl@nto produce the side
wall of diesel train passenger car sheets of steXI13D18/[Y and sections of steel
0912C are used.

Sections are the building framings, working with buodfiloadings. Therefore,
during their manufacture there are special requirgsnt® the technology of weld joints
are including their density, because these sectionggirablling stock from the
environment influence.

These designs have a lot of welds. They vary in theigth, continuity and
spatial position and are executed generally with sendraatic welding gas-shielded
atmosphere.

OBJECTS AND PROBLEMS

Presence in the construction a large number of weldsesaan increase in its
deformation during the welding process, and the redidtrain exceeds the level
permitted by the specifications [3]. It is hard to lgpgffectively in such construction
existing activities to reduce the because of the dexity of their distribution [15].
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In addition, intermittent welds do not have integriBo after welding additional
step of sealing the connection is made. When weldiagl 1X13['18/1Y as electric
arc, and by contact welding problems with its weldgbj#,10,9,12].

While this constructions are produced the resistance spiding may be
implemented, but the compounds that are obtainedhim way, also have some
disadvantages [17]. One of them is the lack of tighsnof the joint. There is a way of
fastening sheet cladding to the frame by hydro imgable rivets using putty
Polyurethane-50FC. But this method also has some disadyesiiT].

To solve these problems spot welding by adhesives ugpmsed. Glueweld
seals have several advantages over joints, that are widtd electric arc or by contact
welding. The main are — impermeability of joints alwdver level of residual strain.

In theory, glueweld joints on aluminum and its alloys studied sufficiently and
in practice are widely applied [1,2]. Glueweld semissteels of especially the dissimilar
joints are insufficiently studied.

Development of production bases of steel resistancgpot welding by
adhesives.

Prepare materials for welding.To perform glueweld joints of high quality it is
very important to prepare materials’ surface. Traeea lot of ways to prepare surface
of the same material. For research based on an analysiblished data and test results
when developing welding mode [1,5,6,19] the follogi technique of surface
preparation for welding is chosen and implemented.

For austenitic steel ZAL3I'181Y only degreasing with an organic solvéat646
was used. The use of chemical method surface prepauaitsheet steel in a production
environment will be with difficult due to large sid sheets sheathing module framing of
rolling stock.

For 09°2C steel a chemical treatment etching in an aqueoustiaolwf
hydrochloric acid (200-220 g / I) with adding that&pina (5-7 g / I) was used. Etching
time 20-30 minutes at solution temperature 18=3@towed by washing in cold water.
Neutralization of residual hydrochloric acid withuspus NaC@ (5 g / ). Solution
temperature is 50-60 ° C, soaking time 2-3 minute®vi@td by rinsing in cold water
and drying.

Weld samples were performed on a point-phase machihtype MT-1614 with
a nominal welding current 16 kA and compressiondatthe electrodes 6.3 kN.

Welding conditions, wherein sufficiently high qualityeld on the samples is
achieved are the followings [13,14,16]: Compress$iad 0,44 kN at the air pressure in
the system 3,0 MPa, time compression, welding andrfgngspectively is 1,2, 1,6, 0,3
s. The diameter of the working part of the electroded is 10 mm, diameter of the
resulting indentation electrode is 8mm.

Selecting the type and brand of glueThe choice of adhesive to get glueweld
seals of given design is difficult, because the larggeaof adhesives, but there is no
universal.

When selecting adhesive the nature of the bondedrialates taken into account,
glueweld seals operating conditions (operating tentperacurrent load, service time,
environment etc.) technological application of #uhesive, the cost of adhesive.
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Besides adhesive should not worsen the properties efvgld seals, particularly
corrosive. Therefore, the pH of the adhesives, recordetwno connect the specified
materials, should be close to 7 in accordance Mit6T 9.902-81.

Given the rolling stock sections temperature and ajpgranvironment, epoxy
adhesives were selected to make the research. Epoxgiathare convenient and
practical for use. They are available for use witkimmment temperature variation
from 0 to 35 ° C unpretentious to the preparatiothefsurface bonded materials, have
low toxicity. Can be, both hot and cold hardeniHgve a wide range of viscosity.

Despite the best properties of hot curing adhesivegéioterm viability of the
glue and higher bond strength) to manufacture stest plating of rolling stock the use
of cold curing adhesives is appropriate, because thmye more than a simple
technology application. Due to the large size ofdadl sections hardening of the
adhesive hot-curing at temperatures 110-C8@Riditional and energy consuming
equipment, is require; that will lead to higher puotion costs.Therefore, the cold
curing adhesives produced by the industry at presere selected to study.

Table 1 shows the main characteristic of used adhesiv#timate strength at
shift of glued joints under described conditions.

Table 1. Ultimate strength at shift of glued joints of sone materials, Mpa

Material Test Temperature Brend of Glue
°C UP-5-207 UP-5-207-1 UP-5-240-1
Qily steel 0&n 25 - -
Degreased steel 3- o5 08 - ”
sured
Steel 3 after 10 .50 10 + 150 . - ”
thermal cycles

You can make the following preliminary conclusiomstbe strength of adhesive
stamps: the greatest strength has glue UP-5-240-1 getatares up to +50° Glue
UE-5-207 is most versatile and can operate at high e¢estyires. Also in studies we
apply epoxy adhesive, consisting of a resin EPOXY-581 fzardener TELALIT-410.
Its mechanical properties are unknown.

In compiling of cold curing adhesives the importaoinp is the ratio between the
adhesive and hardener. Adhesives were prepareé sathe proportions, recommended
by passport data [2].

Since the thickness of adhesive layer affect the wikhgth, when preparing it
for welding should seek to ensure adhesive layerim@f05 - 0,16 mm. When applying
glue in these studies thickness provides within 0,1r02. Adhesive was applied to
each side of connected surfaces. Preparation of aghasd/ welding was performed at
a temperature of 15-20° C.

In compiling cold curing adhesives important poistthe ratio between the
adhesive and hardener. Lack of hardener leads tonipiede drying of the glue. The
excess cause unwanted aggressive influence pastece amaterials. The content of
curing agent affects the ultimate strength of theeate joint. Adhesives for this
research are prepared in the following proportionssgnted in table 2.
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Table 2.Ratio of resin, filler and hardener for making glue

Ratio of parts by weight of components for the pragion of the
Component following brands of adhesives
UP-5-207 UP-5-207-1 UP-5-240-1 EPOXY-531
Resin 100 100 70 100
Filler - - 30 -
Hardener 25 25 10 20

Since the thickness of the adhesive layer affects thet jstrength, when
preparing it for welding we should strive to ensune adhesive layer within 0,05-
0,16 mm. When applying the glue in this research tiésk was provided within 0,1-
0,2 mm. Adhesive was applied to each side of the jdisterfaces. Preparation of
adhesive and welding was performed at a temperafurg-20 ° C.

Research on glueweld seals’ strengkor these five groups of similar samples 4
in each group were welded from the investigatedst@dese are the following groups:
1 - welded samples without glue; 2 - glueweld sampiés the use of glue brand UP-5-
240-1; 3 - glueweld samples with the use of glue ér&®POXY-531; 4- glueweld
samples with the use of glue brand UP-5-207-1; Suewgkld samples with the use of
glue brand UP-5-207.

Destruction of samples were carried out on tensilentgstiachineP-20 with a
maximum load of 200 kN recording on tape the natuth@foad changes.

The test results, as average for all groups of Esnghown in table 3 and figure 2.

Table 3.The value of the breaking load (kN) samples with weed
and glueweld seals under static tension

Glue Brand
Steel Brand Besxmes | UP-5-240-1| EPOXY-531] UP-5-207-1  UP-5-207
09r2c 23.2 33.4 36.2 36.3 34.5
10X13r181Y 27.3 32.6 39.7 37.6 35.1
10X13r18]1Y + 24.3 32.9 374 35.8 34.8
09r2C

According to the results of destroyed samples investigahe following was
subsisted.

1. Destruction of glueweld seal made of stedIZD occurs at the welded point,
and on the adhesive interlayer. Welded point is dgstt by shear without significant
tearing of the base metal. The diameter of the destirggntact detail — the welded and
gluewelded seals have almost the same detail and cotoe6,fp- 7mm. . Destruction of
glueweld seal made of steelX03'18/IY was more complex. None of the seals was
destroyed at the weld points, and was destroyed byh#ds-affected zone. The
destruction of welded seal made of dissimilar steels scatithe welded point with
tearing of the base metal (only steel'2@ is tired out).
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Fig. 1. The results of the samples destructiorntratching the steel 09G2S: 1 — Weld Seal;
2 — Glueweld seal with Glue UP-5-240-1; 3 — Glue&P07; 4 — Glue UP-5-207 -1;
5 — Glue EPOXY-531

2. In the heating zone the glue is burnt out atvileéd point. Diameter of glue
burnout varies from 10 to 16mm. Each zone has a hgrgiue evaporating channel,
through which the combustion products of glue get dltis phenomenon leads to
deterioration of the adhesive layer and reduce seakade. This phenomenon is
minimal (mostly absent) when applying the glue UE-5-240POXY-531.

3. Molten core of glueweld seal when applying theegUP-5-207 has on its
perimeter splashes of metal.

4. When welding on the adhesive interlayer it is statieat the glue with
hardener hardens within a few minutes after welding.
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5. Glueweld seal on the researched joints under statitching is stronger in
1,4-1,7 times than the same weld type. The greatestgih have seals, welded with the
glues EPOXY-531 and UP-5-207-1. Welded and glueeeldseals on the
10X13r'181Y steel have slight difference in strength while strietghBut glueweld
seal shows more stable results in strength when testing

Nature of the observed changes in the load is showigire 2.

P.kH

40

30 7

207

t, Tek

Fig. 2. The destructive nature of the force chamyder static stretching in the seals:
1 — Steel 1¥13r181Y 1,5 mm thickness; 2 — SteelX03r'181Y 1,5 mm with steel
09r2c 2,5 mm; 3 — glueweld seal made of steel 10H13G18&[B.mm; 4 — glueweld seal
made of steel 013181V 1,5 mm with steel 09G2S 2,5 mm

The figure shows, that the variation in load at weldind gluewelded seals is
different. Nature of the load changes of weld spedgented in Figure 1) has a gradual
increase of breaking force to complete destructiothef sample. Nature of the load
changes of gluewelded seal (presented in Figure 2) &lgs a gradual increase of
breaking force. The destruction speed increases umgilldading to 30 kN and then
begins to fall. In the area of markers 33-34 kN splregs to almost zero. This fading
of destruction force lasts about 5 seconds. Furthezdspé applied destruction force
begins to gradually rise to a complete destructioglodweld seal.

It can be assumed, that the breaking load "freezéiisnarea could be caused by
plastic deformation of the seal. The presence of dnesive increases the yield plateau.
This phenomenon confirms the higher resistance to sekbrg load of glueweld seals
compared with welded.

6. The nature of glueweld seals destruction dependsherthickness of the
welded plates. Plate with 2,5 mm thickness under statitching are not deformed, and
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spotwelds are cut. Plate thickness 1,5 mm in the prafedsstruction have the plastic
deformation and spotwelds are tired out from the basital;

7. Strenght of glueweld seal made of dissimilar steetse(092C + Steel
10X13r181Y) is determined by the strength of steel'PO (less durable). The steel
091'2C plate under static stretching is destroyed.

8. Epoxy adhesives provide a lasting seals of steeld,indbe research, and are
suitable for use at glueweld seals. The strength oésidé joint depends on thickness
of adhesive layer, it should be not more than 20@ani& The glue EPOXY-531 is able
to penetrate under the overlap of the joint teeptd of more than 25mm, that enables
its use to correct defects in the adhesive layer;

9. Glueweld seals, performed using the resistance selding, have a smaller
area of the heat affected zone compared to the sathisut adhesives. It follows that
the construction, produced by this method, will havamaller residual strain and stress,
than in fusible welding.

All this makes the use of glueweld seals in the manufacprocess of rolling
stock sheet-sections preferable, than electric ardimgelmethods and welding without
adhesives.

Glueweld Seals Corrosion PropertiesTo determine the corrosion properties
accelerated 30 day tests of singletons glueweld seals @aried out in the hostile
environment — 3% NaCl solution. Width of the lapnjoi- 20mm. After holding in
hostile environment the weld points were drilled, #melsamples were destroyed on the
adhesive interlayer.

The examination of the samples showed of corrosioresraresence in the
places of the combustion products of glue, wherepthresity of the adhesive layer is
formed. Under the adhesive layer in all the gluewssdls no traces of corrosion were
found. Consequently, the presence of such a defeqtoassity reduces the joint
corrosion resistance.

Glueweld Seals Impermeability. Testing the glueweld seals on the
impermeability of the joint was carried out on samspleelded using all four brands of
glue. Weld points were affixed along the sample. tWidf the joint lap — 25mm. On
one side of lap of the welded samples purified ke@sgas applied with the filling
gun. On the other side of the lapping chalky soluti@s put with the brush and was let
to dry before the test.

After some time where the chalk solution was depositedpme samples there
were spots of kerosene near the weld points. Afterddéstruction of these samples
porosity was found near a weld point. In other plaafdapping, without the presence of
this defect there was no penetration under the Igpp8onsequently, the porosity
reduces not only the corrosion resistance, but alséntpermeability of the glueweld
seal.

CONCLUSIONS

Depending on the materials to be welded strengtthefglueweld point seals
exceeds the strength of the appropriate welded jainis4 - 1,5 times. The adhesive
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layer in the welded joint increases the plastic fldwhe seal before break and makes it
more like plastic compared with welded joints withglue.

Weldability of resistance spot welding austenitic std@X13'181Y and
dissimilar joints from this and low-carbon steels usidpesives is better in comparison
with welding without adhesives.

Glueweld seals have a higher corrosion resistance @ dase, if the
impermeability of adhesive layer is not affected. ésald seals has full integrity weld
under the circumstances the weld lapping is less thanrg.

The most technologically advanced to use in weldtobf sheet cladding and
frame modules of rolling stock is a cold curing epodiiesive DP-5-240-1.
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HPOYHOCTD KJIEECBAPHBIX COEJUHEHUA U3 PASHOPOIHbIX CTAJIENA

Agexcanap CepedpsikoB

AHHoTanus. IIpuBoasTCs pe3ynabTaThl AKCIEPUMEHTATBHBIX HCCIEAOBAHUM MO OTPabOTKE TEXHOJOTHU H
cBOIfCTBaM KJIGECBApHBIX COCJMHEHHI, BBIIONHEHHBIX KOHTAaKTHOM TOUYCYHOH CBapKoil Ha CTajsix,
HCIIONB3YEMBIX JUISl M3TOTOBJICHUS OOKOBBIX CEKIUH M CEKIHHl KPBHINIHM Ky30BOB JOKOMOTHBOB U BaroHOB
MOZIBUJKHOTO COCTaBa, B TOM YHMCJIE PA3HOPOAHBIX COETHHEHHI.

KuroueBbie ciioBa: CBapKa, COCAMHCHHUEC KIICECBAPHOE, IPOYHOCTD, CTOMKOCTH KOppO3UOHHAaA
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URGENT PROBLEMS OF THE WORKING
ENVIRONMENT IN THE FOUNDRY

Tatiana Shinkareva, Anatoly Gedrovich, Anatoly Goldaev

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. In the article implemented the research of therifigr factors of the working environment of
machine building enterprises with various casteghhiques.

Key words: casting, harmful and dangerous factors, intenditgt, gases.

INTRODUCTION

In Ukraine, a quarter of employees work in condisidhat do not meet sanitary-
hygienic standards. The social insurance fund’s stistbout compensation payment
for the loss of efficiency from accidents and occigquetl diseases each year is 520
million UAH., nonrecurrent payments established agdosis "occupational disease" —
about 160 million UAH., additional payments to pensie- about 150 min. [Krishen,
2006].

The number of enterprises also increases, labor éonsliobn which are harmful
to the health of the workers [Timoshina 2010]. lany foundry enterprises workers are
under the influence of dangerous and harmful pradocfactors, exceeding the
maximum allowable concentration and maximum allowahbteltein the working areas.
The prolonged exposure of these factors on the labomay lead to the lower
efficiency and aggravation of health.

PUBLICATIONS ANALYSIS

The analysis of the literary sources showed that thginstory organs diseases of
the dust etiology prevalent in different countridskraine, Russia and other CIS
countries, Europe. In Ukraine, from 1992 to 2009nthmber of diseases of respiratory
organs is the highest in comparison with other diseas@nofhina 2010]. The
breakdown of respiratory diseases over the years shothe ifig. 1.
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Fig.1. The number of diseases of respiratory organgears

The reduction of the number of diseases occurre@6 1Further, the number of
cases varies within the limit from 13000 to 15000 sadespite the economic crisis and
the decrease in production. In 2009, the numbeespiratory diseases is 14528 cases
(in 2008 - 13671 cases), namely there was a trendavftlr Diseases of respiratory
organs occupy a leading position in the structurecotipational diseases. The high risk
of the dust diseases is proper to many industrial se@gcept coal-mining), including
the foundry.

