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I
 INTRODUCTION

. With. the'intrOduction of new—powefed engines, one . of
the main objectlves of the rallroad lndustry is to’ ‘improve -
the maximum avallable tractlve effort and to haul loads at
hlgher speedsi’ Several methods have: been suggested over
the period of the past few years, whereby this objective can
be achieved. - Increasing ‘thé number of wheels, increasing
the load per wheei' sandlng of the track and cleahing the
track by plasma torch are some of the most recommended
‘methods of ach1ev1ng ;mproved adhesion. Operation of locomo—
tives using high adhesion coefficients has generally shown '
'simultaneous increase in wear rates of the wheel and the

rail. Large wear rates are not considered acceptable due
;to obvious lncreases of operational costs. It is:therefore
"desirable to have maximum available adhesion between a
wheel and the rail without giving up too much in terms of
- track and'wheel wear. This calls for a better understanding
of the behavior of friction, creep and wear in the small

contact region between the wheel and the rail.

The purpose of this investigation, therefore, is to
make a systematic study of friction and creep between steel
wheels and rail. ' It throws light on several important as-
pects of the problem. A similitude law for smooth and worn
surfaces has been established. Variation of area of contact
with creep generated with time has also been studied. - This
understandlng of the ba51c relatlonshlp between friction,
creep and area of contact is very helpful for a better
understanding of adhesion and ways in which: to 1mprove it.



The only other experimental work done in this area
taking surface roughness into account is by a team at Bolt,
Beranek and Newman, Inc.(3)*1 However, thelr contactlng
elements were made of alumlnum, the area of contact was a
rectangle and the change in area of contsct with time was
4noE’considered. This is not considered to be a true simula-
*Eiéh’éf“What exists in actual wheel rail interaction, and
the results obtalned may not quite reflect the true behav1or

of a wheel rolllng on a rall in our oplnlon.

* The numbers in parentheses de51gnate references
included in the Bibliography.



IT.

‘A BRIEF DISCUSSION OF THE FRICTION CREEP TEST FACILITY

‘DESIGN AND SIMULATION - o , _
The test fac1llty on whlch thlS entlre study is carrled

out was orlglnally des1gned and manufactured at the Electto-

motlve D1v151on of the General Motors Instltute.(l)

. In May 1974 thlS entlre 15- ton faClllty was moved to
vIllanlS Instltute of Technology SeVeral changes were made
at this time towards the. mechanlcal as well as the electrl—
-cal design, operatlon and control aspects of the rig for -
. performing addltlonal tests w1th 1ncreased aceuracy. Thus
Ithe fac111ty was s1gn1f1cant1y 1mproved in its performance
and accuracy. The details of the settlng up of the fac111ty E
at I.I.T., its design and control changes and‘prellmlnary 4
testing were reported in an earlier I.I.T. Interim Technical
Report.(z). - )
The rig was designed so as to simulate certain road
conditions in the laboratory. It essentially consists of

one big wheel Fig. 1 [1]* which serves as a rail and one
small wheel Fig. 1 [2] which serves as a locomotive wheel.
Each of these wheels is powered by a separate motor. The
profiledof the small wheel has a precalculated radius

(see Appendix A), such that when the two wheels are in con-
tact, the area of contact is an elllpse, The ratio of the
major axis to the minor axis of this ellipse of contact is
the same as that found during actual wheel-rail interaction
of G.M. E.M.D. locomotives. This takes care of the geometri-
cal part of the s1m111tude. va the load applied to the
.contactlng wheels is‘such that the Hertz contact stress(4);
| deve10ped‘1sﬂequal to the actual Hertz contact stress
developed between.wheel'and”rail,'the lOading“part'of the
similitude is also taken care of. As the effects of

* Numbers in parentheses [ ], written with Fig. 1
refer to components as marked in.Fig. 1.
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vibrations, joints in rail and the'like conditions have
not. been 51mulated it cannot be said. that a steel wheel on
a steel rail under similar surface conditions would behave
exactly ds the tests predlct.' However, compared to the.
various other fac111t1es on whlch experlmental work of a"'
similar nature- were carrled out thls fa0111ty can claim
to.give results Wthh are. con81dered as good a 31mulatlon.

as has been p0551ble so. far.

