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I. INTRODUCTION AMD PURPOSE

The program described in th is  report and .its constituent subroutines 

were developed to calculate the geometry of the contact patch together with 

the linear creep coeffic ients that characterize the shear or fr ic t io n a l 

forces acting between a railway wheel ro llin g  over a ra il or ro lle r.

The other Users' Manuals developed under th is contract describe 

computer programs dealing with the creep forces between wheels and r a i ls  

[1,2]. The programs described in these other Users' Manuals are F0RTRAN 

versions of ALG0L programs developed by Professor J. J. Kalker. The f ir s t ,

[1], implements Professor Kalker's sim plified  theory of ro llin g  contact [3]. 

The second, [2], implements his complete theory of ro llin g  contact [4].

Both theories are for nonlinear creep force-creepage characteristics. This 

manual, however, describes the program needed to calculate the linear creep 

coe ffic ien ts that characterize linear creep force-creepaoe re lationsh ips.

The program has been written to f i r s t  solve the Hertzian contact 

problem [5]. Then the linear creep coeffic ients are calculated usina the 

linearized theory of creep developed by Kalker [4,6].

I I .  METHOD

The program consists of two parts.

1) Calculation of the Contact Patch Geometry and the Maximum Stresses. The 

ca lcu lation  of the contact patch geometry and the maximum stress is  based 

on the Hertzian theory of contact. The mathematical basis for the 

formulation and the procedure for the calcu lation of the contact patch 

geometry is  described in detail in [5, 6 , 7]. The procedure is  b r ie fly  

described here and a sample calcu lation  is  a lso  shown below.
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The normal force of contact between two contacting surfaces, their  

longitudinal and transverse rad ii of curvature, and the e la st ic  properties 

of eac.h of the bodies in contact are required in the form of input data 

for the calculation of the contact patch parameters. In [5], Timoshenko 

defines the semi axes of the contact e llip se  as:

a' = m ( 3 ttP / 4 ) (k1+k2 )/(A+B)} 1 / 3  (1)

and

b' = n (3ttP/4)(k i+k2 )/(A+B)} 1 / 3  (2)

where P is  the normal load across the contact area

ki = (1 - v 2 )/(*E l ) (3)

k2 = (1 - v2 ) / ( ttE2) (4)

vl5 x>2 are the values of Po isson 's ra tio  and E l5 E2 are the moduli 

of e la s t ic ity  of bodies 1 and 2 respectively. The constantsmandn depend 

on 0 and are obtained from a table in '[5], where cos0 = |B-A|/(A+B).

The parameters A+B and B-A are given by the relationsh ips

A+B = (0.5){1/R1+1/Ri+1/R2+1/R2) (5)

and B-A = (0 . 5 ) { ( l / R 1- l / R i ) 2+ (l/R 2- l / R i ) 2+2 ( l/R 1- l / R i ) ( l / R 2-l/R^)cos Z $ / Z (6 )

where 1/Ri, 1/R{ are the principal curvatures of body 1 at the point of 

contact.

1/R2, 1/R2 are the principal curvatures of body 2 at the point of 

contact.

ip is  the angle between the normal planes containing 1/Ri and 1/R2

In [5] > the table given for the constants m and n as a function of 0

extends from ©■ = 30° to 0 = 90°. However, as the value of 0 may range
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from 0° to 90°, the table has been extended in the program to run from 

0 = 0° to e = 90°. Values for 0 from 0° to 30° are given in [8 ].

From the tables given in [5, 8 ], i t  is  noted that m > n for a ll values 

of 0 between 0° and 90°. Hence from eauations (1) and (2) 

a 1 > b 1

The particu lar orientation of the contact e llip se  re lative  to the

contacting surfaces is  not discussed in [5]. Knowledge of th is  orientation

is  essential for calculation of the creep coeffic ients. The procedure

for find ing the orientation is  discussed below.

The principal rad ii of curvature and the angle ip are defined in

re lation  to the wheel/rail contact problem in Figure 1. Considering

the wheel as body 1 and the r a il as body 2 , then

Rx is  the principal ro llin o  radius of the wheel

R{ is  the principal transverse p ro file  radius of the wheel

R2 is  the principal longitudinal radius of the ra il or ro lle r

R2 is  the principal transverse p ro file  radius of the ra il head or 

the ro lle r  head.

Equations (1) and (2) have been developed using a fixed sign convention 

for the rad ii of curvature Rls R {, R2 and R2. As stated in [5] and shown in 

Figure 2, these are positive i f  the center of curvature at that point l ie s  

inside the body and negative i f  the center of curvature l ie s  outside the body.

The angle ip -  0 and cos 2 - 1 as the yaw angle of the axle centerline

with respect to the track centerline is  at the most 1 or 2 degrees. A further 

discussion of th is  can be found in [9]. Equation (6 ) then reduces to

B-A = (0.5) { l/R x -l/R i+ l/R z -l/R ^ } (7)

The calcu lation procedure for the creep coeffic ients requires that 

the dimensions be specified for axes of the contact e llip se  in the
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direction of ro llin g  and transverse to the direction of ro llin g  As

indicated in [4, 7], when

O/R1+I/R2 ) > (I/R1+I/R2 )
then the transverse semi-axis of the contact e llip se  is  greater than or 

equal to the longitudinal semi-axis; i.e.

