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DETERMINATION OF OPTIMUM CONSTRUCTIONAL DATA
OF FEED DEVICE OF FRICTION MODIFIER
WITH PNEUMATIC DRIVE

Julia Baranych, Jaroslav Mushkajev, Olexsander Klujev

Volodymyr Dal East-Ukrainian National Universityugansk, Ukraine

Summary. The articles describes mathematical model of ojmeradbf pneumatic drive device, which
increases traction coefficient of locomotive withls and describes solution of this model in reaiditions.
Also the principle pneumatic scheme of feed ofttamcmodifier is suggested for locomotivé2116.
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INTRODUCTION

Recently the friction modifier<Centrac VHPF, HPF, LCF, designed by a
company Portec Railway Maintenance Products andpaoyn Kelsan Lubricants and
applied in a number of countries (The USA, Cané&dance) are “know-how” in area of
high positive friction supplying in contact “wheil”. The new generation of friction
modifiers is usually used as solid lubricant ortie fluid form and it is feed as
applicator, which is installed on locomotive equgmth The friction modifiers must
have good holding capacities and good water resistdo maintain frequent contact
effects. The value of friction coefficient depemasslip velocity of rolling-stock wheels
and a coating thickness, which is produced by tietidn modifiers [1,2].

The specialized friction modifierddPF improve effectively the friction
coefficient and remove squealing or other typesigh noise levels on a track with
rails, which is subjected scalloping wear and whsgh. However, in practice these
devices are ineffective without special controltsgs or they cause the overrun of
material. The article describes the algorithm atkte method of solid lubricant feed,
which consists of abrasive and silicate film-formiradmixture; mathematical
simulation of operation of feed device of frictionodifier with pneumatic drive is
developed, and principle pneumatic scheme of féddation modifier is suggested for
locomotive 2’9116 [3], it is shown on a fig. 1.
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Fig. 1. Principle pneumatic scheme of feed devfdeiation modifier for locomotive 23116

OBJECTSAND PROBLEMS

The device must satisfy dynamic characteristics ¢icample, velocity of solid
lubricant in moment of contact with surface) anatistcharacteristics (maximal press
power); control simplicity.

Determination of dimensions of structural compogreasitbased on the followings

set values:
1. velocity of solid lubricant in moment of contadith surface must not exceed a

set valueV,,,, in order to avoid impact loads which can cause destruction
(spalling) of solid lubricant;
2. press power of solid lubricant must not exceethaimum loadF, ., ;

The motion of moving parts of compressed air cydmdith solid lubricant is
considered on a figure 1. The moving direction istgn is chosen on the right — to the
left. Dynamic equation for system piston-solid ighnt is determined as [4]:

av .
(m1+ mz)a = p1F = PoFo +paFp —Ry —cy—KppV - Remsigriv), ()

where :m - reduced mass of moving parts of compressedlaider; m - reduced mass
of solid lubricant; V - rate of movement of pistomd of compressed air cylinder;

P, PP, - absolute pressures in rod end, in blind sidepoapheric pressure
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accordingly; F;,F,,F, - areas of rod end, blind side, and area of pistoin
accordingly; c - spring constank; - friction coefficient, proportional to speed imet
first degree;R; - force of friction of moving parts of compressedcylinder; R, -

effort of the initial spring pressingsigr(V) - a sign of velocity value.
Taking into account observations, this equationlmapresented as:
dV _ PR - R+ pFy ~R —oy-kV - Risigrlv) | )
dt m +m,
Let's consider the pneumatic discharge line (fromui throttle to rod end of

compressed air cylinder), taking into account teadizone of chamber of compressed air
cylinder:

Wo, +W,, +F F

01 T Wi 1y[_Ep1=Gl_p1 1

kRT, dt RT,

where: Wy, - dead zone of rod end of compressed air cylingey; - volume of

Vv, 3)

discharge pipelinek =14 - adiabatic exponentR =287 — gas constant for

kglK
dry air; T; - absolute temperature in rod end of compressedylaider and in discharge
pipeline; G, - air-mass flow, acting through input throttledischarge pipeline;p, -
absolute pressure of air in rod end of compressetylander; F, - area of pressure of
rod end.

Rs
Wo> % £ oA Wor ' T
\ i — ool
3 T Znal
» 4 7, y RestgnfV/

.@l Pl

sV
£
P

Py

Fig. 2. Design model of operation of compressedyimder

Let's consider the pneumatic output line (from 8liside of compressed air
cylinder to output throttle), taking into accouhetdead zone of chamber of compressed
air cylinder:
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Wp, +W,,; +Fy(H - ) dez _ bR, V-G,

KRT, dt RT,
where: W,, - dead zone of blind side of compressed air oglinav,,, - volume of
output pipeline; T- absolute temperature in blind side of compreasetylinder and in
output pipeline; G, - air-mass flow, acting through output throttlean atmosphere;
p, - absolute pressure of air in blind side of corsged air cylinderf, - area of blind

side.

