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MULTIPARAMETER MULTIPLE-FACTOR ANALYSIS
OF THE CLIMBING CRANES’ DYNAMICS

Leonid Budikov
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Summary. Multiparameter multiple-factor investigationstbé motor plugging dynamics of the bridge cranes
with 10 tons hoisting capacity had been made. Tégstical model of the optimization generalizederion
dependence from dominate factors had been bui#. €fficiency of this research method from the paht
climbing cranes dynamics reduction had been shown.
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INTRODUCTION

Climbing cranes operate in the recursive short-timede of mechanisms
activation. This mode is characterized by frequerdchanisms’ start-stops, and is
followed by heavy dynamic load of crane’s drivingechanism and metalware.
Especially hard dynamic loads follow after fastespebridge cranes’ plugging by
electric motors, which is widespread during thenes exploitation [Budikov L.Y.
Kanaev S.F. ]. It is possible to reduce dynamiad$om the cranes’ elements with the
help of optimal (rational) formation of the drivirdements’ mechanical characteristics
in the modes of plugging by electrical motors.

OBJECTS AND PROBLEMS

The bridge cranes with 10 tons hoisting capacitgdenby VNIIPTMACH (Vkr
=2 mls, L = 22,5-34,5 m, separate drive, insidekjvénad been examined. Driving
system of cranes, which are assigned for insid&waumsists of engine MTF 211-6 (N
= 7,5 kW, PV = 40%, g1 = 930 rpm, Mhx = 191 Nm), reduction unit TC2-300 {u~
9.8), brakes TGK - 160 (Mnaxy= 100 Nm), running wheel with the radiug ¥ 0,2 m
and connected to each other muffs. Fig. 1 showsrtbehanical characteristics of the
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driving system during its work in the traction mo¢®urves 1-5) and the mode of
plugging by the electric motor (curves 1'-5 ).

Mechanical characteristics of the cranes’ driviggtem in the traction modey P
and the mode of plugging by the electric motgrdPe quite accurately described by
next formulas [Budikov L.Y. 2003]:

K v, X)) o= Kq (Vo +X,) "
T L o2 pl— L N2
B, +(V, — X.) By + (Vo +X,)
2M, [s v, [u, [n
where K, = qr " —: B,=sq Vo M =AM, - critical
k

(overturning) engine momentjqs- critical slip on the mechanical characteristic g
V, =V, [y /n, - crane’s movement speed which corresponds tosyinehronous
speed of the engine rotor rotation; uratio of the driving systemj ~ radius of the
running wheel;X, - current value of the crane’s movement speed.
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Fig. 1. Mechanical characteristics of the driviggtem
of the crane with 10 tons hoisting capacity

RESULTS OF RESEARCH

The calculation of transient processes’ dynami@peters usually comes to a
system of nonlinear differential quadratic equatifBudikov L.Y. 2003]. The solution
of such system comes out of the motion equationsieral integration for a fixed set of
factors, the solution is given in the form of cwyevhich show the changes of the
hoisting machine’s studied parameters in time. ther plugging of bridge cranes by
electric motors, which had been investigated in #rticle, such parameters are: driving
system’s reduced force, B fi(t); horizontal metalware’s inertial loading, = f,(t);
horizontal component of the load rape’s tensign=Pfs(t); speed of end girders’
movement y = f4(t), etc. (see fig. 3).
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For the studied group of cranes, the variable factahich have a dominant
influence on the transition process’s parametetseyaare critical slip (g) on the
mechanical characteristic g, reduced to the erdegir(m) and to the midspan i of
the crane’s weight, metalware’s rigidity in the izontal plane (the research had been
made for the length of the suspension [6ad5 m).

"Quality" of the bridge crane’s braking can be di#md only with the set of
parameters, among them determinative ones aree’srdimaking time 4, maximum

dynamic load on the metalwarB),™, maximum horizontal component of the load

rapes’ tensionPkmax (maximum amplitude of the load’s deviation frone thertical line

max

AT = z—). The above-mentioned parameters fully and seffity describe the
k
transition process and determine crane’s techaiw@loperational characteristics.