AL0NG = b' = longitudinal (minor) semi-axis 

BTRANS = a' = transverse (major) semi-axis 

Conversely, i f

O/R1+I/R2 ) < (I/R1+I/R2 )
then the transverse semi-axis i s  le ss than or equal to the longitudinal 

semi-axis; i.e . ,

AL0NG = a' = longitudinal (major) semi-axis 

BTRANS = b 1 = transverse (minor) semi-axis 

AL0NG and BTRANS are also the F0RTRAN symbols used in the program.

The maximum pressure at the contact e llip se  is  defined as

qo = (3/2) (P A a ‘ b1) (8 )

where P, a' and b 1 are as defined previously.

The average normal stress at any point can be e a sily  calculated.

The average normal stress is  defined as

a = - q z Mo

and the maximum shear stress for a Po isson 's ra tio  of 0.3 is

t -  0.31 q„ max ^0

The value of tmax

Poisson 's ra tio  of 0.3.

(9)

calculated in the program is  va lid  only for a

However, since the procedure required to calcu late

^ F o r  the problem of a railway wheel ro llin g  or a r a il or a ro lle r ,  i t  
can be shown that the major and minor axes of the contact e llip se  are 
very nearly in the direction of ro llin g  and transverse to the direction  
of ro llin g  or vice versa.
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the exact value of the shear stress is  a fa ir ly  involved one, i t  

is  fe lt  that th is approximate value of Tmgx gives a nood estimate of the 

actual shear stress for materials used in the construction of railway 

r a i ls  and wheels.

A table giv ing the F0RTRAN equivalents of the symbols used previously 

to define the various variables involved in the calcu lation  of the contact 

geometry is  given in Table 1.

a) Sample Ca lcu lations.

A sample calcu lation is  illu stra ted  below for the same case as 

sample computer run, Problem (1). This is  the case of a moderately worn 

AAR wheel on a new ra il.  The input data are as follows.

Ro lling radius of the wheel, r = 1.3690 f t

Principal transverse or p ro file  radius of wheel, R{ = -1.6487 f t

Principal longitudinal r a il radius, R2 = 00

Principal transverse or p ro file  radius of r a i l ,  R2 = 0.24088 f t

Wheel load, P = 11080 lb .

Po isson 's ra tio  for wheel, vi = 0.24

Poisson 's ra tio  for r a i l ,  v2 = 0.24

Modulus of E la s t ic ity  for wheel Ex = 30 x 106 psi

Modulus of E la s t ic ity  for r a i l ,  E2 = 30 x 106 psi

Contact angle, 6 = 0.0 radians

Although the actual contact angle is  not zero, i t  is. used only in 

the calculation of the principal ro llin g  radius. The ro llin g  radius, 

r = 1.3690 f t ,  i s  for th is  problem actually the principal ro llin g  radius, R: . 

Then usina equations (5) and (7)

A+B = (0 .5 )[(1 /1 .3690)- (1/1.6487) + 0 +(1/0.24088)] = 2.1376 f t -1 

= 0.17813 in -1

5



and

B-A = (0 .5 )[(1 /1 .3690 + 1/1.6487 - 1/0.24088)] = -1.4072 f t  

= -0.1172 in " 1 ,

The argument for m and n is  then e = cos-1  (1.4072/2.1376) = 48.82 deg. 

Using tables in [5], and interpolating

m(48.82) = {m(50) - m(45)}{(48.82 - 45)/(50-45)} + m(45)

= (1.754 - 1.926){(3.82)/5} + 1.926 = 1.7945 

n(48.82) = {n(50)-n(45) H 48.82-45)/(40-45).} + n(45).

= (0.641-0.604){(3.82)/5} + 0.604 = 0.6323 

From eouations (3) and (4)

ki = k2 = ( l- (0 .2 4 )2) / { ( tt) (30 x 106)1 = 9.9992 x 10" 9 (p s i ) " 1

Substitutina these values into equations (1) and (2)

a 1 = 1.7945 {(3) ( tt/ 4 )  (11080)(2)(9.9992 x 10“9)/(0.17813)}1/3 = 0.2568 in 

and

b' = 0.6323 {(3 ) (tt/ 4 ) (11080)(2)(9.9990 x 10“9)/(0.17813)}1/3 = 0.09048 in 

Now

(1/Ri + 1/R2) = (1/1.3690 + 0) = 0.73046 

and

(1/Ri + 1/R£) = (-1/1.6487 + 1/0.24088) = 3.5449

Hence

(I/R2 + 1/Ri) > (1/Ri + I/R2)
Therefore, AL0NG = a 1 = 0.2568 in, and BTRANS = b 1 = 0.09048 in.

The maximum contact pressure is  determined from equation (10) as 

q0 = (3/2) (11080)/{(tt)' (0.2568) (0.09048)} = 0.22768 x 106 psi 

and the maximum shear stress is  determined from equation ( 1 1 ) as 

t „ = 0.31 q = (0.31) (0.22768 x 106) = 0.70582 x 105 psi 

The ratio AL0NO/BTRANS is  then

AL0NG/BTRANS = (0.2568/0.09048) = 2.838 

and the contact area is

Area = it ab = (tt) (0.2568)(0.09048) = 0.072995 in 2

6



b) Results

V

H

These resu lts d iffe r  s l ig h t ly  from those calculated with the program 

for Problem (1) due to round-off. Summarizing, the resu lts are

A+B = 2.1376 f t " 1 AL0NG = 0.2568 in

B-A = -1.4072 f t -1 BTRANS = 0.09048 in

6 = 48.82 deg Area = 0.072995 in 2

m = 1.7945 AL0NG/BTRANS = 2.838

n = 0.6323 -O O

ii 0.22768 x 106 psi

Tmax 0.70582 x 105 psi

2) Calculation of the Linear Creep Coe ffic ien ts: The linear creep

coeffic ients are determined on the basis of Kalker's linear theory of creep. 