Measurement of reeg .
The speed of rotation of -each wheel is measured very

accurately by means of magnetmcuplckups~Flga-l:[3~and‘4].

A gear having4144fteeth;is.mounted,on;the axle of each
wheel. Hence, the magnetic pickup . ‘senses 144'cycles/
revolution. The number dlsplayed by the electronlc counters
Fig. 1 [9] which are connected* to the magnetiec plckups is

in cycles/sec.. The R.P.M. of each wheel can then be calcu-

lated as follows.

cycles , 1 Revolutions ; 60 Sec _ Rev

- sec 144 Cycle ’ Min  Min

The gap between the gear and the magnetic plckup is kept
between Ol and .02 inches. ‘

Knowing the speeds of the two wheels independently at
any instant, the creep generated at that instant can be
calculated. Creep is generated by braking the small wheel
motor Fig. 1 [12] dynamically. This is done by supplying
field current Fig. 1 [15] to the small wheel motor. The
‘motor then acts as a generator and the current generated
is dissipated as heat through a bank of re51stors Flg. 1
“[18] connected.in parallel to: armature.h'j

Measurement of Coefflclent—of—Frlctlon

Both the wheels are driven by D.C. motors Fic. 1
[11 and 12]. The electrical circuit consists of a variable
transformer Fig. 1 [8] and a rectifier Fig. 1 [7] for the
field and armature of each motor. The rectified power is



obtained from 230 volts A.C., except for the field of small
motors which is ‘supplied by 120 volts A.C. The control and
circuit diagram details of the facility are given in a pre-
vious technical repoft.(z) In the central portion of the rig,
iminédiately above the yoke which holds the small wheel is a
load celilFig; 1 [lﬁ] consisting of a tube welded to flanges
“on eacdh'‘end. This load cell consists of three strain gauge
‘bridges for measﬁring the axial, longitudinal and lateral
loads. The gauges are arranged so that'each bridge reacts

1ndependently

A BLH Electronlcs model 1200 portable digital strain
indicator Fig. 1 [18] is used to amplify, measure and display
the millivolt per volt output of the wire strain gauges in
micro inch- per-inch of strain. A BLH Electronics model 1225 .
switching and balancing unit Fig.” 1 [17] is used. This
iﬁstrument allows all the three strain gauge bridges to be.
vsuccessively monitored on one single above-mentioned strain

indicator.

_ The setup to apply axial load is as shown in the pre-
 vious report.(z) A force ring gauge Fig. 1 [10] is placed
. between the central support shaft (which transmits the
applied load to the small wheel) and a bolt (which is used
to apply the load). By tightening this bolt, force is
-transmitted via the ring gauge, the support shaft and the
load cell on to the small Wheel. Ring gauge is used to
measure this forceabecause the axial strain gauge bridge (2f

did not work up to satisfaction during initial calibration.

Know1ng the axial load-N and the longltudlnal load-T,
the coefficient of frlctlon, o= between the blg wheel

and the small wheel can be calculated

No attempt has been made to describe every single

.- detail’ of the test facility in this report. For this,

Yeaders ‘are referred to the Blbllography.(l’ 2)
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EXPERIMEN'I‘AL INVESTIGATION OF SIMILITUDE LAW ."» L

Preparatlon for Testlgg

and repeatable resultsrn-”

_ Preparatlon of Surface.. The”surface of'the“big;wheel'
was flnlshed to around 20 u After every test, a track
was formed on the b1g wheel and S0 .a- new surface was used _
for each experlment ‘by: mOVlng the big ‘wheel . .in thé- lateral'

,dlrectlon.ﬂ When the entlre Surface ©Of-"the big wheel: was'

covered with tracks, a llght cut’ was ‘taken across the 'wheel.

A high speed steel tool was placed 1n the toolholder which
- was welded to the base of the rig, ln front of - the" wheel and

' traversed across the. wheel while: the-axle was slowly turned.