Thus, one of the adopted methods’s of cranes’ dycwmifieatures analysis is
multivariate braking processes “quality’s” estinoati

There are different approaches to the several pgeamoptimization’s problem
solving. In this case, it is possible to give aliptmary assessment of each individual
parameter of the transition process, that's whisitonvenient to use Harrington’s
generalized desirability function D as a generdlizziterion [Achnazarova S.L.,
Kafarov V.V. 1978]. For the construction of thidterion it is necessary to transform
the values of parameterg P,;™, A™ ... to the values of non-dimensional particular
desirability d;, dy;, d;, .... and find Das an average geometric value of this desirability
(i — experiment’s sequence number).

Bridge cranes’ braking time: is limited from two sides: on the one hand this
time must be longer than the minimum braking tigg when the grip of the running
wheels and rail is violated, and on the other shituld be less than maximum braking
time tha Which is determined by features of the cranecéimelogical process. For the
investigated cranes, valugg,t= 2s, andt.x = 12 s correspond to the function’s branch
value d = 0,37 (2), and the valug'd= 0,80 corresponds te t 4 s.

For the bilateral constrain, which looks likg,t< t, < t,a it iS possible to
transform + values in the gscale, using the function

dy = exp[-(| y'}1- )
For this example
In(In(1/ d;
w= - (In(d7d, )) = 2936
Inj(2 [, - (tmax +min ) /(tmax ~Umin )|
y' = 20, — (tmax * tmin)
tmax = tmin
Restrictions for the paramet;™ are unilateral. The exponential dependence

d; = exp[-exp(-y3)], ®3)

where: y = & + aP,™ is used to transfori, ™ to db;.
The coefficients @ and a are defined using the correspondence between
particular desirability function’s values ¢ 0,37 and g= 0,95, starting (which occur
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during crane’s braking after switching motors tochmnical characteristic 1') and
desired (expected after electric motors’ switchimghe optimal mechanical properties)
valuespP,™
For this example:
dy = exp[-exp(- 4,242 + 0,212:§™)]. (4)
The aggregation of particular desirabilities to emeralized desirability D was

made according to the formula
D; =/dy Ldy )

where: i - experiment’s sequence number.

Variation ranges of factors,¢c m, my had been determined, using real
parameters of the bridge cranes with 10 tons mgstapacity, spans L = 22,5 ... 34,5m,
made by VNIIPTMASH. On the basis of a priori infation, & min) = 4,2 (fig. 1, curve
0", and $max = 9,6 (fig. 1, curve -1") had been set.

Basic  (zero) levels  $,,:Cyo: My, M, ), variability intervals

(As,,Ac,,, Am,, Am ), factors’ upper and lower levels are in the tatle

Table 1.Factor’s levels and variability intervals

Factors s Cyr N/IM m,, kg m,, kg
Code (3 Z1 Z, Z3 Zs
Basic levels (7= 0) 6,9 1,210° 1,510° 0,8510°
Variability intervals AZ) 2,7 0,410° 0,510 0,3510°
Upper levels (7= + 1) 9,6 1,6.0° 2,010 1,210
Lower levels (Z=—1) 4.2 0,80° 1,010* 0,510

The normalizing (coding) of factors has been dometransform them from
dimensional to nondimensional ones:

Sii ~ Sko . _Cui “Chuo. — i ~ ko _m,;—-m,
Zl:lA—s' Zz—T, Z3—m’“Ame“ 2y = lAm :

M

where Z,,7Z,, Z3,Z, - coded values of factorg, €,, m,, M,; Si, G.i, Mg, M,; —values of

factors in the i-th experiment.

The plan B, where the number of experiments is defined bgntda:

N=2+2k+n, 6) (

where: 2 — number of core’s plan experiments, which fored¢bmplete factorial;-R —
number of star point experiments, for which ther déver o = 1; ny — number of
experience in the center of the plan,

had been chosen for the regression analysisor.éhé second order polynomial
modeling (7).