The de ta ils  of th is  formulation can be found in [4, 6]. The procedure for 

the calcu lation of the linear creep coeffic ients is  b r ie fly  described here 

and a sample ca lcu lation  is  shown.

The e la st ic  moduli of the two bodies, the values of Poisson 's ratio  

and the dimensions of the contact patch are needed as input data for the 

calcu lation  of the linear creep coefficients. In [4, 6] Kalker defines 

the linear creepages as

Fx = c2 G c n  vx . .. ( 1 2 ).

Fy = c2 GC2 2 Vy + C 3 GC23<t> (13)

and

Mz = - c 3 RC23 vy + c^RC 3 3 <f> (14)

where F is  the longitudinal creep force
A

Fy is  the latera l creep force 

Mz is  the creep moment

7



v is  the longitudinal creepageA
Vy is  the latera l creepage 

$ is  the spin creepage

Cn  is  the nondimensional longitudinal creep coeffic ien t 

C22 is  the nondimensional latera l creep coe ffic ien t  

C2 3 is  the nondimensional lateral spin creep coe ffic ien t

C33 is  the nondimensional spin creep coe ffic ien t  

G is  the combined modulus of r ig id ity  and is  defined as

G 2
"Cl/Gi + 1/G2) (15)

where Gls G2 are the shear moduli of bodies 1 and 2 respectively, 

and c is  defined as

c = /a b

where a and b are the semi axes of the contact e llip se  in direction of 

ro llin g  and transverse to direction of ro llin g ,  respectively.

Equations (12), (13), and (14) can be rewritten as

F = f  3 3 vx x

Fy = fll Vy +
Mz = fl2 Vy + f22<f>

where f u  = c2 GC22 and is  the latera l creep coe ffic ien t

12 = c 3 GC23 and is  the latera l spin creep coe ffic ien t

f 22 = c4 GC33 and is  the spin creep coeffic ient 

f 33 = c2 GCn and is  the longitudinal creep coeffic ient.

Cn, C22, C23, and C33 are tabulated in [4, 6] for different values of the

a/b ratio and for cr, the combined Poisson's ratio, where a is defined as

a = (G/2) {v!/G1 + v 2/G2 ) (16)

( 12a)

(13a)

(14a)

8



a) Sample Calculations

The linear creep coeffic ients may be calculated for the problem 

considered previously. The tables of . lis te d  in [4, 6] are for values 

of a of 0, 1/4, and 1/2. For each value of a, values of the C-. are 

given for 0.1 < a/b < 10. These values are lis te d  in a two part table.

The f i r s t  part i s  for 0.1 < a/b < 0 .9  while the second part is  for

0.1 < b/a < 1 .0 . For values of a/b > 11.0 (b/a < 0.091), asymptotic 

expansions may be used to calculate the C...
* J

The calcu lation  of the values for the C-. is  implemented in the* vJ
subroutine C0NST. This subroutine uses linear and quadratic interpolation

for values of a and a/b within the range of the tables and asymptotic

expansions for the C.. outside the range of the tables.* 0
For our previous problem, equations (15) and (16) may-be used to 

obtain a = 0.24 and G = 12 x 106 psi. A lso, a/b = 2.838 or b/a = 0.3524. 

Thus, interpolation from the tables [ 6] gives

C n  = 5.8468 C22 = 5-8192 C23 = 3.6574 c 33 = 0.72518

and, thus, for c = (a b) T/2  = [(0.2568)(0.09048)]1/2 = 0.15243 in.

f n  = c2 G C22 = 0.0232 (12 x 106) (5.8192) = 1.6225 x 106 lb/wheel

f 12 = c 3 G C23 = (3.5417 x 10"3) (12 x 106)(3.6574)/12

= 1.2954 x 104 f t  lb/wheel

f 22 = c4 G C33 = (5.3987 X 10_tt)(12 x 106) (0.72518)/144 

= 32.625 lb  f t 2/wheel

f 33 = c2 G Cn  = .(0.0232)(12 x 106) (5.8468) = 1.6302 x 106 lb/wheel

9



b. Results:

Cii = 5.8468 f n  = 1.6225 x in 6 Ib/wheel

C22 = 5.8192 f 12 = 1.2954 x 101* Ib-ft/wheel

C2 3 = 3.6574 f 22 = 32.625 lb - f t 2 lb - f t 2/wheel

C33 = 0.72518 f 33 = 1.6302 x 106 Ib/wheel

A ll the calcu lations done here are in English units. For conversion 

from English to Metric un its, see Table 2.

I I I .  PROGRAM DESCRIPTION

1. Usage:

The usage of the program is  not restricted to the ana lysis of a 

wheel on a r a i l.  The program can be used to analyze a wheel on a 

ro lle r  or any other geometric shape, so long as the principal rad ii of 

curvature at the point of contact can be specified. Bodies constructed 

from different materials each having d ifferent but iso trop ic  e la st ic  

properties can also be analyzed. A flow chart of the program is  shown 

in Figure 3. Table 2 shows the F0RTRAN symbols corresponding to the 

algebraic symbols previously used.