. The wheel was then ground with a -tool past grlnder and final-
51y pollshed with 320 and 400 grit emery papers to obtain the
}'des1red finish. - It was then checked by a surflndlcator.

The shape of contact between the two wheels was checked

~after each experiment and a new small wheel was used when

the shape was no longer an ellipse.
Before the start of each experiment, the big and the

"small wheel were cleaned with trlchloroethylene in order tc

.eliminate mlnute surface impurities and to establish a roll-

ing contact between virgin steel and v1rg1n steel.

Measurement of Brgrwheel Diameter. In order to calcu-

. late creep;, the. diameter of both the wheels must be correct

(2)

to the third de01mal place.,t - To. obtaln thlS accuracy, thew

.fblg wheel dlameter was’ measured by means of a "Pl Tape. .
It is a thin metalllc tape con51st1ng of a maln scale and a.

vernier scale. By wrapplng ‘it around- the c1rcumference of
the big wheel, it gives its average dlameter up to three

places of decimal.

e 'ach experl—c;;{i]f
y o y;eld meanlanul R



The diameter of the small wheel was‘measured up to four .
places of decimal at G.M. E.M.D.

Warming up of tgg‘gig, Before the first experiment of
the day could be performed,.the big wheel motor was made to
'*rdn‘for_40 to 50 minutes to loosen the grease in the gear
“:case and to eiiminate.initial vibrations of the motor. Tests

were begun only after the running of the big motor was per-

fectly smooth.

Preparation for Zero—-Reading (Zero'Creep at Zero
Tangential Force). The accuracy of the experiment depends
‘on the establishment of zero initial condition. Before the
start of each experimént,‘tﬁe Iateral and the longitudinal

- strain gauges were adjusted to zero with the small wheel
“1ifted just a little. Contact was then made between the two:
“wheels, the desired load was appiied and the big wheel motor
“’was started. The big wheel was then driving the small wheel
and a certain longitudinal force was recorded in the strain
indicator. This reading was brought to zero by supplying
some power to the small wheel motor. As the strain gauge
readings were constantly fluctuating, and an average reading
was always taken, it was difficult to get exact zero creep

at zero coefficient of friction.

Test Procedure

G. Itami(l).and K. Karamchandani(z) had performed
several experiments to find the relationship between creep
and coefficient of friction. Similar experiments were per-
formed at various other loads to confirm the relationship

- and to proceed with nondimensional analysis. The following
‘was the procedure adopted to obtain the»abovefmentionéd'data:

l. Preliminary preparations of the test as discussed
above were made.

2. Creep was gradually introduced by braking the
small wheel. This was done by supplying field
current to the small wheel motor.



3. Tangential force developed between the wheels was
measured from the strain gauge indicator for every
creep.

4. Creep was increased progressively and tangential
force measured until the point when gross slipping
just began to occur.

5. Braking force was immediately released and the two
wheels brought to stop.

Creep developed during the experiment was calculated
from the speed of the two individual wheels at various

breaking loads.

" y : v
Creep (£) = 1 — ;g . ;ﬁ y%j ;’ %;.1 \/%Eﬁ
B B :
—1-Ng . Ry
NB RB

Where: .

NS = Speed on small wheel in R.P.M.

Ng = Speed on big wheel in R.P.M.

RS = Radius of small wheel in inches

RB = Radius of big wheel in inches

In a prolonged laboratory test, the large and the small
wheel show wear. The radii RS and RB are thus reduced by
a small amount. The percentage change in RS is, however,
more. It can be shown that the observed maximum change in
RS by 0.0003 will affect the creep (&) by 0.0000588.

(See Appendix A.) The creep values thus obtained are con-
sidered accurate up to fourth decimal place and maximum

error in fifth decimal is 6.

Coefficient of friction at each value of creep was ob-
tained by dividing tangential force (T) by normal force (N).

Coefficient of friction (u) = % .