The occupational diseases is part of an overall mitybéd the population. The
diseases of respiratory organs also prevalent in thetste of occupational diseases —
36,2%, the vibration diseases — 25,8%, the diseasasisfuloskeletal system — 10,3%.
With the help of researches and analysis of the camfsescupational morbidity in
Ukraine established that working conditions are thajor factor of occupational
diseases, and mechanical engineering and metalluege pphe second largest nhumber
of cases [Kundiev 2007].

The problem of occupational diseases considered infdallewing papers.
Rabenda Andrzej Stefan researched the patternsfloemee of industrial harmful
factors on the health of workers in Poland. He exqaldhe risk of the dust diseases of
electric welders, foundry workers and weavers.

In the work of Dmitry Pavlovich Pertsev was establishbd system of
preventive measures in the production of castingsenpérmanent metal molds. The
author considers that the principal harmful factoitheg casting in permanent metal
molds is heating microclimate against the backgroundhef harmful influence of
industrial noise. The additional production harmfutfas are the dust and gas pollution
of the working zone with substances whose content isyntiames higher than the
maximum allowable concentration.

As of day, the working conditions of the modern foyndre not enough studied,
as well as industrial harmful and danger factors afewtifit ways of casting. The
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prevention of the danger occurrence (the growthaziupational diseases, injuries) can
be achieved through a comprehensive analysis of théingprconditions at each
workplace, each particular enterprise of any forrprafperty that is problem of today.

PURPOSE AND RISING OF THE TASK OF RESEARCHES

The purpose of the work is to research both traditiana new casting technologies,
analysis of harmful and danger factors of the prodacénvironment, the analysis of
the harmful factors on the each jobsite.

BASIC DIVISION

At present, developed the following methods of casticasting in sand-clay
molds, casting on the gasified models, casting in teewa-film form, casting with the
cold-thicken compounds (CTC), casting with the waieiss compounds (WGC),
casting with the hot-thicken compounds (HTC), tle chsting, the shell casting, the
rotary casting, the pressure die casting, the frepgsadlization casting, the magnetic
form casting, the die casting under controlled gassue, the graphite mold casting,
the ceramic mold casting, the suspension casting, #metso[Efimov 1991, Ivanov
1990, Speransky 1995, Golofaev 2001, Budanov 20@6hk 2002]. All processes are
attended by various industrial harmful and dangeofact

The work executed experimentally based on laboratesgarches [Bachovska
1966, Vershinin 1992, Leita 1980.], on the analy$iz/arking conditions maps, on the
results of jobsites review and literary data. It was madentegrated assessment of
harmful and danger factors of the most common moderrdfguechnologies in iron-
casting and steel-casting workshops, of the holding eomp‘Luganskteplovoz”,
Lugansk casting-mechanical plant and other enterprise

The workers in the labor process, usually undergth&influence of several
harmful and danger factors of the surrounding pradocgnvironment. The influence
of each of them is different. The industrial harnfadtor passing the maximum allowed
level and the maximum allowed concentration, and mged action, can become the
danger factor [Gandzyuk 2004]. Therefore, on thet Stage identified and studied the
harmful factors, which exceed the maximum allowed cotraéon and level. Also,
there were identified the most typical danger fecttor the foundry industry. The
intensity of the factors determined on the exceedthg maximum allowed
concentration and level. The research results prateadethe characteristics of the
intensity of the harmful and danger factors, whicé emntained in the author’s paper
[Shinkareva 2010].

The paper presents the results of 24 methods of ca#itiwgs set the percentage
of the each method of casting in the mechanical ergimgin Ukraine. The analysis of
the intensity of the following industrial harmful facs: dust, gases, aerosols, excessive
heat, noise, vibration, electromagnetic radiatioryspial overload, neuropsychic stress.
The most intensive danger factors were revealedkspgpatter, high voltage electrical
circuits, moving machinery.
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In the examined work [Shinkareva 2010] for each ogsthethod can determine
the amount of the intensive production factors. Theate unfavorable conditions on
the each jobsite. For example, while the casting ndsday molds arise 10 intensive
factors, while the casting on the gasified models —Hilewthe continuous casting — 2.
During the continuous casting add 4 more moderat®racand 8 minor factors. The
use of the casting in sand-clay molds in Ukraine is 688d continuous casting — 0,9%,
namely, the new technologies did not receive thdevdevelopment yet. The produced
researches [Shinkareva 2010] confirm that the fourdigne of the most dangerous
sectors of the mechanical engineering.

The use of the modern technology eliminates some ofrtieasive factors, but
appear new harmful factors. For example, the els@gmetic radiation — while the
casting in magnetic forms, the release of the hydrotenide, the carbon monoxide
and carbon dioxide — during the thermal decompaositid the synthetic sealing film
with the vacuum-filming method of casting. The sfgmint emission of the toxic gases
occurs in the process of drying the rods and formseénuge of the organic binder, as
well as by pouring the metal. The complex influencethe health of employee of the
listed harmful factors requires a more careful study.

For the full characteristics of the danger of thenfiny was conducted the
research of appearance of the harmful and dangesréaon the main technological
jobsites. The results are presented in the authonX filthe research of the harmful
factors of the foundry at various stages of the procgshkareva 2010]. The analysis
of the job hazards was conducted at the major jobisitdee technological lines for 24
methods of casting. In 18 of the 24 ways prevail thensive harmful factor — the dust:
while the casting in sand-clay molds, the dust ishenll jobsites, while the casting on
the gasified models, the dust is on the 13 jobsites, wiénvestment casting is on the
12 jobsites, while the full-mold casting is on the @Bsjites, and etc. The analysis of the
harmful and danger factors at the various operatidnsh® technological process
[Shinkareva 2010] on the each workplace establishatduring the preparation of the
molding materials from the 24 methods of casting ifslffie basic harmful factor — the
dust. They are such processes as the casting in sandsolag, the casting on the
gasified models, the casting on the vacuum-filmingrf the casting with the use of
the cold-thicken compounds, the water-glass compoundshdahbthicken compounds,
the shell and ceramic casting, the die casting uocdetrolled gas pressure, etc. During
the preparation of the molding sand in the 17 methedse harmful factor — the dust
(gases in the 15 ways), during the preparation ofctive mixtures, the dust is in 18
methods (gas in the 17 methods) as well as the manwdaafttine half-forms and rods,
models and core boxes, during the shakeout of castingsseparation of the runners
and rods, the cleaning, the main harmful factor isdii&t. Consequently, the conducted
analysis showed that the main intensive harmful factahe foundry are dust, gases,
heat. Most of the operations in the manufacture ofcdstings are accompanied by the
dust concentration which is in several times highem ttize maximum allowed
concentration.

The examination of the air pollution state on thenifoundry of the holding
company “Luganskteplovoz” showed that in the workémga during the preparation of
the molding and core sands, the content of the dust8yi6 mg/ m that exceeds the
maximum allowed concentration which is equal to 2 nigim the molding area, the
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content of the dust equals 10,7 md/mduring the castings shake-out — 10,3 nig/m
which is coordinate with the data of the works [Ivend990, Speransky 1995].

The long-term inhalation of such air may lead to tlevelbpment of such
occupational disease as pneumoconiosis [Basakov 2003&mémnov, 2004]. The
development of this disease directly depends from xtene of dispersion of the dust
[Strizhko 1996, Demchenko, 2010], the qualitatitreicture of the dust and the degree
of the dust content in the air, length of servicewali as the number of other factors,
such as excessive heat, noise, weight and strengtte ¢élvor process, the presence of
other harmful substances in the working area.

The analysis of the listed ways of casting on the ismatf harmful gases
[Shinkareva TA, 2010] established that: while theiogsin the sand-clay molds (gases
isolated on 11 technological processes), on the gasifakls (on 10), casting with the
cold-thicken compounds (on 9), casting with the watass compounds (on 9), casting
with the hot-thicken compounds (on 10), the chitegg (on 8), and the shell casting
(on 11), and etc. The analysis of the jobsites in2thenethods of casting revealed that
the most dangerous from the point of isolation of gases @ the molding sand
jobsites (in the 14 from the 24 methods of casting) @mthe core sand jobsites (in 16
from the 24 methods of casting), the manufactureatffforms and rods (in 15 from the
24 methods), drying of half-forms and rods (in 12 du?24), and the castings shakeout
from the mold (in 23 methods).

During the melting and it's overheating, the castinip the molds, hardening
and cooling it in the form also isolate the large amoof gases [B.S. lvanov, 1990,
B.S. Speransky, 1995], which depends on the choicthedfcasting method and the
furnace. During the melting in the induction fureacthe main harmful factors are the
excessive heat, gases and electromagnetic radiatiomgdhe melting in the cupolas,
the main harmful factors are the dust, fumes, the exads turing the melting in the
electroarc furnaces, the harmful factors are thehitaplust, the excessive heat, gases,
noise.

Thus, from the study of the variety of harmful anchgker factors, the most
intensive, which are often found in all ways of cagtare the dust, gases, the heat.
Obviously, in the foundry on the jobsites occur theafeadverse factors, which have
harmful effects on the health and the efficiencyhaf labourer. Hygienic standards are
still the main tool for evaluating the safety of theahh of the workers, and exceeding
of such standards is considered as the breach of thth Hegislation. Measures to
protect the employee nowadays is shorter working @eeek, additional days to the
vacation, early retirement, additional payments far tinhealthy working conditions,
the assignment of preventive nutrition, insurance,etoadHowever, the influence of the
harmful and danger factors can cause the disturbahtieeoworkers health, even if
these factors satisfy the maximum allowed conditions awdl.| Unfortunately, in the
foundry industry during the crisis, the compliancehaf standards is impossible task for
the most enterprises.
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CONCLUSIONS

The fight with the dust and other harmful factorénigprogress mainly just after
their formation and their release into the air. Ttvesdhe problems of improving the
working conditions on the foundry workers jobsitesnse@ecessary the following:

« study of the physical and chemical content of titerisive harmful dust factor
and the process of the dusting;

« study of the chemical content of the isolated gases;

« the conduct of the researches of other intensisterfs;

« the development of the technical means intended tlie creation of a
hygienically safe working conditions.
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MODELLING OF A CONTROLLED TRACTIVE WHEELSET
FOR A BOGIE OF A RAILWAY VEHICLE BASED
ON NOISE SPECTRUM ANALYSIS

Maksym Spiryagin, Valentyn Spiryagin, Iryna Kostenko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. This paper examines an intelligent railway vehisistem subjected to adjust and control a
complex mechatronical system that includes comtroltheelsets. The dynamic and tractive charadterist

a railway vehicle are controlled based on noisetspm analysis for the friction coefficient detectiand
railway wheel squeal. In this paper, we proposeomhbined control system with two stages of control
strategies. The first control strategy is usedafhesion control and adjustment of railway vehitlased on
an observer, which allows the determination of iteximum tractive torque based on the optimal adinesi
force between the wheels of a railway vehicle aaits depending on weight load from a wheel to & rai
friction conditions in the contact zone, a latetiaplacement of wheel set and wheel sleep. Thensecontrol
strategy allows the adjustment of a wheel set'stjposon the track to be executed by means of astioom
actuators to links of axle boxes depending on ai&lyf noise in the wheel-rail contact. The nordénMBS
software package called Simpack was used for thelation model of the proposed mechanical systeme. T
proposed control strategy was modeled in Matlabé@itk. The Simpack model was linked with the cohtro
unit in Matlab/Simulink by means of a SIMAT-inteck The system was investigated using co-simulation

Key words: dynamics of rail vehicles, mechatronic systemgzyulogic controller, bogie, adhesion model,
actuator, stability control, guidance control, greged control, rolling noise, microprocessor cohsystem,
simulation, locomotive model

INTRODUCTION

The realization of maximum adhesion forces for a valticle in straight and
curving parts of track is a very difficult process hesm it is connected with use of
tractive efforts and depends on the contact charatitsr in the zone between the
wheels and rails.

Modern solutions in the field of the development efancontrol systems for
mechatronic systems of running gears allows the possibiliignprove the interaction
between wheels and rails for different modes of theement for rail vehicles. These
systems can be tentatively divided into the followgngups:

e traction control systems
e suspension control systems
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* brake control systems
* combined control systems.

At the present time, there has been special resettaitian on the problem of
reducing the wear of wheels and rails on the curgiags of a railway track. For this
research, it is necessary to determine the exact pareamef the contact between a
wheel and rail, and the displacement and positica wheel set on straight and curving
parts.

Usually for decreasing wear and the improvement o&sidin realization in the
tractive mode, only two control systems are used fiognatbove written classification.
One of these systems is the adhesion control system; tbadsene is the active
steering control system.

In our previous publications [Spiryagin M., Lee K.&nd Yoo, H.H., 2007,
Spiryagin M., Lee K.S., and Yoo H.H., 2008] we présd control systems that allowed
for the adjustment of traction efforts for differerth&sion conditions. These systems
were developed based on a method of steepest descefuzay logic [Pupkov K.A.,
Egupov N.D., 2004].

Active steering control system of a rail vehicle isdé&ed in . [Spiryagin M.,
Lee K.S., Yoo, H.H., Spiryagin V., and Vivdenko 2Q07]. That system was proposed
for a two-axle bogie which uses constraints with radiinks and one of the radius links
of axlebox also functions as an actuator.

The systems described above have one common featureormation about
contact characteristics for the system is obtainednbgns of noise analysis from the
wheel-rail contact.

However, the system that allows doing combined cbrdf characteristics of a
wheelset's movement, is one of the most interesting pkeanto improve vehicle
dynamics. This system [Perez J., Busturia J., Mei Tnd,\anolas J., 2004] allows the
control of traction efforts as well as the active dteprcontrol by means for
mechatronic bogie vehicles with independently rotptirheels. From a practical point
of view, mechanical components of this kind of systeeesd further improvement. The
system has a good chance to find an application dor types of rail vehicles in the
future.

At the present time, the modernization of existing tetesechanical designs of
running gears for rail vehicles is one of actual qoast In this article, we describe an
improved mechatronic system that includes two subsyst@mes of these subsystems is
an adhesion control system (it is connected to theidgracontrol). The second one is
the active steering control system. The proposed decisas estimated by means of
simulation. For the simulation, a complex model of gibof a rail vehicle, control
system for traction motors and actuators were devdlope

OBJECT AND PROBLEMS

Model Of Rail Vehicle
The evaluation of traction and dynamic charactesgstit a rail vehicle requires
an adequate representation of different modes of &le&hwork and an interaction
between running gear’'s elements and track [Masliev. V2802, Iwnicki S. , 2006,
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Himmelstein, 2004]. The solution of this task is possibleetach if the friction process,
which present in the contact between wheel andisailescribed in the correct way.

The traction bogie of a rail vehicle DEL-02 manutaed by JSC “Holding
company “Luganskteplovoz”, was taken to conduct $iraulation experiments. The
bogie is shown in fig. 1 and has a two-stage sprirgpesosion. This bogie and non-
motor bogie of the same vehicle has unified parts siscthe frame, brake, mounting-
returning device. The traction bogie has two AC tteac motors with supported-frame
suspension and two torque gears. The traction frorwkigel to the pivot is transmitted
through the resilient axle box radius links, bogierfeaand resilient traction rods.

We make an assumption that the bogie is equipped whttels, which have a
profile as shown in fig. 2, and the wheels movetanttack with a rail profile plotted in
fig. 3.
The value of the adhesion force is separately caldiléor each wheel and
depends on a rail vehicle’s velocity, a slip veloafycontact bodies, wheel and ralil
profiles, a weight load from a wheel to a rail, fiect condition in the contact zone and a

position of a wheel relative to a rail.

(=) .A 0, o,

Fig. 1. Side view of front traction bogie of thél keehicle DEL-02
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Fig. 2. Wear wheel profile, which is obtained byams of wear analysis
for locomotives’ wheels [Carev 1982]
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Fig. 3. New rail profile

For the simulation of adhesion process in the contaweé,zthe adhesion model
[Spiryagin V., 2004, Spiryagin, M., Lee, K.S., Yod{.H., Kashura, O., and
Kostjukevich, O., 2007] was applied. The adhesiond@an be defined as

Ifa:Ngl(A/exp(sEBH AlnEmB)+ A/EOB+ A€DB+ A TTT/ T7; (D

Here: N — weight load from a wheel to a ralil;
Al, A2, A3, A4, A5 — coefficients of relation;

S - vector of wheel slip;

€ - relative slip, [%];

B=T1T3T5T6;

T1, T2 — coefficients, which depends on friction citinds in rail-wheel contact;

T3, T4 — weight load coefficients;

T5 — velocity coefficient dependent on the veloaitpf the locomotive;

T6, T7 — coefficients, which are dependent on crossomy of a wheel relative to the
rail;

T8 — coefficient of angle of attack of the wheel;

T9 — coefficients, which depends on traction of brgkimode of a rail vehicle’s
movement.