The program consists of a main program and two subroutines. Input 

i s  coordinated through the main program. Output is  a lso  through the main 

program. A ll calcu lations are performed in single  precision. The main 

program reads in data pertaining to the e la st ic  and geometric properties of 

the two bodies in contact. I t  then proceeds to calculate the dimensions and 

shape of the contact patch in terms of parameters A+B, B-A, AL0NG, BTRANS,

1 0



THETA, M, and N. The parameters A+B and B-A are calculated using values 

of the principal curvatures of the two bodies at the contact point.

The parameter THETA depends on the ratio  of IB-AI to A+B and M and N are 

functions of THETA. Tabular data for M and N are stored in the data 

vectors VALM(I) and VALN(I), respectively. Values of M and N are obtained 

through linear interpolation using subroutine SLI. The interpolation  

is  terminated i f  the argument value specified by the input is  outside 

the range of the tables.

Subroutine C0NST calculates the nondimensional linear creep coe ffic ien ts  

using XNU and the contact patch dimensions, AL0NG and BTRANS (obtained from 

the main program). For ratios of AL0NG/BTRANS greater than 11, an 

asymptotic expansion is  used to calcu late the nondimensional linear creep 

coeffic ien ts but for ratios le ss than 11 but greater than 0 .1 , tabulated 

data is  used from [6]. The main program then calculates the average 

normal stre ss, the maximum normal pressure and the maximum shear stress  

in the contact patch together with the dimensional linear creep coe ffic ien ts  

(using the nondimensional creep coeffic ien ts from C0NST).

2. Subroutines required:

SUBR0UTINE C0NST (A, B, XNU, Cl 1, C22, C23, C33) calculates the 

nondimensional linear creep coeffic ients Cl 1, C22, C23, C33. I t  uses 

the semiaxes of the contact e llip se , A, B, (AL0NG, BTRANS) and the constant 

XNU as input. The constant XNU is  dependent on the moduli of r ig id it y  of 

the two contacting bodies and their respective values of Po isson 's ra tios.
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The subroutine outputs the nondimensional creep coeffic ients C l l ,  C22,

C23, and C33. For A/B ratios le ss than 11 but greater than 0.1 the sub

routine uses tabulated data from Kalker's linearized creep formulation 

to obtain the nondimensional creep coeffic ien ts. For ra tio s of A/B > 11, 

the subroutine uses an asymptotic expansion to calculate the creep coeffic ients.

SUBROUTINE SLI (X, ARG, VAL, Y, NDIM, IER) is  a subroutine used to 

interpolate a function value for a given argument value using a table o f 

argument and function values. The main program provides the argument value 

X specified by input, the input vector of argument values, ARG, and the input 

vector of function values, VAL, as input to the subroutine. NDIM is  an 

input parameter that l i s t s  the number of pairs of points in the table (ARG, 

VAL). The subroutine outputs the resu ltin g  interpolated function value Y. A 

stra igh t line  interpolation is  used that is  terminated i f  the argument value 

is  outside the range of values given in the table. In the case where the 

argument value is  outside the range of the table, the subroutine outputs an 

error parameter IER = 1 s ign ify in g  the above condition. IER = 6 when the 

argument value is  within the range of the table.

3. Parameter Description:

Input parameters:

RINV 1/wheel p ro file  radius 1/ f t

RPINV 1/ra il head p ro file  radius 1/ f t

SMR Wheel ro llin g  radius f t

R0LRI 1/roTler radius (= 0 for actual r a i l )  1 /ft

DELP Increment in normal load on contact patch lbs

P Normal load on contact patch lbs

El Young's Modulus for r a il psi

1 2



E2 Young's Modulus for wheel psi

XNU1 Poisson's ratio for rail

XNU2 Poisson's ratio for wheel

G1 Shear Modulus for rail psi

G2 Shear Modulus for wheel psi

CTANGL Angle between axle centerline and contact 
plane of wheel and rail.

radians

PMAX Maximum value of P for which contact patch 
parameters are required.

lbs

4. Input Formats: The wheel profile curvatures, the railhead profile

curvatures, the wheel rolling radius, the roller curvature, the normal load 

on the contact patch and the elastic properties of the wheel and the rail 

or roller are input to the program. The format required for input into the 

main program is as follows.

Card # Col. # Input Parameter Format

1 1 - 14 RINV 5 E 14.5

15 - 28 RPINV

29 - 42 SMR

43 - 56 P

57 - 70 DELP

2 1 - 14 R0LRI E 14.5

3 1 - 14 PMAX E 14.5

4 1 - 14 XNU1 3 E 14.5

15 - 28 El

29 - 42 G1

5 1 - 14 XNU2 3 E 14.5

15 - 28 E2

29 - 42 G2

6 T - 14 CTANGL E 14.5

13



5. Output Parameters: A sample output is given in the Appendix. The

main program first prints out the input parameters undef* the heading 

INPUT DATA. The contact geometry parameters, A+B, B-A, AL0NG, BTRANS, and 

A/B are then printed out along with the constants M and N. Values for the 

contact area, the normal load and the average and maximum stresses are also 

given. Finally the program prints out the nondimensional creep coefficients 

(Cl 1, C22, C23, and C33) and the linear, dimensional creep coefficients 

(FI 1, FI2, F22, F33).

The output parameters are defined as follows.