During the entire test, the speed of the big wheel was

o
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-kept near 50 R.P.M. . As the experiment progressed, the speed
" of the big wheel dropped and had to be increased. This was

done by increasing the armature supply to the big wheel motor.

e:idraphicaily obtained aQerage creep curves areishown in
Figures 2, 3, 4, 5 and 6. The experimental data from whlch

the. above curves were obtained are shown in Appendlx B.
‘The creep curves can be represented in a dimensionless

ﬁormabY'Plotting-the'values of .Tx versus Gang + Where:
e R T
U'N , u'N
G = Shear modulus
a,b = Semi axis of contact ellipse
Ex “Longitudinal creep
T, = Tangential force in longitudinal direction
p' = Coefficient of friction relating the maxi-
mum tangential force that can be transmitted
without gross slipping :
N = Normal force

.

For perfectly smoeth eurfaces, the values of semi axis

of the contact ellipse can-be obtained from the Hertz theory.(4)
However, in our case, as the experiment progresses the sur-
face of the big and the small wheel get worn and the actual
area of contact is larger than the theoretical one calcu-

lated from the Hertz theory (Fig. 9).

In order to represent our experimentally-obtained creep
curves in dimensionless fashion, the semi axis of contact was
calculated as follows: The width of the track formed on: the
small wheel was measured after each experiment. This was -
taken as the minor axis '2b' of the contact ellipse. As the
profile on the small wheel was sogmade that the ratio of
major to minor axis of contact eliipse equalszl.57'(see
Appendix A), the major axis, '2a' ceﬁld be obtained. That
the ratio of a/b is‘actuelly around 1.57 could be checked
from Table 5 which represents an 1ndependent experiment done

i
e .
RS

for another purpose.
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The calculations of the two dimensionless parameters
for various loads have been tabulated in Tables 1 through 4.

Test Results

Creep curves obtalned during the experlments are con-—

(1)

pared with those obtained previously by G. Itami and

" K. Karamchandanl( ) (Fig. 7). The slope of the curves in .

the microslip region is the same in all-the three casees.

However, the plateaus of the present curves are sllghtly

lower. Follow1ng may be some reasons for obtalnlng lower

’plateaus-— ‘ ’

. It has been observed by Verbeeck( ) that on -
absolutely clean rails, the maximum coefficient

of friction decreases from .7 to .6 if the. rela—
tive humidity varies between 30 and 70%.

2. For the present study, the big wheel was machine
cut, ground and then polished whereas for pre-
vious studies, the wheel was machine cut and
polished. This difference in the method of
- preparing the surface may have caused a differ-
. ence in the final testing surface which in turn
may have glven lower plateaus. :

The maximum coefficient of friction that can be attained
decreases with the increase in load (Fig. 8). However, the
rate of decrease goes down with the increase in load. "It can,
therefore be observed that the method of increasing the
tractive effort by increasing the load is more efficient at
hlgher operating loads than at lower operating loads. - Under
the present s1mu1ated conditions 889 1lb.corresponds to ‘the

operating loads of G.M. E.M.D. vehicles.

Fig. 9 shows the variation of theoretical and actual
area of contact. The theoretical area is calculated from
the Hertz theory( ) (see Appendrx A). It is the area obtain-
ed when two perfectly smooth bodies come in contact. The
actual (or experimental or true) contact is that which is
present after the two wheels have rolled in contact and are
therefore worn. Flg. 10 shows that the actual area of

contact is l 8 to 2 2 times the theoretical area.
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The plots for Eﬁﬁ versus TR Xfor all the loads fall

on one Single curve as shown in Fig. ll. ' This curve also
c01n01des with the theoretlcal curve of Kalker.(s) It can
therefore be concluded that the law of 51m111tude holds good
not only for perfectly smooth surfaces, but also for sur-
faces that get worn with advancement of time. The area of
contact, however, should be the actual area of contact after
the wear has taken place. The theoretical area of contact’
1f used, will not make all the curves to fall on one 31ngle
nondimensional curve. It, therefore, seems that as the wear
progresses with time -and the area of oontact'increases, the -
creep generated at a partlcular load and coefficient of
friction decreases to a value less than what it would be 1f
the wear did not take place. It was therefore suspected at
this stage that the product of area times creep for a given '
load and a given coeff1c1ent of friction is approx1mate1y

constant with tlme.