The full scale plan of experiment, Bias placed in the accepted plan’s graphs 2-5
(see table 2). The results of computer simulaticn shown in graphs 6-7, values of
particular desirability functions;dand d, which correspond to the results of i-th
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computing experiment, are in graphs 8-9, valudefgeneralized criterion;Dis shown
in the graph 10.

Table 2.Computer simulation’s plan and results

expl;grior;ent N Cnll\.l}l\(:4 , mkl;;d" mmléocl‘ tri,c | Py kN thi dy; Df
1 2 3 4 5 6 7 8 9 10
1 96 | 160 | 20 1,2 | 1156|8978 |0,466 | 0,908| 0,651
2 96 | 160 | 20 05 | 10,62 -6,893 |0,679 | 0,940| 0,799
3 96 | 160 | 1,0 1,2 | 10,00 [-10,559 |0,800 | 0,874| 0,836
4 96 | 160 | 10 05| 771 -8672 |0,997 | 0,914| 0,954
5 96 | 80 2,0 12 | 11,53 -8890 |0,473 | 0,910| 0,656
6 9,6 80 2,0 05 | 1061 | -6888 |0,681 | 0,940 0,800
7 9,6 80 1,0 1,2 | 9,95[-10563 |0,809 | 0,874] 0,841
8 9,6 80 1,0 05 | 7.68| 8647 |0997 | 0,914| 0,955
9 42 | 160 2,0 1,2 | 6,87|-15124 |1,000 | 0,702| 0,838
10 |42 | 160 2,0 05| 591[-11,012 (0,989 | 0,836| 0,909
11 |42 | 160 10 1,2 | 512[-18181 [0,945 | 0,508| 0,693
12 |42 | 160 1,0 05| 396[-15372 (0,793 | 0,689 0,739
13 142 80 2,0 1,2 | 6,79(-14.936 (1,000 | 0,712| 0,844
14 |42 80 2,0 05 | 5,79(-11,855 |0,985 | 0,838| 0,908
15 |42 80 1,0 1,2 | 515][-18,129 (0,947 | 0,512| 0,697
16 |42 80 1,0 05 | 397(-15249 [0,795 | 0,695 0,743
17 |69 | 120 15 0,85| 7,66[-10,985 |0,997 | 0,863 0,928
18 9,6 120 1,5 0,85| 10,43| -8,742 |0,718 0,912| 0,810
19 |42 | 120 15 0,85| 548[-15071 [0,970 | 0,705 0,827
20 (69 | 160 | 15| 085| 7,69[-10,949 [0,997 | 0,864| 0,928
21 |69 80 15 0,85| 7,71(-11,013 |0,997 | 0,862 0,927
22 |69 | 120 2,0 0,85| 8,38[ -9968 |0,977 | 0,888 0,932
23 (69 | 120 10| o085| 702[-12,260 [1,000 | 0,824] 0,908
24 69 | 120 15 1,2 | 811]-12,063 (0,988 | 0,831] 0,906
25 |69 | 120 15 05| 7.28| -9640 (1,000 | 0,895 0,946

The coefficients of the regression equation, whddscribes values of the
generalized criterion Pin the specified area of factors,, €,, m,, and ny estimation,
had been counted using least-squares procedure. rAsult, next regression equation
had been received:

DP = 0,929 + 5,7740°%2, — 1,33310°%Z, — 1,61110°Z; — 0,044Z, — 0,111Z,% —
—1,78510°Z,% — 9,28510°Z4* — 3,28510°Z,° + 6,2510°Z,(Z, — 0,082Z,Z5 —
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—0,0192,Z, + 1,87510%Z,Z; — 9,37510%Z,Z, — 6,43810°Z;Z,. 7

The adequacy of the regression equation (7) wasastd by the variation coefficient:

sa, (8)

where I, = by - the average value of the transient process’slityti&riterion; Die -

the value of the “quality” criterion in the i-th b of the plan, which had been received
during the computational experiment (i.e. numeridalegration of the “drive-

metalware-load” system’s motion equatioha;iIO - the value of the “quality” criterion in

the i-th point of the plan, counted with the hefgpolynomial (7); N — the total amount
of experiences; k- total number of regression coefficients).