AL0NG

BTRANS

A+B

B-A

A/B

Cll
C22

C23

C33

Fll

F12

F22

F33

M
N

P
THETA

Semi axis of contact ellipse in direction of rolling

Semi axis of contact ellipse transverse to direction 
of rolling

Constant depending on the principal radii of curvature

Constant depending on the principal radii of curvature

Ratio of the longitudinal and transverse axes of the 
contact ellipse

Non-dimensional longitudinal creep coefficient 
Non-dimensional lateral creep coefficient 
Non-dimensional lateral spin creep coefficient 

Non-dimensional spin creep coefficient 

Linear lateral creep coefficient 
Linear lateral spin creep coefficient 

Linear spin creep coefficient 

Linear longitudinal creep coefficient 
Constant, depending on THETA 
Constant, depending on THETA 

Wheel load normal to Contact patch 

Constant, depending on ratio of |B-A| to (A+B)

in
in

1 /ft 
1/ft

lb/wheel 
lb-ft wheel 
lb-ft2/wheel 

lb/wheel

lb

radians

6. User Requirements and Recommendations

The program requires the input data to be on cards. The format for 

the input is given above. Care should be taken in assigning values
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for the curvatures of the wheel and the rail. The convention followed 

for assigning positive or negative values to the curvatures is dependent 

on whether the center of curvature lies inside or outside the body (see 

Figures 1 and 2). Positive values are assigned to those curvatures whose 

centers lie inside the body and negative values to those whose centers 

lie outside the body. All inputs to the program are in English units 

For conversion of the output to metric units, refer to Table 2.

The wheel rolling radius SMR is required as one of the inputs to the 

program. The wheel rolling radius SMR is perpendicular to the axle 

centerline and is measured from the axle centerline to the contact point 

between wheel and rail (see Figure 2). The program also requires that the 

contact angle be provided. The program then proceeds to calculate the 

principal value of the wheel rolling radius. If, however, SMR is input 

as a principal rolling radius, then the contact angle, CTANGL, is equal 

to zero. If CTANGL is not set equal to zero, the program will recalculate 

a principal value of the wheel rolling radius leading to erroneous results. 

The other curvatures (RINV, RPINV, and R0LRI) are input into the program 

as principal curvatures. The program has the capability to determine 

the creep coefficients and the contact patch geometry for a number of 

different loadings in one execution. The user has to specify the increment 

in load, DELP, and the maximum load, PMAX, for which data is desired. The 

program goes through successive loops to calculate the necessary data and 

finally terminates when P > PMAX.

IV. TEST PROBLEMS

The following test problems are given to demonstrate the 

program. The calculations were performed on a IBM 370/3165 - II computer.
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The CPU time for problem 1 was less than 3 secs, and for problem 2 was less than 

4 sec. Results and sample outputs for these programs are given in the Appendix.

Problem (1)

Profiles: - Moderately worn AAR wheel

New AAR Rail

Wheel Radii - Transverse profile - - 1.6487 ft.

Rolling - 1.36904 ft.

Rail Radii: - Transverse profile -

COCOoC
Mo

ft.

Longitudinal - 00

Normal Load: - 11080.0 lbs.

Maximum Load: - 11080.0 lbs.

Load Increment: - 0.0 lbs.

Contact Angle - 0.0 radians

Problem (2)

Profiles: New 33" wheel
Roller, new rail profile

Wheel Radii: - Transverse profile 00

Rolling 1.375 ft.

Roller Radii: - Transverse profile. 0.31927 ft.

Longitudinal 1.75 ft.

Normal Load: - 11080.0 lbs.

Maximum Load: -
14860.0 lbs.

Load Increment: - 1890.0 lbs.

Contact Angle - 0.0693 radian

Results and sample outputs of these sample problems are given in the 

Appendix.
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PROGRAM LISTING WITH INPUTS AND OUTPUTS FOR TEST PROBLEMS

1. Program Listing

VI. APPENDIX
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FORTRAN IV G1 RELEASE 2.0 MAIN OATE = 79052 17/28/14 PAGE 0002
c 00000620
C REDEFINE WHEEL ROLLING RADIUS AS PRINCIPAL RADIUS 00000630
c •00C0O64C

0C20 SMR=SMR/COS(CFANGL) 00000650
0021 WRITE!IWT,2001) SMR C0CC066C
0022 APB = -0.5*1 ( 1. /SMR ) + R1NV ♦ RPINV + ROLRI) G0G00670
C023 8MA = 0. 5*ABS( (1./SMR) -  RINV -  RPINV + ROLRI) 00CC0680
0024 COST = BMA/AP8 00C00690
0025 THETA = ARCOS (COST) * 57.3 00000700
0026 DO 15 1=1,13 00000710
0027 AI = 1 00000720
0028 K=I+10 00000730
0029 15 ARG(K) = 25.+ (5.*AI> 00000740
0030 CALL SLI( THETA,ARG.VALM.XM,23, IERM1 00000750
0031 CALL SLI( THETA.ARG,VALN,XN,23,IERN) C0000760
0032 1000 CONTINUE 00000770
003 3 TERM = C.75*3. 14159*P*(XK1+XK2)/ (APB/12. ) 00000780

C CCCG079C
c ALONG AND BTRANS ARE IN INCHES, AREA IN INCHES**2 0C0C08C0
c UUw OuW 1 U

0034 I F l ( ( l./SMR) + ROLRI) -  (RPINV + RINV)) 4000,4000,4005 00000820
c NOTE IF (l./SMR) + ROLRI > RPINV + RINV, THEN BTRANS2AL0NG C00C0830
c IF (l./SMR) + ROLRI < RPINV + RINV, THEN BTRANS < ALONG 0CC0084O