Coefficient T9 should provide a safety in the braking mode. Funtoee, the
process, which has a place in a suspension and is cafladpansion lock, has a big
influence on vehicle dynamics. In this case, the dynarstart worsening and, as a
result, the adhesion coefficient between the wheelraih decreases. Based on this, the
coefficientT9 can be equal to 1 in the traction mode and etudl5 in the braking
mode.
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The values of coefficients for equation (1) for thieee@l and rail profiles, shown
in fig. 2 and fig. 3, are listed in Table 1. Furtimere, in this table}l is the maximum
friction coefficient of concrete friction conditidior two contact bodies.

In the next section, the possibility of obtaining imf@tion about friction contact
characteristics such as the maximum friction coefficiendd the angle of attack by
means of noise analysis will be discussed.

Noise In Wheel-Rail Contact

A review of investigations on the possibility of detegtfriction conditions in
the contact zone with the help of the method of usingpise analysis was published by
[Spiryagin M., Lee K.S., and Yoo H.H., 2008]. Itleals making a preliminary
conclusion that the detection of the maximum adhesi@fficient is possible by means
of noise analysis.

Dry contact Wet contact
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Fig. 4. Results of noise analysis in the contath wWie permanent slip
and the angle of attack=0

The problem of the dependence of the angle oflattacoise characteristics has
been studied in works published by [Hsu, S.S., Huandwnicki, S., Thompson, D.J.,
Jones, C.J.C., Xie, G., and Allen, P. D., 2007, &wath, M., Hentschel, F.,
Himmelstein, G., and Krouzilek, R., 2003]. The obtdimesults for the measurements,
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made on special test rigs, show the possibility of gettifymation about the angle of
attack based on an analysis of the power spectral yearsit the sound pressure level.
Fig. 5 shows the investigation results obtained by [F&&,, Huang, Z., Iwnicki, S.,

Thompson, D.J., Jones, C.J.C., Xie, G., and Allem.P2007].

For the further confirmation of the proposed mettederies of experiments on a
specially developed test bench were made by [Spiny&gl., Spiryagin V.l., Klyuev
A.S., Klyuev S.A., Ulshin V.A., 2008, Spiryagin M.ee K.S., Yoo H.H., Spiryagin V.,
and Vivdenko Y., 2008]. The obtained results show that detection of the contact
characteristics only by noise sound pressure analysit jzossible. However, the study
on acoustical signal allows the possibility to get thwifrimation. The example of
analysis is shown in fig. 4. However, a more detaitaastigation in this field is still
required.

Table 1.Coefficients for equation (1) for the definition d the value of adhesion force
in the wheel-rail contact

A, 1
A, -0.1419381

As 0.026201

A4 4.3642

As 2.0729

T, 0.026+2.38p

T, 11/0.40907

Ts 0.00635+0.0000368N, N[kN]

Ts 0.9713+0.0003454N-0.00000056 74 NI[kN]

Ts (0.10108v-0.108)°, v[m/s]

Te 1.0002+0.1026y+0.0024199.000728¥, y[m]

T, 0.99976+0.0059684y-0.00006288y+0.0000577856Y, y[m]
Ts 1-0.0056)|(0.1057+0.087y+0.01158y  [rad]

Based on these results, it is possible to make a concltsirthe use of noise
analysis to get the friction characteristics in thataot zone as well as the angle of
attack is a possible variant. However, it is necessargrhember that for each concrete
case of interaction between wheels and rails, the semise can be identified only for
the same models of rail vehicles with specified desigmattteristics, such as wheel and
rail profiles, suspension systems and etc.

Proposed Control System

For our proposed system, we need to use the algoritbmsohtrol systems
described in works published by [Spiryagin M., LeeSK.and Yoo H.H., 2008,
Spiryagin M., Lee K.S., Yoo, H.H., Spiryagin V., datVivdenko Y., 2007]. In this
paper, we investigate combined work of control seteys for the complex control of
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wheelset’s dynamics. Fig. 6 shows the proposed micropraceystems for one
wheelset.

For the correct work of adhesion control subsysténs hecessary to make a
comparison of optimal and estimated adhesion forces.
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Fig. 5. Dependence between sound pressure letleéafominant frequency and yaw angle
for rail-wheel contact [Hsu, S.S., Huang, Z., IvkijS., Thompson, D.J., Jones, C.J.C., Xie, G.,
and Allen, P. D., 2007]

Optimal adhesion force can be computed accordiriggteation (1). In this case,
the slip value should approximately be equal to Zgmis because this slip provides a
stable work in the wheel-rail contact [Engel B., Bét-P., Alders J., 1998].

The detection of the adhesion coefficient, which lsoaused in Eq. (1), is
possible by means of noise spectrum analysis in the waikelntact and using GPRS
and GPS technologies. A GPS satellite system is usedbtaining the position of a
railway vehicle at a specific moment of time. Aftece®ing the current position on the
curve, the track characteristics for the current pmsitan be obtained by means of the
GPRS from the station computer. The obtained noisespascessed by a special
algorithm to obtain the noise characteristics for aefiequency bands. By looking up
a special database data, received from experimentil tla@oretical research, the
dependence of the adhesion coefficient on noise eaxk tcharacteristics, vehicle
velocity, relative slip, the lateral displacement #mgl angle of attack can be obtained.
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Fig. 6. Microprocessor control system

The estimated adhesion force can be defined basedplade transformation
and adapt primary order low-pass filter by the follogvequation
Fa= s 3 Lo Ly (g @
r r<r, ITs+1
Here: Tuneersis the tractive torque applied to a wheelset, r iadius of wheel, J is an
inertia of wheelsetzy is a time constant of the observer, and V is thedwtive
velocity.

Based on a comparison of the obtained results of thesaf the optimal and
estimated adhesion forces, the adjustment of the reljtirgue of the AC traction
motor for a wheelset is provided by means of a cdetoWhich has been developed
with the use of fuzzy logic. More detailed information this controller used for our
proposed system can be found in [Spiryagin M., Lee, .80, H.H., Spiryagin V., and
Vivdenko Y., 2007].

For the second subsystem for active steering of the Isétedt is necessary to
change one of radius links of axlebox by a link-attuén the mechanical system. This
decision does not require any change in the bogiesigdeThe algorithm is based on a
comparison of values for optimal and estimated steenigiea (the steering angle is a
yaw angle of wheelset relative to a bogie’s frame).

The optimal angle can be obtained with the follaywguation:




240 Maksym Spigyn, Valentyn Spiryagin, Iryna Kostenko

Voo = arcsin(b / R) A3)

Here: b is the distance between the leading aninaéixles of bogie, R is the track
curvature, which can be defined by means of using/GPRS technologies.

The estimated steering angfg, can be defined as

Ves =W = (Y1~ ¥,) [ b+ "W 2 R @
Where:y is the angle of attack (this angle can be obtaineth hoise analysis as
described in Sec. 3);@nd y are the lateral displacements of wheelsets; i* = 2i(fer
the leading wheelset i=1 and for the trailing on2)i=
The controller for the active steering control systdmsed on the simple
proportional control law, is described by [Spiryaiin Lee K.S., Yoo, H.H., Spiryagin
V., and Vivdenko Y., 2007].

Design And Simulation Model

The evolution of the proposed system was performed nsef a simulation
on a traction bogie of a railway vehicle DEL-02.eTtveight of a half carbody was
connected unmoveable as weight forces to the suppeststhe development of the
simulation model, the non-linear MBS software packagked Simpack was used. The
proposed control strategy was modelled in Matlab/SmkulThe Simpack model of the
bogie was linked with the control unit in Matlab/Siink by means of the SIMAT-
interface. Based on the software packages describea abe system was investigated
by using co-simulation.

Fig. 7 presents the dependence between the maximursiaendtmefficient and
the distance along the track. This allows the simuladiodifferent adhesion conditions
between wheels and rails.
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Fig. 7. Dependence of the maximum adhesion coefftadn distance along
the track inputted in Simpack
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The estimated rail curvature is plotted on fig. 8t this simulation, the curvature
radius was obtained from the following equation [Kochkl., Hentschel, F.,
Himmelstein, G., and Krouzilek, R., 2003]

1/R=Q/V (5)
fig. 9 shows the calculated results as a function otithe. The obtained results
confirm the satisfactory work of the proposed system.
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Fig. 8. Estimated rail curvature

CONCLUSIONS

This paper presents the design of a mechatronic whdetsgtogie of a railway
vehicle. Co-work of the adhesion control system dmdéective steering control system
were used to improve vehicle dynamics in curved paftsrack. The work of the
proposed control subsystems is based on noise analysis.

The system performance was checked with co-simulatiorSimpack and
Matlab/Simulink software. As a result, we achievedtesfactory control system.

In conclusion, for the correct work of the systemdalrconditions more detailed
theoretical and experimental investigation needsetpdrformed on the dependence of
the adhesion coefficient and the angle of attacknfrwise in rail-wheel contact for
different working and friction conditions.
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MOJEJIMPOBAHUE YIIPABJIAEMOI'O KOJIECHO-MOTOPHOI'O BJIOKA JJIsA
TEJEXKH PEJIbCOBOI'O TPAHCIIOPTHOT'O CPEJCTBA, OCHOBAHHOI'O HA
CIIEKTPAJIBHOM AHAJIM3E HIYMA

Maxcum Cnupsirus, Baneatun Cnupsirun, Upuna Kocrenko

AnHoTanus. B oroif paboTe mcciexyercs cucTeMa YIPaBIEHHS — JKEIE3HOJOPOXKHOTO TPAaHCIOPTHOIO
cpescTBa 00BEKTOM PETyIUPOBAHUS U YIPABICHUS SIBJIAECTS KOMIIIEKC MEXaTPOHHBIX CUCTEM YIPaBJISIOMIUX
KOJIECCHOMOTOPHBIM  OJI0KOM. Y IpaBJIeHHE JTUHAMHYECKMMH M TATOBBIMH  XapaKTEePHCTUKH
XKEJIC3HOJOPO’KHOTO TPAHCIOPTHOTO CPEACTBA OCHOBBIBAIOTCS HAa aHAIHM3€ CHEKTpa IIYMOBOM KOHTAaKTa
Kojeca M penbca  JUIl  COAEHCTBYIOIIEro (PHKIHMOHHIOTO COCTOsHMSA. B crarthe, Mbl mpeanaraem
KOMOMHUPYEMYIO YNpPAaBIAIONIYI0 CHCTeMy C JByMs CTpaTerwsaMu ynpapieHus. Ilepsas cTparerus
YIPaBIICHUS HCIIONb3yeT KOHTPOJIb U YIPaBICHHE CLCIUICHHEM KoJleca H peibea, MO3BOJISET ONpENelIuTh
MaKCHMaJIbHbIA TATOBBIA BPALIAOLIIOIIMA MOMEHT, OCHOBaHHAs Ha ONTHMMAJIbHOM CHJIE CLEIJICHHS MEXAY
KOJIECAMH KEJIE3HOIOPOKHOIO TPAHCIIOPTHOTO CPEACTBA U PENbCaMH B 3aBHCHMOCTU OT BEPTHKAJIbHON
HArpy3KH IlepelaBaeMOl OT Kolleca K penbCy,QpUKIMOHHBIX YCIOBHH B KOHTAaKTHOW 30HE, OOKOBOE
CMeEIEHHs KOJIeca OTHOCUTENIBHO PEbca U CKOPOCTU CKONB)XEHHUs. BTopas cTpaTerus ynpasieHus HO3BOJSIET
pEryaMpoBaTh II0J0XKEHHE KOJECHOH Mapbl OTHOCHUTENBHO IyTH, IIOCPEACTBOM JAEHCTBHI aKTyaTOpOB
YCTaHOBJICHHBIX B OyKCOBOH CTYIICHH ITOJBEIINBAHUS B 3aBHCHMOCTH OT aHalM3a IIyMa B KOHTaKTe Kojeca H
penbca. [yt MMUTAIMOHHOM MOJENH IPEAJIOKEHHOW MEXaHMYECKOW CHCTEeMbl ObLI HCIIONb30BAH IaKeT
[porpaMM HelHHEHHOro Moaenuposanus Simpack IlpeanokeHHas cTparerus ynpasieHHs MOACINPOBAIACh
B Matlab/Simulink. Mozens Simpack ces3siBiace ¢ ycrpoiictBoMm ynpasinerust B Matlab/Simulink
nocpencrBom SIMAT-interface. B pesynrare uero wuciemoBanach coBMecHas pabora ABYX CTpareruii
yHpaBJIEHHs TPAHCTIOPHTHBIM CPEIICTBOM.

KuroueBrble cioBa: J[MHaMHKa PENbCOBOTO TPAHCIOPTHOTO CPEACTBA, MEXaTPOHHAs CHCTEMa, KOHPOILIEP
HCYCTKOH JIOTMKHM, TEIEKKa, MOAECHb CHJIbl CLCIUICHHS, aKTyaTop, YCTOIYMBOCTb, CHCTEMa YIpaJCHUs
HAIpPAaBICHACM JBIKCHHUS, MHTCIPAIBHBIA KOHTPOJUIEP, IIyM KaueHHs, MUKPOIPOLIECCOPHAs YIIPABIISIOMIAs
CHCTEMa, MOJICIHPOBAHNE, MOJEIb IOKOMOTHBA
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DYNAMIC NON — AXIS — SYMMETRICAL
SUM ABOUT THE TORSION OF THE ELASTIC
HALF-SPACE WITH THE PUNCH

Valery Starchenko, Vyacteslav Buryak

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. In the work the sum about the joint oscillationtloé elastic isotropic half-space and rigid while
stretching (compression) of the punch of an anyitishape in the plan to which the rotational moment
changing according to the harmonic law in time ppleed. The asymptotic formulas for defining contac

shearing stresses under the punch, the angle gihiagand module of complex amplitude of the punch
oscillation.

Keywords: elastic half-space, integral transformations, detry of oscillations, contact shearing stresses,
complex amplitude of oscillations.

INTRODUCTION

Nowadays the mechanics of contact interactions of saéitbrmable bodies
represents a big and actively developing branch ofharcs of continuums. Static
contact sums are quite well researched. A big probkerreated by the solutions of
dynamic contact sums which have a scientific and protadue.

The main publications on the given problem are givetihe works [Galin 1980,
Vorovich, Alexandrov, Babeshko 1974, Vorovich, BabesH 979, Seymov 1976,
Novatskiy 1970, 1975, Kilchevskiy 1976, Cherepard®74, Alexandrov, Kovalenko
1986, Goryacheva, Dobychin 1988, Alexandrov, Pcsitigr 1998, Alexandrov,
Chebakov 2005, Grinchenko, Meleshko 1981] which @ontthe review of main
scientific results dedicated to the solution of conhttatic dynamic and thermoelastic
sums for elastic and viscoelastic bodies. Mathematical adstlof solution flat and
spatial sums while different boundary conditions ondiwetact squares are set out. The
main correlations of mechanics of continuums and thebejagticityare given.

OBJECT AND PROBLEMS

The aim of the given work is the research of dynamic-axis-symmetrical sum
about the torsion of the elastic half-space (fig. ithwhe punch and determination of
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contact shearing stresses under the punch the angggihg and module of complex
amplitude of the oscillation punch. Henceforth foohess speaking about stresses
transferences lagging their amplitude values are tn@aune values are received with

the multiplication by the multiplieg" . As far as it is known to the authors the similar
sum wasn'’t earlier considered.

1. MocranoBka 3amauu. Putting the sum.
From a mathematical point of view the sum
comes to the solution of Lame’s [Mushelishvili
1966] equation while the absence of body forces
with the boundary conditions

&

u=f,(xyo)

)
Mo ¢™ v=1t,(xy.0)

} (xy)oQ, @

=y

7,(%%,0)=0, 7,,(x¥,0)=7,,(x y,0)=0,
(x, y)DQ.
Hereu and v are elastic transferences on
the axesx andy, and 0,7,,,7,, tension on the
square with the normad.