Because of the above observation it was desired to have
" a thorough understanding of the variation of area of contact
and creep with time as well as the rate and the nature of
wear taking place with time. A plan for a complete para-
metric study was .therefore laid out and is discussed in
detail in Chapter IV.

Table 1. Nondimensional Values for Test
With Normal Load = 248 lb.

Semi major axis (a) = .050448 in.

Semi minor axis (b) = .0321325 in.

T Lw oo _u

N TR .599

G xaxbxi_ 11 x 10° x 0321325 x 050448 x £
LN , .599 x 248

120.0172 x'E
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Figure 11. Nondimensional Creep Curve
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T u o GabE _1sp 6172

R 16694497 T 0780111
- .3338898  .1860223
S .5008347 - .2280326
6677796 .3156452
Lroo 7512527 . .3684528
© . .8347245 - ..4440636
' .9181969 ~ . .5820834 .
" 1.000 " ‘1.0so1s548

a0 oms
RS- IR [ S
.40 .00263
.45 00307
.50 .0037 -
.55 00485
L5997 009

® N e w N

Table 2. NOndimensional Values'fd: Test
. -+ ¢. With Normal Load =. 498 i1b. ‘
.0668421 in.

Semi major axis (a)
.0425746 in.

- Semi minor axis (b)-

o

u
Gxaxbxf _ 11 x 10° x .0668421 x 0425746
XN 5375 x 498

T - u Gabt

.10
.20
.30 -

.40

.45
.50

;53754

' .00075

.0032
0039
.00525
.009

.00225

.1860465

©.372093
5581395
.744186
.8372093"

.9302325

1.00

.087706
.1707321
2631146
.3742075
.4560654
.6139342
1.0524586
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Table 3. Nondimensional Values for Test
o With Normal Load = 748 1lb.

Semi ﬁajqf axis (a) = 0771841 in._
-Semi minor axis (b) = 0491619‘in.

b x £ _ 11 x 10% x .0771841 x .0491619 x ¢
b ,

G x ali
T x ‘ 525 x 748
= 106.28504 x £ .

No. u B UTN 2;,525 ﬁfﬁ§‘= 106.28504 x &
1 .10 .0008 . .1904761 ©.085028"

2 .20 .0016 .3809523 .170056

3 .30 .0024 | .5714885 .255084

4 .40 .0035 | .7619047 .3719976

5 .45 .0044 .8571428 4676541

6 .50 .0060 .9523809 6377102

7 .525 .008 1.00 .86028
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Table 4. Nondimensional Values for Test
With Normal Load = 998 1b.

Semi major ax1s (a) 0889248 1n.

Seml mlnor ax1s (b) % 05664 1n
uTN u . 50
Gxaxbxf_ 1l x10° % 0889248 x .05664 x £
RS TEEE 3 E — .50 x 998, .
= 111,02637 x €
) ‘ o T _ Gabg _ ’ )
No. u £ | T —£5 TR 111.02637 x g
1 .10 - .00082 - 2 0910416
2 .20 . .00165 4 .1831.935
3 .30 .0026 .6 .2886685
4 .35 .00313 ; .7 .3475125
5 .40 .00383 .8 | .4252309
6 .45 .00493. 9 .54736
7 .497 .008 1.0 .8882109
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PARAMETRIC STUDY OF FRICTION-CREEP

A detailed systematic study of the variations of differ-
ent parameters with time was found absolutely necessary to
understand friction creep phenomenon and to explain the
results obtained in the previous chapter on a theoretical

basis.

Preparation for Testing

All the preparations made before conducting the previous
set of experiments were made before the start of each of these

experiments. Some additional preparations were also made.