0035 4000 ALONG = XM*(TERM**(l./3. ) ) 00000850
0036 BTRANS = XN*( TERM**! 1. /3. ) ) C0000860
0037 GO TO 4010 00000870
0038 4005 ALONG = XN*!TERM**(l./3. ) ) G G o00880
0039 BTRANS = XM*(TERM**!1. /3. )) 00000890
0040 4010 CONTINUE 00000900
0041 AREA = 3. 14159*ALONG*BTRANS 00000910
C042 AVGBST = P/AREA 00000920

C MAX CONTACT PRESSURE = QO, MAX SHEAR STRESS = 0. 31*00 000009 30
c CCC0C94C

0043 00 = 1. 5*P/(3. 1416*AL0NG*BTRANS> 00000950
0044 TAUMAX = 0. 31*Q0 CC00096C
0045 AOVERB = AL0NG/8TRANS 00000970
0046 WRITE ( IWT,2004) 000C-C98G
0047 WRITE!3,2005)P,APB,BMA, THETA,XM.XN,ALONG,BTRANS,AREA,AVGBST, 0000C9901L AOVERB OCOOIOOO
0048 WRITE ( IWT,2006)00, TAUMAX co.: ci cio
CC49 IF(KK-0)2025, 2020,2025 C0001020
0050 2020 CALL CONST !ALONG, BTRANS,XNU,C11,C22,C23,C33 ) COOC10 30
0051 KK=1 00001040
GO 52 2025 CONTINUE 00001050
0C53 C = SORT!ALONG*BTRANS) COCO 1060

C F11 IN LB/WHEEL, LATERAL C0001070
C F12 IN LBFT/WHEEL, LAT-SPIN oo: GIG 80
C F22 IN LBFT2/WHEEL, SPIN 00001090
C F3 3 IN LB/WHEEL, LONG. 00001100

0054 FU = C*C*G*C22 00001110
OC 5 5 F12 = C*C*C*G*C23/12. 00001120
0056 F22 = C*C*C*C*G*C33/144. 00001130
0057 F33 = C*C *G*C11 COCO 1140
0058 WRITE (IWT,2010) Cl 1 ,C22 , C23 ,C33 , F 11, F12, F22, F33v OGOC115C
0059 P = P + OELP 00001160
0060 IF (P-PMAX) 1000, 1000,1005 00001170
0061 1005 GO TO 3000 CGCC118C
0062 2001 FORMAT!/ ,T16,'PRINCIPAL ROLLING RADIUS OF WHEEL = ' ,E14. 5, '  FT', 00001190
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FORTRAN
0063
0064
0065 
CC66

0067CC68

0069

0070
0071

0072
0073
0074

IV G1 RELEASE 2.0 MAIN DATE = 79052 17/28/14 PAGE 0003
1//)
1 FORMAT (5E14. 5)
2 FORMAT (3E14. 5)
3 FORMAT (E14. 5)

2000 FORMAT(1H1,///,40X,'INPUT DATA*//

0 0 00 120 0
0 0 0 0 1 2 1 0
0 0 0 0 12 2 0
00001230
00001240

1 1H0, 15X,'RINV = • ,E14. 5, ' 1/WHEEL PROFILE RADIUS, l/FT'/ 00001250
2 1H , 15X,'SMR = ' , E14. 5, • WHEEL ROLLING RADIUS, FT'/ 00001260
3 1H , 15X,'RPINV = •,E14.5, • 1/RAIL HEAD PROFILE RADIUS, 1/FT' /00001270
4 1H , 15X, ' ROLRI = ' ,E14. 5, ' 1/ROLLER RADIUS, 1/FT'/ OCOO12805 1H , 15X,'XNU1 = ' , £ 14. 5, ' POISSON RATIO, RAIL'/ 00001290
6 1H , 15X,•El = •,El4. 5,1 YOUNG S MOD RAIL, PSI'/ . 00001300
7 1H , 15X y1G1 = ' ,E14.5 , ' SHEAR MOD RAIL, PSI'/ 00001310
8 1H <15X,' XNU2 = ■,E14. 5, • POISSON RATIO, WHEEL'/ 00001320
9 1H , 15X,'E2 = • ,E14.5, • YOUNG S MOD WHEEL, PSI'/ 000013308 1H , 15X,'G2 = ■ , E14.5 ,• SHEAR MOD WHEEL, PSI'/ 00001340
7 1H , 15X ,' CTANGL •.E14. 5, ' CONTACT ANGLE,RAD ',///) 000013502004 FORMAT(1H0. •**4************************************************•

2005 F0RMATI20X,'CONTACT GEOMETRY PARAMETERS P = ' . E 14. 5,
’ LB (WHEEL LOAD NORMAL TO CONTACT PATCH)'//
1H0*l5Xf•A+B = ' , £ 14. 5, '  1/FT', '
■ THETA = •,E14.5/
1H , 15X,*M = •,E14. 5, '
1H , 15X . ' ALONG = ' . E 14. 5, '
1H ,15X,'AREA = » ,E14. 5, '  IN2 
• PSI • A/B = •.E14. 5///I 

2006. FORMAT (20X, • MAX IMUM CONTACT STRESSES,',
1 // , T17,•MAX CONTACT PRESSURE = ' ,
2 E14. 5,* PSI, MAX SHEAR STRESS = »,E14. 5, '  PSI'//)

2007 FORMAT (1H0,T16, ' AVG SHEAR MOD,',T40, 'G . = ' ,E 14. 5, '  PSI'/

B-A = *,E14. 5, '  1/FT',

N = ' ,E14. 5///
BTRANS = 1,E14. 5, '  INCHES'/ 
• AVG.NORM STRESS = » ,E14.