Fig. 1. The loading diagram

The use of the principle of saturable absorption [Vimln, Babeshko 1979,
Tihonov, Samarskiy 1972, Starchenko 2005, StarcheBkwyak 2005] and twofold
Fourier transform [Uflyand 1968], the given mixed switl be led to the system of two
twofold integral equations of the first type

gfl(f,n)Kn(x - &,y -n)dédn + grz (€7)Koo(x =& y—n)d&dn = o
=au fi(xy). (xy)oQ,

grl(fﬂ)Klz(X‘f’ Y‘U)dfd”+QT2(<("7)K22(X‘5- y-n)dédn =

=4auty(xy)  (xy)oQ,
Here: 73(x y) = 1o (x ¥) = ta(x y) +izz(x y), T2(xy)=7,(x y)=
= r21(x, y)+ir22(x, y) —is shearing stresses in the area of the contact,

Kia(R9)= [ JR(BVKIF (K] et i,

Kia(p9) = | [Fala. .y, K)F (v, K] e ®)dags,

—00

Kaa(n9) =] TR (@, K (k)] e darip,

—00
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Fu(B.vK) = -4y + 387 + 2 k2 )2+ ap2 2 - K2y - b,
Fz(a',,B’,y,k):a;B’(Aly2 -3k? —er\/y2 -k? \/y2 - bgkzj,
=\/y2 —k2[4y2\/y2 _kz\/yz _ bgkz —(2;/2 _kz)z}
Fu(a,y.k)= Fl(ﬂ,y,klﬁ:a, y:=a®+p?,
k? = pa?u(1-ig), bE = (1-2v/21-V)).

p, 14 —is the density and module of lagging of elasti¢-bphce;

& —is the coefficient of proportionality which chaterizes the internal friction;
v —is Puassona coefficient.
For big values of the parametkkn[ and bandpass area of the contact the system

of equations (2) to the members of the order of \aalalg is disintegrated into two
k

independent equationS'
—e \/ 7° -k
(i=12)
Taking into consideration thatf,(x,y)=-6y, f,(xy)=6k and searching for
the solution of the equations (3) accordingly in fitien of

n(xy)=-yr;(x), 7,(xy)=15(x), (4)
with the regard of the equalities
2 BN gdg =y L1 TN dnds =1
zﬂf_{one ndg =y, Zﬂj_{oe dB =1

understood in the sense of the theory of general imsfViadimirov 1976] we will
persuade thar; (x) and 7, (x) must be found from one-dimensional integral equations
of the first type which in dimensionless variables Wwéle the look.

I kel eloe =t} (9. (<1.1=122) ©
ke [x(x- €)= ICOE{X( )]“*dm (6)

\/m (1-ig)?
Here: A = @™, 2a —is the width of the plus punch,
f, (x)=0, f,(x)=6k 6=8 +i6, —is the amplitude of the angle of the turn of the

punch, y = aa(,o/,u)]/2 —is the relative frequency of the oscillations.



248 Valery Starchenko, Vyaeklav Buryak

Using the method of work [Nobl 1962], we’ll get theaim member of
asymptotics of solution of equations (5) for big. With the regard to indications (4)

while £ - 0 we’ll have
r,(xy)= —AH)(i[e‘iX(“X)/\/i my(L+x) +erffix(1+x) +
+e W0/ i ([L=x) +erffix(L-x) -1y,

7,(x, y):AH)(i[[x—%ixje_”(“ )/,/iip(i1+ X) +
+ xerf fiy(1+ x +(1+%i){)e_”((l_x)/wliwil—x5+

. 2 § ¢
+ xerf \/iy(1l—x) —x— |, erf x=—[e™ ds|.
TTo
Further we’ll define the reactive moment which amtsthe punch from the side
of the half-space referred to the unit of length

O

11 b .
M = Jax[[xra(x y) = yra(x dy =My +iM . 8)
-1 -b
Substituting (7) and (8) we’ll get
M1 = 8|1+ axi)erf y2xi ++/2xie 2 /\77 - 2xi3, (©)

M, =M,/b2, M, =M, +iM,)
In the formulas (8) and (9) it's known that the puistit endlessly long but has

the final but quite big length.
2. We'll get the formulas for counting the angle afiging ¢ and module of

complex amplitude of the oscillation of the pung. We'll write down the equation of
the rotating movement of the punch relative to theza
2 ) )
J, E—ljt—z(ae'“)z Mee'“ -M,e'“, (10)
where:
JmM, =0, J, =31 /b%, My =M,/b?,
J; — is the moment of the inertia of the punch relatovéhe axz .

Having done the differentiation in (10) and theisiion of real and imaginary
parts we’ll get taking into consideration (9)

M0:81(A11—Jza)2)+A1292, 0281A21+92(A22—J2a)2). (11)
Solving the system (11) relative # and &,, we’'ll find
tg(-¢)= 92/91 = Agl(XzJ; - Aéz)_lv
-y2
6 =| 20 - + (k) (12)

Here:
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J; = Jz(ap)_l’ A:j = Ahj/A' (”’ i= 12)'
M, = (A11‘91 + A&z‘gz)A' M, = (A21‘9+ A0, )A, (13)
Ay = A1 A=A, 6 =60/ Mg, 6= (912 +922)J/2-

The results of the calculation of values done accgrtbrthe formulas (12), (13)
are given in table 1.

Tablel.«The results of the calculation of the module of eoplex amplitude
of the oscillation of the punch and the angle of ging»

x\ J’; HS P\ paod)
5 10 20 5 10 20

0,125 3,785 4,476 4,623 0,890 1,16¢ 1,891
0,250 3,635 2,421 1,028 1,555 2,413 2,856
0,375 2,074 0,907 0,403 2,378 2,83 3,007
0,500 1,043 0,463 0,215 2,722 2,96( 3,058
0,625 0,612 0,282 0,134 2,862 3,014 3,081
0,750 0,403 0,190 0,092 2,933 3,044 0,094
1,000 0,214 0,104 0,051 3,002 3,074 3,109
1,250 0,133 0,065 0,032 3,034 3,089 3,116
1,500 0,091 0,045 0,022 3,053 3,096 3,120
2,000 0,051 0,025 0,012 3,075 3,109 3,125

From table 1 the dependences of valuyisand 6?8 on the non-dimensional

frequency y while different values of the non-dimensional momeinthe inertiaJ;.
can be seen.

It's seen that for valuesy = 025 the module of complex amplitude decreases
with the increasey and J; but the angle of lagging increases with the increase

and J; that quiet corresponds to the physical meaning o$tine.

CONCLUSIONS

The strict conclusion of integral equations with takthe principle of the limited
absorption into consideration is received. The asympfotimulas for defining contact
shearing stresses in dependence on the amplitude ahtile of the turn of the punch
which can be used for specified calculations on tielility and rigidity in transport
and general machine-building are given.
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JUHAMMNYECKASI HEOCECUMETPUYHASA 3AJJAYA O KPYYEHUU ITAMIIOM

yYHrPyroro nojaynPOCTPAHCTBA

Banepuii Ctapyenko, Bayeciaas Bypsk

AnHotanus. B pabore paccmaTpuBaeTrcss 3amada O COBMECTHOM KOJNEOaHUM YIPYroro H30TPOIHOTO
HOJIYIIPOCTPAHCTBA M JKECTKOH HA pacTsDKeHHe (CKaTHe) IUTaCTHHKU (IITaMIia) IPOM3BOJIBHONW (OpPMBI B
IUIaHE, K KOTOPOH NMPHUIOKEH KPYTSLIMil MOMEHT, H3MEHSIOMHUIICA 10 TapMOHHYECKOMY 3aKOHY BO BPEMEHU.
IMomy4eHsl acUMOTOTHYECKHE (DOPMYINBI JUI ONIpPEAENICHUsS KOHTAKTHBIX KacaTeNbHBIX HANpPSHKCHUH IIOJ
IITAMIIOM, yIJIa caBura (a3 ¥ MOLyJIsi KOMIUIEKCHOU aMILTUTY/BI KOJICOAHHS [ITaAMIIA.

KiroueBble cj10Ba: ynpyroe IOIyIPOCTPAHCTBO, HHTETpalbHBIC NIPE0Opa3OBaHMs, YacTOTa KOIeOaHU,
KOHTAKTHBIC KacaTelIbHbIC HAIPSKCHHUS, KOMILUICKCHAsI aMIUIUTY1a KOJICOaHHIA. .



TEKA Kom. Mot. i Energ. Roln. — OL PAN, 2011, 11A, 25I-25

THE RESEARCH OF FRICTIONAL CHARACTERISTICS
OF MODIFIED CARBON — CARBON COMPOSITES

Valery Starchenko, Maria Pavlenko,
Vyacheslav Ovcharenko, Andrey Manko

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The results of experimental researches of the fieddifrictional C-C composites of a new
generation.

Keywords: a frictional material, a disk brake, friction cbefent, C-C composites.

INTRODUCTION

Providing with the unconditional safety under thenditions of continuous
growth of the traffic speed of vehicles is consideratd§ined by the effectiveness of
the action of brakes. One of the main problems of dmalechanisms is the essential
dependence of physical and mechanical and tribadbgibaracteristics of frictional
materials of brakes on the multitude of accidental of@ctespecially including the
influence of the temperature factor is singled outnathé braking process the work of
frictional forces is transformed into the heat eneffiye temperature of the surface of
frictional interaction of the tribological situatidn the brakes can reach 400, 600 and
even 100€C.

Thereupon some actual researches are the all-roumdrebes of frictional
materials of a new generation which differ from semmaterials with more stable wide-
ranging characteristics of the change of working erafures in the braking process.

OBJECT AND PROBLEMS

For the last decades the science of our country, edgagth the research of
frictional materials and the increase of vehicles opmrasafety, has received a
significant development in the works of Chichinadze Mexandrov M., Kragelskiy I.,
Volchenko A., Gurin V., Hebda M., Gudz G.
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One of the directions of braking efficiency increasethe application of the
modified frictional C-C composites of a new genemti@allowing to stabilize the
friction coefficient [Bruneton 1997, Starchenko 80Q006, 2010, Fitzer 1987].

The experimental researches of the tribological atteristics of different
frictional materials such as carbon-carbon compositecradg (C-CCM) with the
fabric-lined breaching structure of the reinforcememtdified C-C composites and
hybrid C-C composites were conducted on the serielidri machine (SFM-2) in the
brake laboratory in Volodymyr Dal East-Ukrainian oatl university [Starchenko
2010]. All the trials are performed under the coindié of dry friction (Coulomb
friction) and “wet” friction under the equal conidins of weighting (as a rider the brake
discs made of hardened steel and C-C composites are used.

For the trial of carbonic materials with the fabliieed breaching structure of the
reinforcement the first examples of shoes were madimefrained industrial graphite
(FIG-7). According to the results of conducted tehts apparent density of examples
made of graphite (FIG-7) made up 1,77glcmpen porosity-17,2% and densimetric
density-1,7g/crh The trials were conducted together with the ridede of steel 45
(HB=580...620) while having the equal speed of thatioh of the disc 1000 turns/per
minute (2,62m/c) and different specific pressure -&h@ 3,35 MPa (fig.1).The results
showed that while increasing the specific pressure amp to 3,35 MPa the value of
the friction coefficient of the graphite along tbieel is decreased approximately in 2-3
times that is in accordance with the classical thewfryribology and the results of
earlier conducted works with the graphites of différypes.

=0.8
S 06a
a™ s —1 2WPa
<} q,./ L
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Fig. 1. The dependence of the constant of friction
of graphite (FIG-7) on the temperature

For the further trials with the help of the fabricdd method some development
types were produced-shoes with the reinforcing framkvem the basis of carbonic
fabric URAL-TM4 with the pyrocarbonic matrix thelleits were also sewn with the
carbonic thread URAL NSH in two combinations witle ghitch-15mm (fig. 2). Testing
development types showed that apparent density oféterial makes up 1,37g/ém
open porosity-14,92% and densimetric density-1,619/@e trials showed that while
the friction of the shoe made of C-CCM along the bagdi steel the friction coefficient
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practically linearly is increased up to the tempemtaf 306C and then becomes
stabilized according to the value on the level-hat tmight be conditioned by the
change of theharacter of the friction process from the elastic @méo the viscoelastic
one.
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Fig. 2. The dependence of the constant of friction
on the temperature; C-CCM, pressure-1,34 MPa

The confirmation of that is the evident decreasehefdolidity of the steel disc
while measuring after the trials with the temperatfrihe surface of more than 300C.

So if the initial steel solidity made up HB=580...2Ce1hafter the trials while the
the temperature of more than 3Q0the solidity decreases up to the values
HB=160...200. While using the disc and shoe from the sanakerial - C-CCM under
absolutely identical conditions the temperature ofghdace didn't exceed 280D that
is evidently connected with a higher heat conditgtief carbonic composites in
comparison with steel (in 20....40%) and lesser valueshefvalue of the friction
coefficient. For researching peculiarities of "weticfion of the pair C-CCM - steel
onto the surface of the friction some water was sugpligh the continuous flow. The
results of the trials are given in table 1.

It was established that while having equal conditidms tonstant of “wet”
friction is less than while dry friction approximateh 2 times, while having the equal
pressure - 1,34 MPa the friction constant accordimghkes up 0,15 and 0,34. While
“wet” friction the same tendency of decreasing thetifsh constant with the growth of
the pressure is observed.

Table 1.The dependence of the constant of “wet” friction otarbon-
carbonic composite material along the steel on tharessure

Pressure, MPa 06f 134 268 4,02 536 67 10,1,4 136,7

The maximum 17 17 19 20 23 25 26 30 32
temperaturéC

The friction coefficient 0,20 0,1% 0,10 0,21 0,10,1®| 0,09| 0,09 0,08
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The conclusion must be made that while dry frictionshibes made of “pure” C-
C composites along the steel or along the disc madeeafame material (a composite
along a composite) under the conditions of small enatpires of the friction surface the
value of the constant of friction isn’'t high but Wwithe growth of the temperature of the
contact surface it has a steady tendency for the deradile increase.

The trials of modified C-C composites. For the increzfshe friction coefficient
at a small temperature of the friction surface andsti#bilization of its wide-ranging
change the technological scheme of production @i rmodified frictional C-C
composites on the basis of pyrocarbonic matrix is offefée distinctive peculiarity of
which is the introduction of the friction modifierato the structure: abrasive fine-
dyspersated particles of alumina boron carbide and@roas boron.

The development types are produced on the basis opyrecarbonic matrix
[Gurin 2001, Starchenko 2008, 2004] with the reioiiog framework and carbonic
tissue URAL-T22 and addition of amorphous boron orohocarbide. As a rider a
rotating disc made of hardened steel was used. Tdis tiere conducted under the
conditions of dry and “wet” friction while the spe of the disc rotation 1000 turns, per
minute and the pressure in the range 6,7...20.1 MBa3Ji As it is evident from the
received results the use of modified composites alltmasolve the problem put by: to
increase the constant of the friction at small tempees( up to 20C) and increase
its stability at high temperatures of the working nge it being known that the
stabilization is shifted into the sides of lower tengpares. The trials while “wet”
friction showed that the value of the constant aftifvn is decreased and lies within
the limits 0.24...0.27 at pressure 0,67 MPa and 0.120.8t pressure 1,67 MPa in the
temperature range up to 5C. In modified C-C composites the value of the foati
coefficient is higher that is conditioned by the mtion of the abrasive particles of
modifiers with the metallic disc surface even whilenttnuous water supply.

1 —
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Fig. 3. The dependence of the friction coefficient
on the temperature of the friction surface

While the trials of hybrid C-C composites for the gmse of their thermalphysic
properties the method of using of different accordittg the structure fibres
(hybridization) in the reinforcing framework andopiding their spatial location in the
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stuff was chosen. Thereupon for the decrease of thpeterture tensity of the contact
friction surface tension the shoe material is neadlkith would possess high thermal
capacity and heat conductivity that would contrébtd the heat abstraction which is
formed as a result of the work of frictional forcesthe contact friction surface. The
development types are produced on the basis of théoreing framework which is
made of carbonic fibres in the form of a carbonicugs®)RAL-T22 and copper wire
(d=0.15mm) moreover the layers of the carbonic tisser\valternated with the layers
of the net from copper wire. The compression of iferix with the pyrocarbon was
conducted with the thermogradient gas-core methdl thie use of radially moving
zone of the pyrolysis. While dry friction of the shivem the hybrid composite along
the hardened steel the constant of friction pradyickdesn’t depend on the value of the
pressure on the surface of the friction.

The temperature on the contact didn’t exceed@0#nd the temperature of the
disc made up 150...200 that testifies to quite high thermophysical chamastics of a
new hybrid composite and must be referred to the ipesiproperties of the
reinforcement at the expense of the use of the copper

Table 2.The dependence of the constant of “dry” friction orthe pressure

Pressure, MPa 0,48 0,71 0,98 1,19
The friction coefficient 0,42 0,40 0,46 0,46
Temperature,C a7 68 97 109

As it had to be expected the constant of “wet” fantiis less than while dry
friction and is smoothly decreased as the pressureases (table 3).