Model verification (7) gave the resyit = 0,115. Statistical model (7), which
describes the dependenckHi(s, c,, M, M,), allows to estimate influence and mutual
influence of factors s c,, m,, m, on the “quality” of the examined cranes’ braking
process in the mode of electric motors oppositeudir

Within the bounds of the article, the author haditid himself to graphing of
dependence D= f(s) for cranes with spans 22,5 m, 28,5 m and 34,5ee fig.2).
Thereto the values of the coded factoes Zs;, 74, which correspond to the above-
mentioned crane spans’ valugs m, m,, had been inserted to the equation (7)

D
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Fig. 2. Graphs of the dependence D 5 fer cranes with different spans

The graphs of the braking processes parameterse whilne’s with the span
28,5m braking, using the switching to reasonableharical characteristicg=6,9, are
shown at fig. 3. In this cagg™ = 11,78 kN, = 7,65 s.

The similar calculation had been made during trekibg process of the same
crane, but using the switching to the mechanicatatteristic 1' (see fig. 1), what occur
during the real cranes exploitation [Budikov L.Yataev S.F. 2009]. The aim of these
calculations was to evaluate the received effadhis cas®',™ = 20,37xN, t, = 3,92c.
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Fig. 3. Graphs of the parameters during crane’kifiga. = 28,5 m,
using the switching to reasonable mechanical chexiatic

CONCLUSION

1. The method of multiparameter multiple-factor lgsia of the climbing cranes’
movement dynamics, which is grounded on the conabiree of the classical approach
to the machines’ dynamics questions and mathenhatieory of multiple-factor
experiments, allows to fulfill multiparameter ansily of different factors’ influence on
cranes’ dynamics, to count reasonable, accordingth® generalized -criterion,
mechanical characteristics of the movement drive.

2. In the article it was shown that choosing thesamable braking mechanical
characteristics, it is possible to reduce conshlgrél,5 - 2 times ) dynamic loads with
acceptable duration of the braking processes.s8tati model (7), which describes the
dependence D= (s, c,, M, m,), allows to evaluate the influence and mutuakiefice
of factors g, ¢,, m,, m, on the “quality” of the investigated cranes’ brakiin the mode
of plugging by electric motors.
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MHOT'OITAPAMETPAYECKHWI MHOT O®AKTOPHBIN
AHAJIN3 JUHAMUKU I'PY30IIOABEMHBIX KPAHOB

Byauxos JL.5.

AHHOTanus. BBINONHEHB MHOTONIApaMETPUUYECKIE MHOTO(AKTOPHBIE MCCIICAOBAHUS JUHAMUKI TOPMOKCHUS
MOCTOBBIX KPaHOB TIpy30m0abeMHOCTBI0 10 T NPOTHBOBKIIOYEHHEM OdieKTpoaBurateneil. IloctpoeHa
CTATHCTUYECKAsi MOJIENb 3aBUCHMOCTH 000OIICHHOTO KPUTEPHS ONITUMH3ALMI OT JOMHHUPYIOMIHUX (haKTOPOB.
ITokazaHa >)(eKTHBHOCTh METO/Ia MCCIICIOBAHUN C TOYKH 3PCHHS CHID)KCHMS JMHAMUKH TPY30MOABEMHBIX
KPaHOB.

KiioueBble ¢10Ba: rpy30M0bEMHBIC KPAHBI, MHOTONAPaMETPHUYECKasi ONTHMH3AL[Hs], TOPMO3HBIE IPOLIECCHI,
0000IIeHHbIIH KPUTEPUIL.