/)00001360 
00001370 
00001380 
00001390 
00001400 
OOCO1410 
00001420 

5,00001430 
00001440 
00001450 
00001460 
00001470 
00001480

1 1H , T16,•AVG POISSON1 S RATIO,',T40,'XNU = *,E14. 5//) 00001490
> F0RMAT(20X,'CREEP PARAMETERS' // 00001500
1 1H0, 15X,'C11.= ' , E14. 5,• C22 = ' ,E14. 5, ' C23 = ' . E 14. 5, . 00001510
2 • C33 = ' , E14. 5// 00001520
3 1H , 15X, ' F ll = •,E14.5, * LB/WHEEL, LATERAL'/ 00001530
4 1H. , 15X ,'F12 = •,E14. 5,• LB-FT/WHEEL, LAT-SPIN'/ 00001540
5 1H , 15X, ' F22 = ' , E14. 5, • LB-FT2/WHEEL, SPIN'/ 00001550
6 1H ,15X,'F33 = •,E14. 5, • L8/WHEEL, LONGITUDINAL’ //) 00001560

5052 FORMAT (20X,'ERROR CODES FOR SLI4, 0=OK ' ,  4( 12, ' , ' ) )  
5000 STOP 

END

00001570
00001580
00001590
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FORTRAN IV Gi RELEASE 2.0 MAIN OATE = 79052 17/28/14 PAGE 0001
C ******************************************************************0000 1600
C 00001610
C SUBROUTINE SLI 00001620
C 00001630
C 00C01640
C PURPOSE 00001650
c TO INTERPOLATE FUNCTION VALUE Y FOR GIVEN ARGUMENT VALUE X 00001660
c USING GIVEN TABLE (ARG,VAL) OF ARGUMENT AND FUNCTION VALUES 00001670
c 00001680
c PARAMETERS 00001690
c X -  ARGUMENT VALUE SPECIFIED BY INPUT 00001700
c ARG -  INPUT VECTOR OF ARGUMENT VALUES (OIMENSION NOIM) 00001710
c VAL -  INPUT VECTOR OF FUNCTION VALUES (OIMENSION NDIM) 00001720
c Y -  RESULTING INTERPOLATED FUNCTION VALUE 00001730
c NDIM -  INPUT VALUE, NO OF POINTS IN TABLE (ARG,VAL) 00001740
c IER -  ERROR PARAMETER 00001750
c 00001760
c REMARKS 00001770
c ( 1) TABLE( ARG,VAL) SHOULD BE STORED SUCH THAT ARG( I+ l) -ARG( I ) 00001780
c IS POSITIVE 00001790
c (2) INTERPOLATION IS TERMINATED IF X IS OUTSIDE RANGE 00001800
c ( ARG( 1) , ARG(NDIM)).  IER = 1 IN THIS CASE. IF X IS WITHIN 00001810 .
c THE ARG RANGE, IER = 0. 00001820
c 00001830
c METHOD -  STRAIGHT LINE INTERPOLATION 00001840
c 00001850
c ******************************************************************00001860
c 00001870

0001 SUBROUTINE SLI( X,ARG,VAL, Y,NDIM, IER) 00001880
0002 DIMENSION ARG(NDIM),VAL(NDIM) 00001890
000 3 IER = 0 00001900
0004 J = 0 00001910
0005 IF ( (X.LT.ARGI1) ) .OR.( X.GT.ARG(NDIM))) GO TO 40 00001920
0006 DO 10 I = 1, NDIM 00001930
CC07 IF ( X-ARG( I )) 20,20,10 00001940
0008 20 J = I 00001950
0009 GO TO 30 00001960
CC10 10 CONTINUE 00001970
0011 30 IF (X.EQ.ARGIJ)) GO TO 25 00001980
0012 Y = ((VAL(J)-VAL(J -1))/(ARG(J>-ARG(J-1>>)*(X-ARG(J-1)>«-VAL(J-1) 00001990
0013 GO TO 35 00002000
0014 25 Y = VAL(J) 00002010
0015 GO TO 35 00002020
0016 40 IER = 1 00002030

c IER = 1 REFERS TO CASE WHEN X IS NOT IN RANGE ARG(1) , ARG(NDIM) 00002040
0017 35 RETURN 00002050
0018 END 00002060
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2. Problem (1) Input and Output



INPUT DATA
RINV = -0.60650E+00SMR 0.13690E+01
RPINV = 0.41514E+01
ROLRI = 0.0
XNU 1 = 0.24000E+00
El = 0.30000E+08
G1 « . 0, 12000E+08
XNU2 = 0.24000E+00
E2 = 0.30000E *-08
G2 = 0.12000E+08
CT ANGL = 0.0

1/WHEEL PROFILE RADIUS, 1/FT
WHEEL ROLLING RADIUS, FT
1/RAIL HEAD PROFILE RADIUS, 1/FT
l/ROLLER RADIUS, 1/FT
POISSON RATIO, RAIL
YOUNG S MOD RAIL, PSI
SHEAR MOD RAIL, PSI
POISSON RATIO, WHEEL
YOUNG S MOD WHEEL, PSI
SHEAR MOD WHEEL, PSI
CONTACT ANGLE,RAD