Table 3.The dependence of the constant of “wet” frictionon the pressure

Pressure, MPa 0,48 0,94 1,48 1,91 2,89 4179 7,18
The friction coefficient 0,24 0,18 0,16 0,14 0,14 ,1D 0,12
TemperatureC 27 22 24 40 40 40 45

The important fact is the fact that the use of thenmade of copper wire in the
structure of the reinforcing framework of hybrid Ce@mposites considerably allows to
decrease the thermal tension of the contact surfaddeofriction and increase the
stability of the constant of the friction in the witemperature range (table 2). Received
results allow to prognose that brake shoes from hylmdposites with the copper wire
will work effectively and safely and even under tbenditions of the increased
humidity.

CONCLUSIONS
As a result of some experimental researches it is definad the frictional

materials for the brakes of vehicles in the form afdified C-C composites have better
tribological indices and substantially increase tffectiveness of the brake process
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that provides the minimization of the brake way and time of braking thereby
contributing to the increase of the traffic safetyehicles.
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¢pukonHbx C-C KOMIO3UTOB HOBOT'O MTOKOJICHUS.
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APPICATION OF COMPLEX POWER FUEL MADE
OF COAL-ENTERPRISES WASTES PRODUCTION
TECHNOOGY USING NEW BINDING MATERIALS

Yuri Svinoroev, Vladimir Kostrub

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary: In conditions of ecological state worsening theassity in raw materials and wastes, particularly
coal wastes, recycling and fuel briquettes prodmcbecomes urgent. The article investigates tecigyobf
complex power briquettes production using linggbahates as ecologically clean binders.

Key words: fuel briquette, binding materials, technicablinsulphanates, power value.

ANALYSIS OF PROBLEM STATE

Coal-mining production is technologically accompanidy formation of
considerable quantities of different anthropogenicstes, reaching 37% of coal
extraction [1]. With transition to collection of @ogical taxes proportionally to
volumes of factual production discharge including wsastlisposal to technological
dumping grounds, the most effective managers of emsegpbegan to realize that it is
cheaper to exclude or reduce quantity of wastesaaeplof their formation than to pay
out ecological tax. Such source-saving approach ismibgt actual nowadays [2, 3, 4,
15, 22].

AIM AND TASKS OF INVESTIGATIONS

Coal wastes fine-fraction and finely dispersed compbhequettes are the most
rational way of raw material secondary use. One ofntlagor difficulties of briquettes
production is the necessity of cheap, non-scare andgcally safe binding material
application. In connection with this, the use of nfiedi technical lingo-sulphanates
having better strength characteristics has been proposed
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PRESENTATION OF INVESTIGATION RESULTS

Culm and slime utilization is mainly performed on awoclators. Only
preliminary specially prepared wastes can be used ler decond time. Major
technological difficulty in culm and slime recyclirig their dehydration to 10-12%
humidity. In connection with this, development of smalhd middle-power compact
productions engaged in culm and slime recycling imtquettes corresponding modern
power processes requirements becomes very actual. Aggliomeis one of actual
tasks in preparation coal wastes for use as an powkefMo®btain sellable product fit
for realization in the recoverable raw materials markgquette should meet a number
of requirements:

- should not contain harmful impurities exceeding pesihle level;
- possess strength sufficient for its further transportation;

- retain strength while being humidified in transpodati

- possess strength at high temperatures;

- possess homogeneous chemical structure;

- possess homogeneous linear sizes of pieces;

- have comparable with traditional cost.

Piecing of finely dispersed culms and slimes providesrerises not only with
additional power resources of iron-containing materiaut reduces ecological impact
on environment and stabilizes the work of main stagescuraulation, raw material
preparation, and recycling. Briquetting is the psscef obtaining pieces (briquettes)
with and without additive binding materials with fugr mixture compaction into
briquettes of necessary size and form. The aim ofl snaerials structural formation
is not only to obtain pieces of definite size but teate complex specified physical and
chemical characteristics in artificial structures. hthere is an appropriate cause-result
relation of technical parameters of structure formingpcpsses with qualitative
characteristics of prepared materials [13]. Fine-foactmaterials with 0-10 mm
fractures have low gas permeability which limits thairtder application without
preliminary preparation. Briquetting of fine graiand finely dispersed materials with
binders is the most universal way of attracting vdidibel, mineral raw components
as well as some anthropogenic wastes not suitablenforediate use in technical
processes and apparatus because of their aggregatenstatecycling. Distinctive
peculiarity of briquetting process is possibility tooguce briquettes from charge
mixture effective for main types of power complex taniMaterials which can be
briquetting and the sphere of their application@esented in table 1. It is necessary to
point out that not only anthropogenic wastes butioaigfine fracture and finely
dispersed raw materials may be briquetted.

Let's consider technological process of coal briquehesduction. “Cold”
briquetting is the most economically profitable andlegically safe method. Having
analyzed operational qualities of briquettes witifedént binders and technology of
their production use we consider the applicatiodiragfo-sulphonite binders the most
economically profitable one. It is useful to analyaes method in more details because
this problem is the weakest one in technology of latiguproduction.
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Table 1.Characteristics of technology and sphere of briquéing application

Sphere of briquettes

Source of raw material Materials being briquetted S
application
Coal production anthropogenjecoal, coal crumb for municipal anéopulation domestic
wastes: domestic needs accordingT®Y |needs.
10.1-33333494-005; Industrial enterprises

- «old» rock spoil heaps (with-coal, gradeK andX for dust-like |boiler houses.
30-40% content of coal crumlburning according toTVY 10.1-

23472138-158; Municipal enterprises
- «tailing dumps» of central |- coal for dust-like burning boiler houses.
concentrating mills; according toIr'YY 10.1-32186934-

003; Rail-road car boilers
- culm. - finely dispersed coal cock duct-

like crumb. Heat power stations

One of the main reasons limiting spheres of applicatibfingo-sulphanates
(LST) as a binding materials is their instable chamstics and low binding ability
while this material is the cheapest, non-scare andgicallly clean of all nomenclature
of binding materials. Works [5, 6, 7] provide waysrorease level of achieved results
allow to speak about development of principally nemdbrs based on LST.

In development of binders intended for technologyadl briquettes production
the highest effectiveness has been observed when umimglex modifiers containing
components action of which has strictly defined fuoai orientation. In the process of
working, one part of the complex initiates and spemalsthe beginning of structure
formation in charge mix while the other one undegya chemical reaction with oligo-
dimensional LST molecules and coal dust particles whésults in creation of tree-
dimensional mesh polymer. Finally, this causes the isered binding ability and
decrease of hardening length and stabilizes bindeactaistics thus allowing to use it
effectively in the given technology.

It was stated that it is advisable to use binding coxgslecombining non-
ionogeneous surface active materials (NISAM) with sonigeral acids. In such cases
we observed binding ability increase from 0.37-0Mila to 2.84-3.00MIla and even
higher, while hardening of developed binder compmsitn combined use of thermal
activation (380-40%C), decreased from 12-15 min, to 1-3 min. Normaldeaing
regime took place at temperature equal to 200°22@ new binding material based on
LST content of which changes depending on coal ktigs configuration and mass has
been developed on presented investigations and offeregbplication.

The given paper may be used at present on the estspof Lugansk and
Donetsk region having large massifs of anthropogerdast®s of coal mines and on
concentrating mills. Expenses, caused by the process igihalr lingo-sulphonate
binders modification, are not significant. The adeges are as follows:

- possibility of quick achievement of required operaél strength;

- charge mixture compositions adaptability to mantufias;

- insignificant power-consumption for speeding up thecess of getting
briquette strength ( temperature control up 220
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Characteristics of briquettes containing binders thase modified LST (LSTm)
made of coke powder have been investigated and sts¢edtable 2). They contain
twice as little binding material as compared withitla@alogues [18, 19, 20].

When developing technology of briquette productiba following tasks are of
priority [13, 21]:

- production of briquette with prescribed charastizsgé meeting client’s
requirements ( suggested technology allows to produbeicmette with prescribed
geometric sizes, configuration and physical charesties);

- briquette component structure which defines its powalue has been
developed with the assistance of coal-mining entergrispecialists and briquette
consumers;

- provision of briquette production and applicateffiectiveness got at expense
of briquette producing installation placement cloasesaurces of wastes generating and
usually located on one and the same site;

- provision of high productivity, low equipment cospinimal number of
servicing personnel.

Table 2.Briquettes quality indices

Consumpf] . . Strength of dried
. on of P Compact| Briquet size briquettes Heat
Composition of carbo bi on )
: . inder . For For resistan
materials mixture , % pressusef Diame- | mass
(LST, m), MPa | ter. mm release| compress| ce %
% ’ 9 % | on, MPa
Coal dust, screenings 4 30 50 g0 94{5 8,53 9,1
Coal dust, screenings 3,8 100 5( 80 97,9 12,02 9 98
Fractured cock briquette 5,5 40 80 275 97,4 8,59 97,1
fines - 100
Fractured cock briquette 5,5 40 80 275 96,8 8,6 94,4
fines - 85; anthracite -
15
Fractured cock briquette 5,5 40 80 275 91,7 4,99 93,4
fines - 70; anthracite -
30
Fractured semi-cock 4,5 30 50 50 95,8 7,18 85,9
screenings - 100

Technology of coal briquettes production includesftllewing process stages:

- delivery of raw material components to the produrcsie;

- raw material components storage;

- raw material components measuring for charge mix patipa;

- preparation of raw material mixture in forced actmixer;

- charge mix transportation to the formation station;

- formation of briquettes on the roller presses;

- transportation of formed production to the dryinghfce;

- drying and achieving strength;

- finished products packaging(when needed);

- transportation to the finished products ware-howsddading to the means of
transportation).
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Technical solutions to selection of configuration o€ls measuring and mixing
equipment providing exact measuring of linked malengithin 1% and allowing to
perform heir mixing regulating stirring intensity thaentrolling maximally possible
rate of charge mix homogenization are well known Bl 0]. High rate of
homogenization favours decrease of binder consumptioh less than by 1.5%
compared to analogue binder consumption when tradititypes of mixing equipment
are used [11, 14]. Decrease of water consumption \whegraring charge mix is usually
provided by introduction of specific chemical addi (types of used additives depend
on a specific briquette structural contents), whidbvetd to decrease the length of heat
exposure on a briquette [12]. Besides, compact teobital scheme of briquettes
drying in continuous furnace aimed at the most effectise of heat-transfer agent heat
value ability has been developed. Developments dfni@ogical schemes of finished
briquettes unloading allowing to bring the briqueteeecumulation at the intermediate
industrial sites to minimum (or to eliminate this stageal§tare known. Instead of it
these developments allow to load finished productsratevay car or motor transport
immediately from a conveyor. Carried procedures geasons to state that at present
there is a small-scale produced industrial equipmedttachnological schemes of its
configuration allowing to process 50 thousand tons & t@usand tons of wastes and
more a year [14, 15, 16, 17].

Different requirements are made to the coal charge auirponents such as:
ability for softening, porosity, flaking off, mechaalcstrength, abrading, restorability
etc. Obtained briquettes should meet requirements spatifics of technological
process of their supposed use as to their raw materiainjchl) contents, size (grain
size) and strength. As briquettes chemical structure sazel are defined prior to
briquetting, one of the most important charactesstof briquette quality and
briquetting technological process in general areciesliof their mechanical strength.
Knowledge of these indices allows to estimate brigee#bility to stand without
destruction certain impact-rubbing, impact and crugti@ds which they will undergo
in operation. These are mechanical strength indices Mwrgely determine their
consumption value, and in general, the possibilityheirtuse at different enterprises
with their specific infrastructure.

On the basis of conducted investigations it was fourtdttmat briquettes in the
process of operation first of all undergo impact loatsirop structures in loading of
bins or other apparatus or in shipping briquettes ttsgmers and in the process of
unloading. Briquettes undergo crushing loads in cé$lkeeir accumulation in bins or in
piles at warehouses and when transported in rail-way ca

When the column height equals ~ 40 m (close to bins maxi height) load to
the lower sample will reach ~ 3,1 kg/eénThe same picture may be observed when
piece materials are in the shaft type metallurgioetaces. For example, it was stated
that even in a high-shaft blast furnace the presstitayers placed higher on the coke
do not exceed 3-5 kgh®. Thus, briquettes destruction is mainly caused by itipads
exposure. To define the impact strength different pathare used. According to these
methods briquettes batches are thrown on a metal plite wb-2 m height. The
strength is defined by input of obtained piece (graldess less than 5, 10 or 25 mm
depending on the briquettes size). Large briquetteaximum size ~100 mm) are
thrown only 1-2 times, small size briquettes (~25-30)mmot less than 4-5 times.
However, in all cases briquettes are considered to theedtrength to throw conditions
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if quantity of small pieces does not exceed 5-10 mdans that large briquettes should
not undergo multiple transshipment and technologicakme of the process should be
consistent with it.

Presently, there is no state normative and techb&sé regulating requirements
to briquettes as an element of power charge mix. iBhahy enterprises producing and
consuming briquettes are forced to develop technioalditions for each concrete
briquette type.

Among obvious advantages of a briquette one may metiteofollowing:

- briquettes have regular and alike predetermineh and fixed weigh;

- they posses higher strength and better transpaortaliiity;

- they posses higher density;

- posses ecological safety due to waste-free charattenaaufacturing and
absence of high temperatures in production;

- different components (culm, slime, filings, husk etoay be used in briquette
in any relationship;

- all types of finely dispersed materials may be usedigqubttes.

MAIN CONCLUSIONS AND RESULTS OF INVESTIGATIONS

On the basis of the abovementioned conclusions abohmaégical possibility
to implement described method of anthropogenic wasteds perspective use for
development of separate regions of Ukraine may bee deith certain degree of
reliability [15], and experience accumulated in thihere may be successfully used on
the enterprises of Poland and Russia.

From technological point of view the following shdue stressed:

- sufficiently high mechanical strength of coal édte, particularly crumbling
1.1%, with the norm equal to not more than 10 % has lstated. Following 20 times
throw down on the cast-iron plate, the main piec8%5of the original weight)
preserved compressive strength at the level 25#g/

- compressive strength equaled 8,7-9,3aMP

- impact strength and attrition meet the claimed meguoénts;

- heat of combustion, Q, kcal/kg - averaged not tess 4000...5346, which
meets the generally accepted norms.

Further introduction of briquetting technology isvasble on the enterprises of
industrial regions of Ukraine (Lugansk, Donetsk regiotts)solve the problem of
accumulated and current wastes utilization, havingimd the following aims:

- to decrease considerably and eliminate pollutioarsfironment with industrial
production wastes within 10-15 years by essential dserefslime fields and different
“burials”, thus clearing vast territories of useful landnd improving ecology of
industrial regions;

- to practice economy of natural and power resounfethe country at the
expense of maximum use of industrial wastes into econtumover;

- to use new ecologically clean and effective bigdimaterials based on products
of vegetation raw materials recycling - lingo-sulpatmmaterials.

From practical point of view, the following shoulé mentioned:

- coal briquettes are new slime material changing ttosome degree;
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- briquettes have regular form and weight, possess higgngth and good
transportation ability;

- briquettes have necessary heat of combustion.

Analysis of data allowed to formulate the task whichyrbe solved in two ways.

On the one hand, recycling and utilization of wasthsir usage as a relatively
cheap raw material for power fuel, increase ofrtiqelity competitiveness, and which
is more important, decrease of finished product casinfiustrial enterprises as well as
for municipal and domestic needs of population. Gndther hand, there is solution of
ecological problem connected with cleaning of regiamere vast anthropogenic wastes
deposits have accumulated as well as utilization ofeotrmwastes accumulations
produced by the abovementioned enterprises. Thus,gcalgroblem of coal mining
regions of Ukraine transforms into the task of pradtaevelopment of anthropogenic
wastes aimed at their inclusion into resource and ppatential of the country.

Such approach allows to solve not only economic arwdogical problems but
social tasks connected with employment of populatiod areation of additional
working places. Existing technologies of coal protucivastes secondary use are not
perfect and claim for further investigations and depment.

CONCLUSIONS

As the result of present investigation a coal brigults been produced with the
use of untraditional binder based on lingo-sulphamadterial for power fuel, that is,
principally new composite charge mix the use of whitdy return industrial wastes as
coal briquettes, and as a raw material having suffiiehigh profitability.