Method of Obtaining True Width. It was desired to ob-
tain the width of the track on the small wheel with reasonably

high accuracy. This was accomplished by obtaining a replica
of a portion of the track on the small wheel. 'This replica
was then observed under the microscope and the width of the
tract (bT) was measured up to four decimal places. The repli-
ca was made by pouring a mixture of acrylic powder and acrylic
liquid into a specially-prepared mould that fits on the wheel.
The so-formed paste solidifies within five minutes, giving a

perfect feplica of the surface.

Method of Obtaining True Area of Contact. As the pre-
sent test required the two wheels to roll for an extended
period of time, it was observed that the area of contact no

longer remains an ellipse. The area tends to approach a
rectangle. Hence, at any time during the experiment, the
true shape of the area of contact was anywhere between an
ellipse and a rectangle (Fig. 12). A similar observation

was made by Dr. H. I. Andrews.(7) It was necessary to measure
this true area of contact. This proved quite difficult and

a number of alternative methods had to be rejected before the

following method could be accepted.
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NEW 30 MIN.
Ap = 001300
90 MIN. ' 150 MIN.
A = 001457 Ay =001512
180 MIN. . 240 MIN.
Ay = 001652 Ay = 001715

Figure 12. Variation of Area of
Contact with Time.
(N = 548 1b, u = 0.46)
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A piece of replicating tape obtained from Ernest F.
Fullam, Inc. of New York was kept between the two wheels and
the wheels were brought inﬁo'contact. The shape of the con-
tact area was therefore captured on the repliqating tape. -
This area was magnified through a shadowgraph and was measured
by a planimeter. Let this'area be called Agp- The Ay value
is affected by the presence of the smooth replicating tape
between the two surfaces. -The thickness of the tape (5 mils),
tends to increase the above value whereas the presence of the
'smooth' tape tends to suppress the increase in the above
value caused by roughness generated by wear. There will be
some compromise between the two effects somewhere, but the
value AR is not the true value of the area of ‘contact, and
hence has to be corrected.

The area of contact, as mentioned earlier, is between

an ellipse and a rectangle. Hence, we can write:

AR=X1XE.3.X?B S Y
2 2
-and
AT=x2xa_Txf’_T | (2)
2 2
where
4R = length of contact area in the direction

of rolling obtained from the replica,

R = width of contact area perpendicular to
the direction of rolling obtalned from
the replica,

AT = true area of contact,

r = true length of contact area in the
direction of rolling, :

bT = true width of contact area perpendicular

to the direction of rolling.



X. and X, are constants whose values are varied from

1 2
3.14 to 4. Dividing Equation (2) by (1), we get:

Bp/Bp = (Xl/xz) (aT/aR) (by/bg) | (3)

Experimental measurements of b and AR for different N
(Table 5) of elliptical contact for smooth surfaces as
measured on the replica tape show that aR/bR is nearly:con—
stant (1°5-1+6). The shape of the ellipse of contact thus
remained unchanged:. It can-therefore be assumed that the
shape obtained on the replica is similar to the shape of

the true areda of contact with only the size varying. ~Thus,
X = X, and ag/ap = by/by

Hence, Equation (3) can be written as:
Ap = B (bf;' bR)2 | | S (14).

bR is measured from the replica by the shadograph and b

30

measured as discussed in the previous section of this chapter.

To verify this method of obtaining true area, an experi-

ment was perfcrmed whereby area of contact was measured by the

above method between new wheels at various loads. The graph
of obtained area was plotted and compared with theoretical

area for perfectly smooth surfaces (Fig. 13). The two curves

were quite close, especially at higher loads showing that the

above method was an acceptable one.

. 'Calculations of true area for loads of 548 1b., 748 1lb
.and 1000 1b. are shown in Tables 6 through 8.

Test Procedure

All tests were performed at three different loads -
' 548 1b., 748 1b., and 1000 1b. At each load, the test was

performed for fcur-different coefficient of friction -

0.15, 0.30, 0.40 and 0.46. For each coefficient of friction

the test was performed for a period' of 270 minutes. Creep

*r

14

and area of contact were measured and replicas were taken, at

intervals of about 45 minutes.
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Following is the operating procedure adopted in conduct-

ing the above—mentioned tests:

1l.) Prellmlnary preparatlons for- testlng as
dlscussed before were made.,

2.) Requlred load was applied.