Air-mass flow through input throttle can take diffat values in accordance to
subsonic or supersonic gas flows:

(4)

k+1

2
2K lek [Q}k . P
LR LN e e el i el B A
N (k-)RT, (pd Py P
G = (5)

1
2 k1 2k p
f ) L <o
”“p“(kﬂj Vlicr 2R, pa

where: 14 - discharge coefficients of input throttlé, sectional area of discharge
k

o : 2 k-1 i .
pipeline; py - discharge pressuredP o, = (ﬁ} =0,528 - critical relation of
+
pressures for dry air.
Air-mass flow through output throttle can take €iffnt values in accordance to
subsonic or supersonic gas flows:

k+1

2k P, ¥ pjk. p
Mot |l —o | Tl [ 20
227 (k-1RT, (pzj (pz P,
G, = ) (6)

1
fp(zjk_l 2 P c o
Hy 150 K+l (k+)RT,” b, °

where: 1, - discharge coefficients of output throttld;, - sectional area of output
pipeline; p, - atmospheric pressure.

The obtained differential equations (1-6) can lesented in Cauchy’s form, that
allows to apply for their solutions one of the kmonumeral methods of integration. A
method of Runge-Kutta is most preferable, becatiseas high accuracy at rapid
convergence. The assumptions of concerned mathehatodel are such as:

1. Thermodynamics process is adiabatic in chambesropressed air cylinder;

2. Temperatures Tand T, are average absolute temperatures, and are agcepte
equal value in calculations and does not changegltine cycle of device operation;
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3. Time, during which pressure of air before inphtottle rises to deliver
pressure, has so small value, that it can be cereidequal to the zero;
4. The gravity work, operating compressed air dgimis neglected on account of

small value of it;
5. The dead zone into pneumatic line is neglecsetthe@ walls of pneumatic lines

are not deformed.
The values of basal characteristics of air aregntesl in a table 1.
The solution of equations is fulfiled in systemd$ BIATLAB, data of

calculations on the program are shown on figures-3].

Table 1.Numerical values of basal characteristics of air

Characteristic Clause Numerical values
1. Densityp, ke / Ml p =1.01310°Na 1.207
2. Specific gravityy,H / m* p=1.013010°Ma 11.82
specific volumeV , x> t =20C 0.83
3. Gas constanR, Dry air 287
kgl8K
(RH 80%) Moist air 289
4. Coefficient of dynamic _
viscosity W, Palc t=20C 17.88-10-6
5. Heat capacity
J
C t=0-100°C 18.4106
P kgOK
J
C, ¢ = const 0.72103
kgOK

Air for the delivery of system of pneumatic driveetaken from delivery system
of sanding apparatus and previously it is reduaedidlivery pressure of pneumatic

drive Pap = 0,2MPa.
The curves of moving, rate of movement, dischamgsgure and output pressure
are shown on figure 3.
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Fig. 3c. Discharge overpressure curve Fig. 3d. Output overpressure curve

CONCLUSIONS

Thus, calculations proved that this mathematicaldehoallowed to choose

optimum constructional data of feed device of fmactmodifier, for example, for

pneumatic drive (area of work surface, length stqri-rod) from condition of absence
of destruction (spalling) of solid lubricant, whishdetermined by rate of movement of solid
lubricant in moment of contact and rate of increabgressure power after moment of

interaction.
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BBIBOP ONITUMAJIbHBIX KOHCTPYKTHUBHEIX ITAPAMETPOB YCTPOMCTBA

IIOJAYU AKTUBU3ATOPA CHEIIVIEHUSA C TIHEBMATHYECKHUM ITPUBOAOM

Bapanuy 10.B., Mymkaes 51.B., Kiroes A.C.

AHHOTanus. B pa60Te 000CHOBBIBAETCSI U npemyiara€Tca MareéMaTudeckas MOICIIb IMHEBMATHYCCKOTO
ImpuBoaa yC’I‘pOﬁCTBa TOBBIIICHUSA KO3(1)(1JI/IIII/IGHTEI CHCIUICHU JIOKOMOTHBA C PEIIbCaMU. HpI/IBeI[CHO penieHue
JIaHHOW MOJIeNn Ipu  yCIOBUAX, l'IpH6J'II/I>KeHHI>IX K peaJbHbIM. Taxxe NpeAJIOKEHa MNPUHLUIIKATIbHAA
IMTHEBMAaTHYCCKas CXxeMa yCTpOﬁCTBa Toa4r aKTUBHU3aTOpa CUCIIIICHUA 14 2T2116.
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