Production of such briquettes will allow essentialmprove technical and
economic indices of enterprise production cost, thuprawing ecological state of
regions.
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NPUMEHEHHUE TEXHOJIOT' MU NIOJYYEHUA KOMINVIEKCHOI'O .
SHEPTETUYECKOI'O TOIIJIUBA U3 OTXOA0B YI'OJIbHBIX IIPEAITIPUATHHA
C IPUMEHEHHUEM HOBBIX CBA3YIOIUX MATEPUAJIOB

IOpuii Ceunopoes, Baagumup Koctpy0o

AHHOTAamUs: B ycnoBusX yXy[quIArom[EHCs 3KOJIOTMYECKOH OOCTAaHOBKM BO3HHKAET HEOOXOIUMOCTh
BTOPHYHON IEPEepabOTKH CBHIPbS M OTXO/OB, B YAaCTHOCTH YrOJBHBIX OTXOJOB M IOJIyYCHHE TOIUIMBHBIX
OpuxeroB. B cTaThe paccMaTpHBaeTCs TEXHOIOTHS MOIYYCHHS KOMIUICKCHBIX SHEPreTHYECKHX OPHKETOB C
HCIIOJIb30BAHUEM B KQYECTBE IKOJIOTMYECKH YMCTOTO CBS3YIOLIEro JIUTHOCYIb(OHATOB.

KiloueBble ¢/10Ba: TOIUIMBHBIA OpHKET, CBA3YIOLUIME MaTepuasbl, TEXHUYECKHE JMIHOCYIb(OHATHI,
JHEpPreTHyYecKas IeHHOCTb.
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CASE-BASED REASONING METHOD FOR DIAGNOSTIC
DECISION SUPPORT SYSTEM OF BRIDGE CRANES

Vitaly Ulshin, Sergey Klimchuk

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The elements of diagnosic system of bridge cramesalysed. The stages in diagnosing faults is
considered. The decomposition of bridge craneddaetrieval and modified case-based reasoningecye
offered. Diagnostic decision support system of dgidranes has been developed.

Keywords: case;ase-based reasoning, diagnosis, bridge cranejalesispport system.

INTRODUCTION

When human beings diagnose systems and troubleshodémpylihey use their
experiences with similar, previously solved problems esttety. Rather than deriving
new solutions from scratch every time a problem is ofesk they prefer to reuse
existing experience and adapt it to the new circunssifil]. As such, diagnosis and
troubleshooting are excellent application areas for tlevelopment of case-based
systems [2-3].

Reusing problem solving experiences to diagnose amdblgshoot new failures
allows one to fix faults much faster and more consisteB8ihce case-based reasoning
(CBR) is a learning process, the system fills the gaptss knowledge over time and
enables companies to retain and share experiences Hwamstire organization. Case-
based diagnostic and troubleshooting applicationslaevery useful for training new,
inexperienced personnel and ensure that the calledthowledge of the experts is
instantaneously accessible to whoever needs it.

CONCEPT OF CBR

In most CBR systems, the case-based reasoning mechanismm hateraal
structure divided into two major parts: the case re¢rieand the case reasoner (fig. 1).
The case retriever’s task is to find the appropriagesan the case base, while the case
reasoner uses the cases retrieved to find a solutitve foréblem description given.
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Case-based reasoning has been formalized for purpbsemputer reasoning as
a fourstep process [4]:

1. Retrieve: Given a target problem, retrieve casm® fmemory that is relevant
for solving it. A case consists of a problem, its solutiand, typically, annotations
about how the solution was derived.

2. Reuse: Map the solution from the previous caséddotarget problem. This
may involve adapting the solution as needed to finehe situation.

3. Revise: Having mapped the previous solution totainget situation, test the
new solution in the real world (or a simulation) aifichecessary, revise.

4. Retain: After the solution has been successfulppted to the target problem,
store the resulting experience as a new case in memory.

These steps are part of the CBR cycle, which represbatprocess-oriented
view of the descriptive framework presented by Aamadd Plaza. The process is
supported by supplying the cases with general knowledigut bridge cranes.

Case base
Case

Normal interactions Possible interaction:

]

Problem Z Derived
—®| Case refriever Case reasoner | —
case solution

Fig. 1. Two major components of a CBR system

ELEMENTS OF A CASE-BASED DIAGNOSIS APPLICATION
Diagnosing and troubleshooting of bridge cranescBlpi involves three stages

[5]:

1. Gathering information about the status of the sygiee., the symptoms, signs
or manifestations of the problem, the specificationd #re current condition of the
system to be diagnosed, and the characteristics of@ting environment);

2. Generating the diagnosis, which describes the aatecof the problem;

3. Suggesting the remedy, or steps necessary to rewdifiault.

Diagnosis and troubleshooting systems can acquire infamnmaegarding the
system to be diagnosed directly from the device (&)}l or through human or
electronic intermediaries (off-line). In the caseanf on-line or condition monitoring
system, the symptoms and system state are derived,withonotinuous user
intervention, from interfaces and sensors monitoringstfetem. In the case of an off-
line diagnostic system, the descriptions of the symptondstlae system are obtained
from a user (e.g., a technician or knowledgeable)userafter a failure is reported,
downloaded electronically. Applications that fallthis category can provide web self-
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service to end-users, support field technicians and mlgoicsonnel, or assist help-desk
personnel while they are conversing with the end-ygers|.

While the process-oriented view provides a global extérnal view of the CBR
process, the task-oriented view [8] decompose and Besthne four top-level steps,
where each step is viewed as a task that the CBR m¥akas to achieve (fig. 2). In the
figure, tasks are named in bold letters, while methodsnaitten in italics. The links
between task nodes appears as plain lines and indieateslecompositions. The top-
level task is problem solving and learning from eigrage and the method to
accomplish this task is case-based reasoning (indidatedpecial way by the stippled
rectangle). The top-level task is split into the fowajor CBR tasks corresponding to the
four processes: retrieve, reuse, revise, and retdinthd four tasks are necessary in
order to perform the top-level task.

Collect

descriptars
Interpret ,
problem Identify features
Infer
descriptors
Follow direct
Indexes Evaluate by
teacher
Search index _ Evaluate [~
Search ; I : Evaluate in real
structure } Retrieve ‘ ] solution worid
Search general === | Revise ‘ S .
knowledge  Evaluate in model
SR Self repair
C_al_cui::)te ¢ ’ Repair fault - — P—.
similarity Initially match 5 : —————— User repair
Explain similarity |
g?ézglect\un ‘ Problem solving and ‘ ) Rerun problem
— & Selett learning from experience Update general
Elaborate — 9 P Integrate P! g
, knowledge
explainations ettt
| Adjust indexes
N Generalise
Copy solution / \ - indexes
e S
Copy solution |~ CORY i ) T Getermine
method | L Reuse [ | Retain | | indexes
Madify'solutian l : : Extract solution
Modify solution Adapt method
method Extract
Extract justifications

Extract solutions

Extract relevant
descriptors

Fig. 2. Task-method decomposition of CBR (adoptethf[5])

Diagnosis and troubleshooting experience can be sioregke-based systems in
multiple ways (Bergmann et al.). The choice of represt®on has an impact on the
maintainability of the system in the long term ane ithteraction modalities the system
supports [9].While structural CBR systems require anfropt effort to create a
vocabulary or domainmodel, they allow individual case be entered without having
an impact on existing cases (Kriegsmann & Barletta, 1@ker & Roth-Berghofer,
1999). Some conversational CBR systems store the guestiod their respective
answers in the cases and do not require a domain rigdain & Walden, 1992). This
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approach allows faster initial deployment, but mainteeaof the application becomes
cumbersome with a growing number or cases. Textual GBRmS use existing text
files as cases and index these to perform retrievalz(L£996; Lenz et al., 1999).
Depending on the complexity of the vocabulary useihtlex the text files, the initial
effort to set up the domainmodel for these systems @morbe comparable with
structural CBR systems [10]. On the other hand, sihey will allow for reuse of
existing documentation, initial set-up of the case hsf is typically very easy.
However, the quality of the content in existing doentation and its suitability for use
in a CBR system needs to be verified.

Diagnosis and troubleshooting systems do not existvaacaum [11]. Typically,
they are provided or utilized in a larger organmatand contain solutions for a specific
system type and for a specific operating environmehtan@es in the system, the
operating environment or the organization will requithe application and the
knowledge containers (cases, vocabulary, similarity o®tadaptation knowledge) to
be maintained [12]. The processes for case acquisittdization and maintenance have
to be put in place in an organization to ensure @pli@ation can be successful in the
long term (Bergmann et al., 2003).

The initial knowledge in a diagnosis and troubleshmptapplication can be
acquired through interviews with experts, or conwkri@mexisting documentation.
Documents that are suitable for conversion includeQBA troubleshooting and
diagnosis manuals, technical service bulletins and itee [L3]. Depending on the
application area, case-based diagnosis and troublespostistems will utilize a
combination of reasoning methods. While some systemoOnliyl use cases to generate
solutions, especially in situations where adapting astiag solution to a new problem
is required, systems will use a combination of CBR amobehbased reasoning
(Simoudis & Miller, 1991; Portinale & Torasso, 1995)ierbased reasoning, induction,
planning, or a mixture of these methods.

REFINING THE CBR CYCLE

Then the system must be able to execute the leartang more or less
independently from its actual tasks. Such a learnimgctfonality is often called
introspective reasoning (Fox and Leake, 1995) owospective learning (Zhang and
Yang, 1999), respectively.

To integrate the desired learning functionality inkee traditional CBR cycle
consisting of the four well-known phases - retrienase, revise, retain - two basic
possibilities can be distinguished [14]:

1. The extension of the existing process model by doicimg an additional
phase.

2. The refinement of one or several phases to integnat new functionality into
the already established phases.

When reviewing the original interpretation of theaditional CBR cycle it
becomes clear that the second possibility seems to be awourate. Aamodt and Plaza
[4] have already discussed that the retain phase coeldised to update general
knowledge of the CBR system. Concerning the upddtsimilarity measures the
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possibility to refine case indexes has been mentiofits can be interpreted, for
example, as an adjustment of feature weights.

Basically, the retain phase is not the only phaseefdBR cycle responsible for
the capability to learn new knowledge [15-17]. Befanemorising a new case, the
correctness of this new knowledge item has to be validdtiring the revise phase. So,
the revise phase has a significant influence whenilggmew case knowledge, because
it selects cases considered to be candidates for ex¢etitinknowledge base. In the
following we show that this holds as well when leagngimilarity measures.

Fig. 3 illustrates how the traditional CBR cycle cha modified to integrate the
possibility to learn similarity measures [18]. These rfiodiions are discussed in more

detail in the following sections.
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? Revisg

T —
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Fig. 3. Refining the CBR cycle for learning simitgrmeasures

EXTENDED USE OF RETRIEVED CASES

In the traditional view of CBR, the retrieve phaseyides one or several cases
used to generate exactly one solution during the rebsese. This solution is then
proposed for solving the current problem and has teysuated during the revise
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phase. However, in many application domains where CGBR been employed

successfully this traditional view is not always suigatiere, it is not desired that the

CBR system generates exactly one solution, but sevedabéendent alternatives for

solving the given problem.

The retrieval phase always should provide a list ifereed cases ordered by the
computed similarities [19]. If case adaptation is sufgabrthis list is processed during
the reuse phase where several solution proposals migfgrneeated by adapting several
retrieved solutions independently from each otheasi@lly, two ways to generate
solution alternatives can be distinguished:

« Ad hoc: If it is feasible with respect to computatibme, the reuse phase might
perform adaptation for a fixed number of cases immelgiatdne resulting list of
solution proposals, still ordered as determined in #tgieval phase, is then
directly passed to the revise phase.

< On demand: If case adaptation is computational expenseinly the most similar
case may be adapted first. The generated solutiorisgassed to the revise phase
where it has to be evaluated. If the evaluatiorsfdiecause the solution cannot be
applied to solve the current problem or due to mmdation quality, two ways for
proceeding are possible. On the one hand, the faoliytion might be repaired
during the revise phase. On the other hand, the rehisse could trigger the
adaptation of the next similar case in anew execudfathe reuse phase to obtain
an alternative solution proposal.

Both approaches lead to the suggestion of several @olatiernatives - when
applying the on demand approach, at least if the siostar case could not be reused
successfully - after the reuse phase [20]. In theiolig we only assume the possible
existence of such a list of suggested solution alteremtout we do not care about the
approach used to generate it. It is only assumed thaticso alternatives are ordered
according to the similarity of the underlying cases.

REFINING THE REVISE PHASE

According to the original process model that assumessttsence of only one
solved case after the reuse phase, the revise phaseecaublivided into two
subsequent tasks [14]:

1. Solution evaluation: In a first step the proposddtsm, i.e. the outcome of
the reuse phase has to be evaluated. This evaluatgin be based on feedback from a
teacher, on the results obtained through applinatiche real world, or on the outcome
of a model-based simulation.

2. Fault repair: When recognising faults in the swstgg solution during
evaluation, the solution has to be repaired to otdarmlid solution. Basically, it might
be repaired manually by the user or it might be mepaby the system based on
additional general knowledge.

To enable a CBR system to learn similarity measures ojgoge a refinement of
the revise phase. Besides the two described traditiask$ that ensure the generation
of a valid solution, we introduce two additionalka$21]:
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1. Evaluate retrieval ranking: This task can be ditaressed as a superior control
process for the common solution evaluation task. liait@$ the evaluation of several
solution alternatives and processes the obtained emaluasults. The foundation of
the evaluation might be internal general knowledgan external performance measure
in form of a teacher, the real world, or a model.

2. Store case utility: This task is responsible for stpthe results of the retrieval
ranking evaluation for further processing. Basicalhgse results represent knowledge
about the utility of cases with respect to the giveary.

Generally, one could also argue that storing of eatada results belongs more to
the retain phase of the CBR cycle. However, we @egtid assign this task to the revise
phase. On the one hand, the decision whether to géotieular results or not might be
influenced by the performance measure, for exanipleg human teacher. On the other
hand, the retained knowledge is not directly usedhieyphases of the CBR cycle that
are relevant for problem-solving. It is more an intediate knowledge buffer that
collects knowledge to be used only during the rephiase and thus it does not directly
contribute to solving problems.

Basically, the refined revise phase consists of two lgdu@locesses. On the one
hand, the traditional revision process that only eatalsi and repairs a single solution.
On the other hand, a parallel process that evaluh&esutcome of the retrieval phase
based on the results obtained during several solutialu&ions. While the evaluation
of the retrieval ranking relies on the solution ewatilon process, the traditional revision
of a single solution can be initiated independertlyis means, the retrieval evaluation
can be interpreted as an optional process to be petbif desired.

REFINING THE RETAIN PHASE

The aim of the retain phase is to select knowledgiiesnto be integrated into
the knowledge resources of the CBR system in ordempydve its problem-solving
competence and/or efficiency during future usagerdfore, the traditional retain phase
identifies the following three tasks:

1. Extract: This task is responsible for the extractidnrelevant knowledge
entities from the current problem-solving episode ¢ordétained for future usage. Such
knowledge entities might be represented by found isoisit solution methods,
justifications, etc.

2. Index: The objective of this task is to determindexes to be used for
retrieving the learned case. This may be interpretedhe selection of an accurate
vocabulary used to characterise the case but it mitga be interpreted as the
determination of accurate attribute weights.

3. Integrate: During the final task the extractedwledge has to be integrated
into the knowledge base of the system. This processtmaghprehend an update of the
case base, the index structure, and of other geneoall&dge.

Although this traditional interpretation of the aigt phase, in principle, already
considers the modification of general knowledge anehean adjustment of attribute
weights, it seems to be necessary to introduce twoiadditasks [14]:
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1. Evaluate similarity measure: Here, the quality @f ¢arrently used similarity
measure is estimated based on the case utility knoe/ladguired in the previous revise
phase.

2. Optimise similarity measure: This task can be seea specialisation of the
index and integrate task of the traditional retphlmase but with focus on learning
similarity measures. During this task, machine learngrgoptimisation methods,
respectively, are being used to optimise the currenilegity measure regarding the
available case utility knowledge. This optimisation ntigh triggered by the outcome
of the prior evaluation of the current similarity mees

Similar to the refined revise phase, the tasks addilip introduced in the
refined retain phase have not necessarily to be eéegduring every pass of the cycle.
Instead, in certain application scenarios all descrigdnsions of the traditional CBR
cycle might only be relevant during explicit knowdgd acquisition or maintenance
phases [22]. For example, if the performance measusapplied by a human domain
expert playing the role of a teacher, the refinedsion phase can only be executed in
situations where this expert is available. During probsolving situations where the
system is used by a “standard user” who does not possessqtlieed expertise, the
introduced retrieval ranking evaluation might bepgled.

CBR SYSTEM FOR DIAGNOSIS OF BRIDGE CRANES

The bridge cranes diagnosis DSS has been delevopedndihewindow of this
system is shown on a fig. 4. As an initial set of casesl&& of observations of bridge
cranes made by the reports of technical diagnostidse "Engineering center of
industrial safety" LLC (Lugansk, Ukraine) and Expeiagnostic research laboratory
"Lifting machines and industrial building" of Volodymyal East-Ukrainian National
University (Lugansk, Ukraine) is used.