" 3.) Calculated amouhts of tangential force
was introduced by braking the small
wheel dynamically such that the required
coefficient of friction was attained.

4.) After every 45 minutes, creep genérated
was recorded and the machine was stopped.

5.) A replica of the contact area was taken
as werealso the castings of the worn
track of the big and small wheel.

6.) The machine was restarted and run for 45
more minutes after whic¢h the entire
procedure was repeated.

Precautions. The application of the required tangential

load was done very gradually over a period of approximately
three minutes to ensure that there was no slippage due to a

sudden application of tangential load.

The applied tangential load was observed to be falling
- slightly with time. Hence, it was checked and increased when-
ever necessary to keep the generated coefficient of friction

at a desired constant level.

The readings on the counter were constantly fluctuating.
Hence a mean of the creep obtained durihg the last three

nminutes was taken.

As the small wheel motor was acting as a generator and
was constantly supplylng current to the bank of resistors,
‘the resistors were gettlng overheated Therefore a cooling
fan was installed to constantly cool the resistors. Also,
hlgh—powered cables were used to connect the resistors across

" the armature.
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The speed of the big motor was constant within one R.P.M.
for the entire set. ' ' ) : S

Test Résults:

'Allvof.thehtest7datacohtained isatahniateéuinohppendix B
and is also plotted in the form of graphs in Figures 14 throughk
26. It was 1nterest1ng to observe that for a constant load
and a constant coeff1c1ent of friction, the product of creep
and coeff1c1ent of friction remained falrly constant. For
the same 1oad, the constant 1ncreased w1th the 1ncrease 1n
coeff1c1ent of friction and for the same coeff1c1ent of
frlctlon, the’ constant 1ncreased Wlth the increase 1n load.
Therefore it appearsmthat,when~tWQ.wheelsm(or<for that matter
a wheel on a rail) rolls for an extended period of time with

‘a constant loadtand at a constant coefficient of friction,

. -the area of contact increases due to wear and the value of

creep generated decreases such that the product of area of

- contact times creep is always a‘constant

" Table 5. Calculatlon of Experimental Area of Contact -
' for New Surfaces

Area From True Width Width.From b True Area
Load Replica Bgp of Track b, Replica b, . _"T AT - ARK2
(1b.) (sq. inches) (inches) (inches) by (sq. inches)
240 .004684 .05687 .06181 .9200 .003965
498 .008955 .06350 .0850 .7470 .004997
748 ) .011167 .06340 : .094 .7382 .006087

998 - - .01642 .0790 . .11811  .6688 : .007346




Table 6.

Calculatlon of True Area of Contact

for Normal Load = 548 1b., . .
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Area From "True Wldth Wldth From bT True AreS
Repllca Ap of Track b Repllca b = g—“;AT ApK
Time (sq 1nches) (1nches) (1nches) lRV(sq 1nches)'
ftg For Coeff1c1ent of Frlctlon'=‘.15 -
60 0142 .0705 .119 - .5924 ° .004983
120 .01435 .0939 -.112 - .  .8383  ..01008
180 . '.014475 ~  .1032 .118  ° .8745  .01107
240 .01475 w1110 <119 .9327 - .01283
300 ©  .020025 .- 'J1192" 144" . .8277 . °.01385
' Forﬁéoefficiéﬂr of Frictidn = ;30
45 0141 .0894 .109  .8201  .00948
90  .0155 .1056 J123 - .8585. .01142
135 .015675 .1174 .126 .. .9317 . .01360 . .
165 .01585 .1201 4130 0092387 501352000 0
210 .016525 .1268 L0129 19829 L01596
270 .01845 1299 .138  .9413  .01634
For Coefficient of Friction = .40
30 .0148 .1030  .114 - .9035 .01210
75 .0151 .1120 w118  .9491  .01360
120 .01525 .1215 .122 .9959  .01524
165  .015375 L1272 .123 1.0341  .01644
210 .017675 - .1336 .135 - .98962 .01731
For Coefficient of Friction = .46
30 .01502 .1070 S .115 .3304  ,01300
90 01522 -1135 116;': ; 9784 .01457
150 .01537 .1220 123 9918 . .10512
180,  .01565 .1305 . S .127 0 1. 02755 ,01652--
240 .017125° .1351 .135 - 1.00740 .01715.