D55 on gt of brkdge crames

Dwtacton Curvitors

[na [ s W |sars 0 nm 75

_ CEREEE®

Fig. 4. The CBR DSS main window
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The DSS allows to set the local similarity for everggtiostic parameter, weight
of parameters and global similarity for a whole casiéer setting of all necessary of
similarity parameters the search of cases and theirwsioal are carried out in order of
diminishing of relevance with pointing of degreesahilarity of every case is made.

Since a corresponding case is selected, its adaptationbe executed is
modification of present in it decision with the puspoof its accordance to the
parameters of current situation. In the case of absehagecessity for adaptation
maintenance of the chosen case is executed withoutclizmge of diagnostic
parameters.

CONCLUSION

The research described above, along with many otheratipnal case-based
diagnostic systems, demonstrate the applicability eé-dmsed reasoning to diagnosis
and troubleshooting of bridge cranes.

The conducted research show that diagnostics on the bhsiases allows to
decide the weak formalized tasks of diagnostics ofgerictanes, simplify the aquisition
knowledge from experts, shorten time of search ofsitatiand implement self-training.

The bridge cranes diagnosis decision support systetavisloped. Using of this
DSS assists diminishing of the informative loading @tision-making person in the
process of troubleshooting, decline of influence ofdes of subjectivity at the analysis
of current situation, reduction of time, necessaryafdecision-making.
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METOA AMATHOCTUKH KPAHOB
MOCTOBOI'O TUIIA HA OCHOBE IPEHEJEHTOB
JJIA CUCTEMBI TIOAAEPKKHU TPUHATHUSA PEINIEHUA

Yiabmun B A, Kinmuyk C.A.

AnHoTtanus. IlpoaHanu3upoBaHBI 3JIEMEHTHI CHCTEMBI TEXHHYECKOH JHArHOCTUKH MOCTOBBIX KpPaHOB.
PaccMoTpeHsBI dTambl JUarHOCTHKU HeucrpaBHOcTell. IIpemnoxena AeKOMIO3HIUS MOMCKAa HEHUCIPaBHOCTEH
MOCTOBBIX KPaHOB M MOAM(MHUUMPOBAHHBIA LMK BbIBOJA Ha OCHOBE mpeueneHToB. Paspaborana CIIITP
JMarHOCTHPOBAHUSI MOCTOBBIX KPAaHOB.

KiroueBble ¢J10Ba: NpeleieHT, paccykeHHE Ha OCHOBE MPELE/ICHTOB, IMarHOCTUKA, KPAaH MOCTOBOTO THIIA,
cHCTeMa MOAJEPKKU IPHHATHS pelIeHUI.



TEKA Kom. Mot. i Energ. Roln. — OL PAN, 2011, 11A, 27&-28

AUTOMATED MANAGEMENT BY DESIGNER PREPARATION
OF PRODUCTION OF ELECTRONIC VEHICLES

Vitalij Ulshin, Victoria Smoliy

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. A case frame by designer preparation of produatioelectronic vehicles is offered in the article.
The corteges of managing influences generate bynétbod of group account of argument for achievémen
of the proper index of efficiency of managemenglgsis of hierarchies estimated by a method.

Key words: friction modifier, slip velocity, pneutimadrive, friction coefficient

INTRODUCTION

For the decision of task of development of the systérsupport of decision-
making designer preparation of production of eled¢treehicles taking into account an
application, properties and arrangement of produ@biects domain it is necessary to
select the groups of influences on the object of mameent, to make their classification
and to select from them parameters the states and mgnafiuences. On the basis of
managing influences it is necessary to synthesize rdmaef model of knowledge’s
representation and to develop the structure of teesyof support of decision-making,
able to realize the stopped algorithms up. There istaimmportant task also research
of efficiency of the use of the offered system of supwf decision-making [2]. On
results the similar sort of correction it is necessarywitch and eliminate the
managements uninvolved in corteges influencing factorslefine the constituents of
management corteges directly, to provide the concoelarf the last with optimum
parameters and arrangement of producible objects [4].

OBJECTS AND PROBLEMS

Development of the system of support of decision-makimglies classification
of parameters of the state, external indignation maghaging influences for the same
object, but on different stages (constructing of bjoakhievement of the required
resonance stability, preparation of production [3] ather), it is therefore necessary by
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means of statistical tests to classify these influencegetatify dependences and to
select managing influences with the purpose of detetioim of instruments of
influence on interesting parameters and arrangenieritject of designer preparation of
production. On the basis of the identified managelisfafences it is necessary to form
the system of support of decision-making and to estintsitgtability and efficiency of
application [5, 17].

Direction-finding designer preparation of produantiproblems consist in that
probability of task of one or another type of managginfluence is different for the
electronic vehicles of different purpose and exteeralironments, that in the turn is
determined by the specific of arrangement, to the ywed requirements and,
consequently, by the different methods of achieveroérnbe required properties [6].
For each of the considered types of electronic vebidbkes place the value of
coefficients of meaningfulness of managing influen€erther on the set of types of
managing influences and the database of coefficientseahingfulness of each of them
must define the criterion of quality of management bgsigher preparation of
production of electronic vehicle directly (managemefficiency) [9, 11]. At the hit of
the got value in the application domain of the exsdi automated management by
designer preparation of production of electronic icleh the transmission to the
statement (working forms of the developed system of stpgadecision-making) of
sequence and maintenance of managing influences iedcaut on the optimized
parameters, arrangement and properties of objectsijrier preparation of production,
certain by the criteria of arrangement and optimizgdhe method of group account of
argument.

Analyzing statistical selections, we get, that for tiowal dependence of
criterion of quality of management by designer prefi@maof production of electronic
vehicles characteristically presence of selection filoenN supervisions

{x(2):v (0}

(x@:v(2} o

- {X(N); Y(N)} .
where : X()=(%, X2, ... X,) - values of initial factors at i - supervision; Y{{y, y2,
... Y) - values of out parameter i - supervision.

Functional dependence of F between entrances X(@ lay the out Y(i)
parameters of case frame unknown, thus unknown neidmeEndence nor supposed its
kind.

Therefore in accordance with the method of groupoant of argument, most
complete dependence between the entrances X(i)edmdhs of Y(i) can be represented
by the generalized polynomial of Kolmogorova — Gabd].

N N N
Y=g+ alx+3 > gOxOx+> 3> @ Dhxxgxt... . @

i=1 i=1isj i=lig ks
where g; - unknown coefficients.
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At construction of model, for determination of vauef coefficients, as a
criterion the criterion of regularity is used (exadses):

?ﬁaé(yi—f(x))z- 3)

It is thus necessary to find such values of parametersoalel ofg; in (3), at
which

£ - min. (4)
Principle of multiplicity of models for the examinedse consists in that exists
great number of models on this selection, providingeing error (it is enough to
promote the degree of model polynomial). That ifriesent the N sites of interpolation,
it is possible to build whole family of models, each wliich at passing through
experimental points will give a zeroing error

£2=0. (%)

At a different noises level dependene_é will change on complication of S,
saving here a general orientation l.e. it at firstl vdiminish with growth of

complication, and then - to increase. At the increzfseoises level a sizening? will
S

grow.

Exceptional situations at functioning of the examirgdtem of support of
decision-making are related to the possible «fall»emlssity of application of identical
managers of influences for production of different eal§, but treatment such
exceptional situations is taken to extraction from tlaabase of different scales of
meaningfulness of choice of type of influence, it isréiore impossible to get identical
results at identical managing influences [7, 12]. Amite versa, different sets of
managing influences for different electronic vehickfter treatment in the offered
system of support of decision-making give, within lihgts of the set exactness, unique
value of efficiency of management by designer preparaif production of electronic
vehicle [8, 18].

Teaching of the developed system of support of dmeisiaking designer
preparation of production of electronic vehicles iseaited in order that after
determination of efficiency of management by desigmeparation of production of
electronic vehicle of the explored classificationugrpthe developed system offered the
optimum scenario of achievement of properties, parasieaerangement, vibration and
resonance stability of electronic vehicle [10, 13k neuron perseptron, the neurons of
which have an activating function as a single jungmes forward as the structure of
the developed system of support of decision-making desigreparation of production
of electronic vehicles [13].

On thirty one entrance of neuron network entrancgsas$ [15], acting further
on synaps on six neurons which form an unique lages,given. On the returns of
network signals are formed:

YF“(Z:XD’K]' ©)

where:j = 1...6 - amount of classes of electronic vehicfesfunction of activatingy; -
component of vector of managing influences;- synapses weight.
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Process what is going on in a neuron network, in aixni@rm looks like:
Y =F(XW), ™)
where: X, Y - accordingly entrance and output vectoFgS) - activating function
applied memberwise to the components of veSt&W - synaps Matrix.

For teaching of neuron network a teaching algorithas applied with a teacher
[16]. As a result of functioning of designing softearpackage were got following
synapses weight of neuron network of the developetesy of support of decision-
making, resulted in tabl. 1.

Table 1.Synapses weight for neuron network

Object 1 Object 2 Object 3 Object 4 Object 5 Obfect

Wy = Wi = W33 = Woy = Wss = Wsg =

5.943*10° 2.878*10° 4.683*10? 4.953*10° 5.558*10° 6.843*10°
Wsp = W3p = Wi33 = Woy = Wgs = Wes =

9.138*10° 7.348*10° 4.822*10? 6.394*10° 2.033*10° 2.556*10°
Wg1 = Wi02 = Wi63 = Wi74 = Wgs = Wi16 =

8.151*10° 5.263*10° 0.223*10° 6.904*10° 3.904*10° 3.943*102
Wi01= Wi12= W13 = Wigs = W45 = Wi26 =

1.81*102 2.843*10° 1.242*10? 6.394*102 8.037*10° 2.374*102
W01 = Wig2 = W304 = Wis5 = Wise =

9.66*10° 9.239*10° 3.230*10° 5.035*10° 5.495*10°

W10 = Waos5 = W16 =

3.092*10° 6.753*10° 7.823*10°
W242 = W235 =

6.932*10° 2.645*10%
Wo72 = Wags =

5.633*10° 0.549*10°
Wogo = Wags =

9.293*10° 3.934*10°

Testing of the trained network was conducted on &ections not intersecting
with teaching. Tests selections were built for eactypés of electronic vehicles.

Thus, teaching of the system of support of decision-ngaéegsigner preparation
of production of electronic vehicles was made, testing preliminary approbation of
application of the developed system is made in desigreparation of production of
electronic vehicles.

As a result of teaching of the developed system of stipadecision-making
designer preparation of production of electronicielels the list of recommendations on
the management by arrangement of electronic vehiclprasluced, providing the
optimum scenarios of achievement of necessary propepigameters, arrangement,
vibration and resonance stability of electronic vihic
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CONCLUSIONS

Thus, scientific and technical the issue of the daynofease of efficiency of
management by designer preparation of productioneafreinic vehicles is decided by
development of the system of support of decision-mgkarrangement of electronic
vehicle, operative management by designer preparafiproduction and control by the
resources of enterprise system allowing to reduce egpeasd prime price of pre-
production model of electronic vehicle, functioniing single informative space; to
reduce the terms of release of new electronic vehitdegromote the competitiveness
of enterprise at upgrading electronic vehicles, bdiig, vibration and resonance
stability.
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ABTOMATU3HUPOBAHHOE YIIPABJJEHUE KOHCTPYKTOPCKOM
MOATOTOBKOM IMMPONU3BOJACTBA JEKTPOHHBIX AIIIIAPATOB

Buranuii Yabsmus, Bukropusa Cmonnii

AnHoTanus. B paGore 0OOCHOBEIBAaeTCS U MPEIAaraeTcs MOJENb YIPAaBICHHUS KOHCTPYKTOPCKOU
MOATOTOBKOM IPOM3BOJACTBA DICKTPOHHBIX AaIllapaToB, ONHUPAIONIAsCS HAa HCCIECAOBAHUE CAUHOIO
MHGOPMAILMOHHOTO MPOCTPAHCTBA MOATOTOBKH IIPOU3BOJICTBA, ONEPATHBHOIO YNPABIEHHUS NPEINPUATHEM U
pecypcaMu IpeANpHSTHS, KOTOpasi IO3BOJISET HCCIIE0BaTh (P (HEKTHBHOCTH MPOIecca yIpaBICHHS.

KiroueBble crnoBa: ynpaBieHHE, KOHCTPYKTOPCKas IOATOTOBKA IPOM3BOACTBA, OSJIEKTPOHHBIN anmapart,
3((EKTHBHOCTD  yHpaBiIeHHs, €AMHOE HH(OPMALMOHHOEC IPOCTPAHCTBO, OIEPATHBHOE YIPABJICHHE,
yIIpaBJICHHE PECYPCaMH IIPEIIPHATUSL
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IMPROVING THE STABILITY OF ROTATION RING ROTOR
WITHOUT MECHANICAL SUPPORTS

Sergey Yeroshin, Sergey Miroshnik

Volodymyr Dahl East-Ukrainian National Universityigansk, Ukraine

Summary. The ways to improve the stability of rotation ofthotor ring without mechanical bearings by
using no radial groove disk stator induction matoe developed. Considered three designs of slotheof
stator: inclined, combined and break. Method fompensation of the errors of manufacturing of the
structural components of the electric machine éppsed.

Keywords: synergy, rotor, stabilizing force, destabilizirayde.

INTRODUCTION

Currently, there are many devices and machines tina¢ kvorking units in the
form of the flat ring, rotating around the axis ghsmetry. Examples might serve gyros
rotors, working wheels of dynamic pumps and circular ssaw the processable
machines. Traditionally, ring-working body set in taia, held in a space and accepts a
payload and the resistance through spindle hub or. Shadt shaft receives the rotation
from a separate electric motor and, in most casesjghran intermediate gear.

Reserve for increasing the efficiency of such machim@ssynergetic association
working body functions and secondary elements of thetétal machines, such as a
disk induction motor (DIM) [4, 7]. This principle igalized by transferring torque to
the rotor and held it in space by magnetic force thtdtes. In that case mechanical
connection completely exclude from the energy valuain. The basic idea of creating
machines with direct drive without mechanical hegsidescribed in the works [16, 2, 15].

In [15, 17] found that the stability of rotor rotari takes place at the vanishing of
the tangential component of the main vector ofdsrd.e. F, =0. It was shown that

this condition is achieved by changing in wide raggemetrical parameters of DIM
and magnetic induction in the working gap. Howevershould be noted that if the
angle of elementary electromagnetic fordé along the groove does not change (for
example, groove performed on a Archimedes spiral), [48H providedF, =0, the
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stabilizing radial forceF, equals zero. At the same time rotor will be in aestait

indifferent equilibrium, and therefore wouldn't retsexternal radial forces.
The condition of stationary work of the device whishdeveloped on the basis of
DIM is the creation of such a system of forces in what shift of the rotor from the

center should not result to the emergence of dédigialyi force I?T and caused only a
stabilizing forcel?r that returns it to the center [17, 18].
This condition can be achieved if the law of chaagjéorce F, along the radius

does not coincide with the law of change of the éoE. In this case, angle of
inclination of stator slotgy must functionally depend on the radius, that in galner
reached by production of a curved groove, elimirptire Archimedean spiral.

As was shown in [17, 18], that at a biasof the rotor into the engine working
area formed the outer and inner asymmetric areas,canttal area, that has axial
symmetry. The width of the outer areagg, and the inner ez . The central part of the
DIM working zone only involved in the creation @irgue M ,,, and does not affect on
the stability of the rotor. Stability of the last erdepends on the value and the
correlation of forcesk, and F,, which greatly simplifies the problem, since it scé
fulfillment of the conditionF, =0 only in the peripheral regions.

The purpose of this study is to develop ways to endwgestable rotation of the
rotor ring without mechanical bearings. In acting tbe rotor of technological load,
which shifts its center of mass, the rotor must, by me&etectromagnetic forces resist
this load, and when removing it - to return to eitpuilim.

Below we consider the constructive variants of DIMyding stable rotation of
the rotor.

APPLICATION OF AN INCLINED SLOT OF STATOR

Great influence on the stability provided the anglehat determines the slope of
the normal of stator slots in DIM in relation to trelius. In [13, 9, 14] showed that for
the inclined slots the main vector has a radialand tangentiaF, components.

Assume that the three-phase stator winding [13, 5wBich has an outeR.
and inner Ry radiuses, formed by straight grooves, the directiowloith does not

coincide with the directions of the radiuses [19].Fig. 1 groove within the working
area created by the rotor with intermgh, and externalRpg radiuses and the stator,
has a lengttBC, and the4C - the axis of the groove. We assume that the magnetic
induction, which operates along the groove, is peenaB, = Bg = B =const).The
grooveBC at different points makes with the radius vectofedént angles and at the
ends taking specific valueg/ and g at that ¢, #g. Moreover, from Fig. 1
follows that¢g <y, . Tangential component of the electromagnetic faiEg, on the

outer contour of the rotor is greater than the foi€g acting on the internal circuit.
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Fig. 1. The scheme of constructing of stator slot

Fulfilment of the conditions F, =0 is possible under R.y =Rpy and
Reg — Reg > €[17]. In this case, for the external and the interastas following
relation holdgg =2e, =2e, then the condition of stabilization is presentedttie
following form [18, 19]:

singy, =2adsingg, 1)
where: @y = Rpg/Rey -
Since the grooveBC on the stator are symmetrical center, the axiswill have
one point near the center. These points lie on &eatalled base circle.

Axis of slotsAC are tangents to this circle. In this case, thereabways right-
angled triangleglOAC and4OAB, built on a common ledr, , of which we find:

R = Row/(4ag ~/(4ag -1 @
Condition of zero destabilizing force, is not runnfiog any size ratio of the rotor
and of stator. From (2) follows that iR, =0 it a, 2]/\/5 Suppose thd®, = Rz,
thena, =1. So to ensure a steady rotation whgn= B,; the parameterr, should be
chosen within thel/\/i <a,<l.

APPLICATION OF THE COMBINED SLOT OF STATOR

Electromagnetic forces acting on the rotor, diregiethendicular to the groove.
If the groove is oblique, these forces have the tamjerdl?, and radial dl?r
components [9]. In [18] showed that at a bias of titerrinto the working area of the

electric motor axially symmetric and two asymmetriescent-shaped areas are formed.
In axisymmetric areas sum of the projections of theteenagnetic forces on the
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coordinate axes is zero, and therefal€, create only torqueM,,, and dF, is
counterbalanced. [18, 12, 11]. With increasing arglénclination of the groovedlEr
decreases, which leads to a decrease olvipe.

If in the peripheral areas provide, =0 and F, # 0 the rotor rotates stably. To

do this slots near the external and internal contolutiseostator must be tilted relatively
to the radius. Thus, the groove is combined of thaaéspThe design of the groove is
illustrated by pattern in Fig. 2

The groove is marked by a broken lidBCD. Part of the grooveAB (located

between the circleR.g and R;), as well as partCD CD (located between the
circles R, and Ryy ) run at an angle to the radius. The purpose of liyges- the

creation of a stabilizing forcd~ . The central part of the groovBD creates only
torque.

Fig. 2. Scheme of the combined slot of stator

Because of the small magnitude of the skifassume that angleg,, and ¢
have constant value. In such case By = Bg = B =const, the conditionF, =0 will
correspond to (1)

APPLICATION OF A BROKEN SLOT OF STATOR

Fig. 2 shows that the increase of inclination angjesve ¢,;, and combined
groove g leads to an increase of the momevif, [12]. Wheny =g =90°, the
moment M, takes its maximum value, but the forée =0. The forceF, increases
with decreasingyy, or increasingyyg [18]. Consequently, for the simultaneous growth
of the M,, and F, itis necessary to increase the angile.
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Consider the extreme case when the angleis equal to its maximum value
90° and ¢, <90°. This groove is called the broken one, its scheme iashio Fig. 3
[20].

=

Fig. 3. Arrangement of a broken groove

Circle R: divides the stator with an outer radii®,; and inner radiuR-g in
two regions: the outer bounded by the circkRs; and R-, and the inner one defined
by the radiuses}. and R.g. RadiusRy, =Ry and Roy —R- =e.

Radial part of the grooveAB is the source of the tangential forcdg,B, and
creates only a torque. Part of the inclined of tteogeBC , located in the outer areas of
stator forms a forcede . Their tangential projectiorujl?zH increases the moment on
the rotor of the motor and the radial projectilé_,rg| provides stabilization of the rotor in
radial direction.

The main condition for the stabilization of the moi® the implementation of the
equation (1). Whewyg = 90° equality (1) will be:

singy, =2aé. €)

The angle of the groove and the dimensions of the ertd stator can be chosen

from the condition0<ay, <]/\/E Consequently, the use of broken groove ensures

stable rotation of rotors larger area than with the previously discussed methods,
ceteris paribus increases the torque.

COMPENSATION OF ERRORS BY UNEVEN DISTRIBUTION
OF MAGNETIC INDUCTION IN THE WORKING GAP

Discussed above methods of creating stable circulatiaotaf the rotor are based
on strict observance of geometry DIM. Since in thedpction always have place the
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size errors [8, 3], the real fulfillment of the cotoln F, =0 is problematic. Therefore,

the DIM should be possible to compensate for inaccesaai the parameters affecting
the stability of the rotor. In similar cases in machamg instrument manufacture used
movable and regulated compensators.

Compensation of errors of geometrical parameters lmanaccomplished by
abandoning conditior®B = const. In contrast to the geometric dimensions the magnetic
induction can be regulated in the final produdt. vlue can be changed, both due to
electrical and mechanical parameters, such as cl@rnbe current in the respective
windings, or by changing the value of the working ¢&, 1].

Let the magnetic induction in the internal circd; is not equal to stator

magnetic induction in the external circuy, .When Ry = Ry and Rog — Rog > e the
condition of asymptotic stabilityK, = 0) takes the form [18]:

BA R3, singy, = 2BEREg singg . (4)
Thus, the left side of the equality (8) can alwayaligned with the right one, by
adjusting the magnetic induction on the external ém on the internal circuits of
stator.
One way of changing the distribution of magneticuictibn in the working area
of the electric motor is to use magnetic core locatest the internal area of stator. The
working gap determines the magnetic inductgn

By changing size of working gap can be offset noydhé error performance of
the radial dimensions of the rotor and stator, bst,ahccording to (8), inaccuracies in
the slope of the grooves, # (g .

CONCLUSIONS

1. Analyzed the influence of the slope of slots in DIM&tar on the stability of
rotation of the rotor without mechanical supportsib8ity of rotation is increased when
the stators with sloping slots. Determined the conditiemder which a stabilizing force
F, takes the maximum value.

2. Proved that the presence of the radial section oftbeve in the central region
of the stators increases the torque on the rotor ofrth®r and does not affect on its
stability. Sloping groove sections provide a preserice siabilizing force, and are also
involved in the creation of the moment.

3. Proved that eliminate influence of an error of protiibn in DIM on the
stability of the rotor can be achieved by changimg magnetic induction on internal or
external contour of stator®Vhy is proposed motor design with an adjustable magneti
core in which the distribution of magnetic inductigiven by the radial dimensions of
the magnetic circuit and the magnitude of the waylgap.
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OPERATING MODES POWER SUPPLY MOTOR-FAN
ON DIESEL LOCOMOTIVES FROM TRACTION
SYNCHRONOUS GENERATOR

Olexsander Zakharchuk, Igor Bukhtiyarov

Volodymyr Dal East-Ukrainian National Universityugiansk, Ukraine

Summary. The analysis of the power modes of asynchronousmfans traction from the synchronous
generator, which working the locomotive in service.

Keywords: asynchronous motor fans, synchronous generatomiative.

INTRODUCTION

On diesel locomotives type 2TE116 power asynchromoawor fan (AMF) of
cooling devices is carried out by the traction ofyachironous generator (TSG), which
is also a load of traction rectifier unit (RU) ane tinaction motors (TD). TSG voltage at
each position of the controller driver varies depegdon the current generator
according to the external characteristics of TSGUH[Rakharchuk 1998]. Current TSG
is determined by the profile path, weight, train speduls, the condition of the train
eventually determine the voltage and frequency enstlator AMF. Fig. 1 shows the
range of values of phase voltage, TSGI'C-501A of the frequencyt (abcd) and

the voltageml required for the optimal values of efficiency asymous drive with
ventilatory load, according to law /U, =(f/f,)?.

OBJECT OF RESEARCH

Objects of researching assynchronous motor-fans installed on cooling devices
the locomotive 2TE116, with changing phase voltagd &equency of the traction
generator.
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PURPOSE OF RESEARCH

The purpose of research was to determine the relaimnbetween the outer and
the rated power of asynchronous motor-fan in opggatiodes. Objects of study are.
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Fig. 1. Range of phase voltagk, of the traction generat®iC-501A (a, b, c, d)
of the frequencys : 1 - of the frequency optimal law of supply for the AMF
2 — average operational valutalap

RESULTS OF RESEARCH

Experience in operating diesel-powered 2TE116 AMIITSG proves that if a
motor with fan load stands at bench trial power mangsesponding to points andc
(fig. 1), the electric reliability in operation ensured. In this case, to ensure efficiency
in the AMF point 10 requires an unsaturated magnetgtem in the rated mode
( f, =100Hz, U, =400V ), induction in the air gap must not exceed 0.65 TeBta

validate AMB atb to inflate the bounding power of conventional skartuited AMF
1.5 times. Hence the linear current load in thedratde should be selected in 1.5
times less. With the overall power of serial motor-faiF37 equal to 37 kW on the
locomotive 2TE116 allowable load on the shaft &daspeed 24 kW, i.e., at 1.54 times
smaller.

Fig. 2 shows the histogram of power modes serial AMEhéoperation of the
locomotive 2TE116Ve 400 in the South-Eastern Railway (depo registrys}ieithin 60
hours (phase voltage, frequency, power).

According to the results of operational tests are coastd average operational
values of phase voltage at the AMF (fig. 1, line 2)d ahistograms of frequency
distribution voltage (fig. 3 a) and relative powet, = B, / B, in the fan shaft (fig. 3, b).

According to the analysis of operating conditions povMF (fig. 1-3) are defined
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average operational values of supply frequerfgy, = 60Hz, voltage U ,,, =110V,

power at the shaft motor-fa®', = 032P,, , which suggests that the AMF work with
power mode and significantly below rated loafd €100Hz,U, =230V ).

When TD powered from the TSG via the RU voltage euthe supply AMF
differs significantly from the sinusoid, which results the appearance of higher
harmonics in the voltage curve TSG [Kolesnik 1978].

Determine the impact of higher voltage harmonics enctmaracteristics of TSG
AMF in operating conditions of the locomotive. Thispossible only after analysis of
all possible modes of operation RU.

Fig. 2. Histogram of power modes
AMF in the operation of the locomotive 2TE116

In the six-phase system of TSG- RU work gates ea@ethhase rectifier bridge
is determined by the same laws as in the work of arpentent bridge.

Consider the operation of the rectifier load as a Sdbial excitation with the
inductive reactance comprising inductances of arreatinding, extension and the
main poles, which are assumed to be infinitely large.

There are three basic modes of operation of the éridgtifier, which are
characterized by different values of switching asglad delays.

Table 1 shows: the rectified voltagdd, from the e.m.f. phase

E, =U, +j0,X, rectified current I ; and switching reactancX ; switching angles

y and delaya of Ep, 14, X.
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Fig. 3. Histograms of the distributioelative powerP’, and frequencyf
AMF power, which operating the locomotive 2TE116

Expression table 1 on the external characteristicigo4 define the modes of

TSG-RU-TD for locomotive 2TE116. From fig. 4 that in opgoa the predominant
mode of operation is the first RU; < =4320A in the y <50°, the second mode is
possible only briefly to disperse the train.

Phase power supply for TSG AME, =U /24 [Tolstov 1983].

Table 1.Basic dependence characterizing the modes of op&om
rectifier in the TSG -RU-TD

Formulas external 'L
Modes of the | characteristics and attitudeg '€ formulas for the angles aid
rectifier U, switching delay
—:f(y,a') y,a:¢(ld,Ep)
Ep
The first mode Ug = 234[E, - 095501 [X; 0818[14 [ X
<60° cosy=1-——"—
y= Uy 1+cosy Ep
E, 2
The second modsé = — .
)= 60° Ug = 412(E; - 27415X"; sin(y—30°)=1.41|dED< -1
p
0<a <30 Ya = 20d1-sin(y-30°)]
P2 p
Third mode U, = 405(E, - 2870, [X; .
a = 30° d P d sin(y-30°) = 1.41% -1
60 <y<120 |Yd= 2041-sin(y-30)] P
P3 Ep
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Fig. 4. Modes of TSG-RU-TD: 1 — limitation on chiaig

In the voltage curve TSG working on a symmetricaldloao harmonics are
multiples of three [Kostenko 1973]. Also, do not comthigher harmonics of even
order, because TSG voltage curve is symmetric abeltdhizontal axis.

Determination of the 5-th and 7-th harmonics fortagé TSG possible by the
Chebyshev method.

Results of the analysis of higher harmonic 5-th &l order are shown in fig. 5,
which implies that the operation gt<50° 5-th and 7-th harmonic voltage TSG does

not exceed 20, and 10% (respectively) the first haimo
AMF is calculated, as we know, a certain amounthef tated voltage at rated
frequency. Are determined by the rated currentdih@ensions and parameters of AMF.
When connected to a machine sinusoidal voltage ofhitgacteristics with sufficient
accuracy are consistent with the calculation. Norsidal voltage at each of
harmonics has to AMF its influence in accordance wghamplitude, a frequency of
and the corresponding parameters of the AMF.
Determine the influence of higher harmonic voltagethe parameters of AMF
Electromagnetic moment from the higher voltage haiosodefined with respect
to the rated point:
Ile — K\? KlS
M, V' vl
where: K, — coefficient characterizing the content of-th harmonic voltage is
determined forv = 5,7 AMF of fig. 5, K, — the multiplicity of starting moment AMF.

1)
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From (1) it follows that with increasing harmonic erds, generated moment is
significantly reduced under other equal conditions.

r.u. VA
%
02 5
/ Vi
Vi
a1 — L
__.-1___/;
gr Y
1 20 30 %0 o

Fig. 5. The dependence of the harmonic 5-th artdatder voltage TSG from
angle commutation RU

The ratio of total losses in the steBl P, to losses in the steel from the first
harmonicP,,

~

pZPilg, Vs (Kg’(_j @

TRy V=V, =57 v
The ratio of losses in the stator windind3P,, and rotor)_ P, in relation to the

losses of the first harmonic of AMF, when powered namsiidal voltage:

el

_ ZP K2
Pg ==—==1+ 3 —5 3)
L v=57.. V'
Pl y K @
= P v=57.V'WVvEl

From the expressions (2) - (4) it follows that losseshen AMF significantly
decreases are in increasing order harmonics underexghat conditions.

If you do not take into account the effect of thegmetization loop, the power
factor of AMF for the higher harmonics [Kostenko 397

n+—=

cosg, = Vil . (5)
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This formula shows that theos¢ is very low, i.e. currents produced by the
higher voltage harmonics are almost purely inductt@respondingly, one can assume
that the influence of higher harmonic voltages on AMvhich powered by TSG is
equivalent to an increase in the inductaneesand x, with all its consequences - a
decrease incos¢, 7 and M. Moreover, the influence of non-sinusoidal voltage
effect is relatively small, even with a significanstirtion of the voltage curve. For
example, if the amplitude of the fifth and seven#rronic voltages on the AMF is
29% and 12% of the amplitude of the fundamental haien@ig. 5), which powered by
TSG, which corresponds to short-term operation otabemotive (fig. 4), whilecosg
decreased is estimated at 2%, compared @ity at sinusoidal voltage, coefficient of
efficiency 7 1%, which is unimportant, which powered by AMF TSG.

CONCLUSIONS

1. Which powered by the traction synchronous genetaunding units, overall
power must be increased in 1.5-1.6 times in compatistima rated capacity.

2. The actual operating power modes differ signifiliafrom the rated modes:
average operating the frequendy,, = 06f,, voltage U,,, = 048J,, power on the

shaft of the motor-farP', = 032P,, , therefore, for optimizing the design parameters of

AMF is necessary to consider the operational modespgfig@and AMF.
3. The influence of higher harmonic voltages onAF when powered by TSG
decreasexosg by 2%, coefficient of efficiency; 1%, which is unimportant which

powered by AMF TSG.
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IKCIINIYATAIIUOHHBIE PEXUMbBI IUTAHUA MOTOP-BEHTHJIATOPOB
HA TEIVIOBO3AX OT TAT'OBOI'O CMHXPOHHOI'O TEHEPATOPA

Aunexcanap 3axapuyk, Urops ByxTusipos

AuHoTauus. [IpOBEeJCH aHANM3 PEXMMOB INHUTAHWS ACHHXPOHHBIX MOTOP-BEHTHIISITOPOB  OT TSTOBOTO
CHHXPOHHOT'0 reHepaTopa IpH paboTe TEINI0BO3a B SKCILTYaTAIUH.

KawueBbie ci1oBa: TATOBBIN CHHXpOHHLIﬁ TeHeparop, aCPIHXpOHHI;IfI MOTOP-BEHTUIIAITOP, TEIMIIOBO3 B
OKCIUTyaTalluu.
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