Table 7. Calculation of True Area of Contact
for Normal Load = 748 1lb. ‘

-
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True Wi&tﬁ Width Frbmw. b

Area From ‘ ‘ ’ b, True Area
o _Rgpllca AR.Qf T;ack_bT‘Rep;lca bR K= F_:AAT = ARK'
Time . (sq. inches) (inches) = (inches) (sqg. inches)
For. Coefficientuof Friction.= .15
45 .01537 .0689 .112 .6151  .00581
90 01587 .0842 .114 .7385  .00866
135, .0160 .0963 117 . .8230 . .01083
180 . .0162 . 1035 .122 . .8483  .011659
225 . .01665 .1123 .124 .9056  .01365
270 .01815. . .1179 .129. .9139 . .01516
For Coefficieqt'of Friction = .30
45 .01580 .0997 .115 .8669  .01187
90 .01605 " .1126 .117 .9623  .01486
135 .0165 .1254 .126 9952 01624
180 .01775 .1396 .140 .9971  .01764
225 .01872 .1458 .146 ©.9986 .01867 .
270 0.0201 .1507 .150 1.00466 .02031
For Coefficient of Friction = .40
60  .016125 .1061 117 .9068  .01326
120 .01774 .1305 .137 .9525  .01610
180 .018125 .1416 .143 .9902  .01777
240 .01875 -~ .1472 ©.145 ' 1.0151  .01932
| \ \
For Coefficient of Friction = .46
45 .01667 .1090 .119 .9159  .01399
135 .01775 1357, .139 .9762  .01691
165 .01855 . .1423. .145 .9813  .01786
210 .01865 .1502 .153 .9816  .01797
255 .0192 .1545 .157 .9840 . .01859
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Table 8. Calculation of True Area of Contact
: for Normal Load = 1000 1b.

“ "Area.From . True Width Width From' .qb&f,?rue Area
Replica A.  of Track b, Replica b, K = L A, = A K’

o Replica Ag  of Track b, Replica bp K by T R

Time (sq. inches) (inches) (inches) . (sq. inches)

,"Fdr;Coeffigienfﬂdf,Friqtién %..IS o

45 .01732 - .0936 .119 . .7865 - .010718

90 © 01760 ° .1033 " - .124 .8330. .012214
135  .01810 .1067 .127  .8401 ' . .01267
180  .01877 - - .1144 ©.134 - .8537° - .01368
225 - .01927 - .1199 - .137  .8751  .01476

1270 ..01962 .1224 © .141 .8680 .01478

For_Cbefficient of Friction = .30

45 . .01847 - . .1136 130 .8738 . 01410

90  .01975 .1190 .132 . .9015  .01605
135  .02082  .1300 .143 .9090  .01721
180 .02122 1406 .150 .9373  .01864
225 . . .02155 1446 .154 .9389  .01899 .

270 .022625 . .1516 .161 ©.9416 .02006
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A

CONCLUSIONS AND RECOMMENDATIéNS -

- Discussion of Conclusions and Generalized Relations

The Friction-Creep Test Rig was designed to simulate
road conditions in the laboratory. To dupliéafé the
phenomeha which occur in service, approximately the same
Hertz contact stress level (200.000 psi), an elliptical
contact area proportional to the actual and similar wheel
and rail materials have been utilized for the tests.

- Under these stresses the wheels experience considerable
wear as they roll. This wear takes piace during the
first hours of running and after this period the rate of
wear is considerably reduced. As a consequence of the
wear, the area of cohtact is chéngéd from an ellipse %GT
a rectangle, and for all practical purpoées;théiéﬁuﬁtiahs
corresponding to a cylindrical wheel can be-applied.

lNof only' the shape of the area of contact is changed but
also the roughness of the surface is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>