AVG SHEAR MOD, G = 0.12000E+08 PSI
AVG POISSON S RATIO, XNU = 0.24000E+00

PRINCIPAL ROLLING RADIUS OF WHEEL = 0.13690E+01 FT

$$$*$$ ****** $6 6* **£#*&$*****$$**$
CONTACT GEOMETRY PARAMETERS P = 0.11080E*05 LB (WHEEL LOAD

A+B = 0.21377E+01 1/FT B-A = 0.14072E+01 1/FT THETA =
M = 0.17941E+01 N = 0.63237E+00

ALONG = 0.25675E+00 BTRANS = 0.90497E-01 INCHES
AREA = 0.72995E-01 IN2 AVG.NORM STRESS = 0.15179E+06 PSI

MAXIMUM CONTACT STRESSES,
MAX CONTACT PRESSURE = 0.22769E+06 PSI, MAX SHEAR STRESS

CREEP PARAMETERS

Cll = 0.58468E+01 C22 = 0.58192E+01 C23 = 0.36574E+01 C33 =
Fll F12 
F22 
F33

0.16225E+07 
0.12954E+05 
0.32625E+02 
O.16302E+07

LB/WHEEL, LATERAL 
LB-FT/WHEEL, LAT-SPIN 
LB-FT2/WHEEL, SPIN 
LB/WHEEL, LONGITUDINAL

NORMAL TO CONTACT PATCH) 

0.48834E+02

A/B = 0.28371E+01

0.7058 3E+05 PSI 

0.72518E+00



3. Problem (2) Input and Output
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INPUT DATA
RINV = 0.0
SMR = 0.13750E+01
RPINV = 0.31324E*01
ROLRI 0.571A0E*00
XNU1 = 0.24000E+0C
El = 0.30C00E *08
G1 = 0.12000E+08
XNU2 = 0.24000E+00
E2 = 0.30C0OE *08
G2 = 0.12000E+08
CTANGL= 0.69320E-01

1/WHEEL PROFILE RADIUS, l/FT
WHEEL ROLLING RADIUS, FT
l/RAIL HEAD PROFILE RADIUS, l/FT
1/ROLLER RADIUS, l/FT
POISSON RATIO, RAIL
YOUNG S MOO RAIL, PSI
SHEAR MOD RAIL, PSI
POISSON RATIO, WHEEL
YOUNG S MOD WHEEL, PSI
SHEAR MOD WHEEL, PSI
CONTACT ANGLE,RAD

AVG SHEAR MOD, G = 0.12000E+08 PSI
AVG POISSON S RATIO, XNU = 0.24000E+00

PRINCIPAL ROLLING RADIUS OF WHEEL = 0.13783E+01 FT

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

CONTACT GEOMETRY PARAMETERS P = 0.11080E+05 LB (WHEEL LOAD NORMAL TO CONTACT PATCH)

A+B = 0.22147E+01 l/FT B-A = 0.91774E+00 l/FT THETA = 0.65524E+02
M = 0.13682E+01 N 0.76350E+00

ALONG = 0.19350E+00 BTRANS = 0.10798E+00 INCHES
AREA = 0.65641E-01 IN2 AVG.NORM STRESS = 0•16880E+06 PSI A/B = 0•17919E+01

MAXIMUM CONTACT STRESSES,
MAX CONTACT PRESSURE = 0.25319E+06 PSI, MAX SHEAR STRESS = 0.78490E+05 PSI

CREEP PARAMETERS

Cll = 0.48657E+01 C22 = 0.46292E+01 C23 = 0.23659E+01 C33 = 0.87009E+00
F11
F12
F22
F33

0.11607E+07 
G.71456E*04 
0.31655.E+02 
0.12200E*07

LB/WHEEL, LATERAL 
LB-FT/WHEEL, LAT-SPIN 
L8-FT2/WHEEL, SPIN 
LB/WHEEL, LONGITUDINAL

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 « $ # $ $ * * 3 i c  *44444444444 4

P = 0.129701*05 LB (WHEEL LOAD NORMAL TO CONTACT PATCH)CONTACT GEOMETRY PARAMETERS



A + B = 0.22147E+01 1/FT B-A
M = 0.13682E+01 N

0.91774E+00 1/FT THETA = C.65524E+02
0.76350E+00

ALONG
AREA

0* 20393E+00 
0.729C8E-01 IN2

BTRANS = 0•l1380E+00 INCHES
AVG.NORM STRESS = 0.17790E+06 PSI A/B = 0.17919E+01

MAXIMUM CONTACT STRESSES*

MAX CONTACT PRESSURE = 0.26684E+06 PSI* MAX SHEAR STRESS = 0.82721E+05 PSI

CREEP PARAMETERS

Cli 0« 48657E + 0 1 C22 = 0.46292E+01 C23 C .23659E+01 C33 = 0.87009E+00
FllF12 
F 22 
F33

0. 1 2 8 9 2 E 0 7  
0.83644E+04 
0.39051E+02 
0 . 13550E+07

LB/WHEEL* LATERAL 
LB-FT/WHEEL, LAT-SPIN 
LB-FT2/hHEEL * SPIN 
LB/WHEEL* LONGITUDINAL

1

$**************************************************

CONTACT GEOMETRY PARAMETERS P = 0.14860E + 05 LB (WHEEL LOAD NORMAL TO CONTACT PATCH)

A +B = 0.22147E+01 1/FT B-A = 0 • 91774E+00 1/FT THETA = 0•65524E+02
M 0•13682E+01 N = C.76350E+00

ALONG = 0*21339E *00 BTRANS = 0.11908E+00 INCHES
AREA = 0•79829E-01 IN2 AVG.NORM STRESS = 0•18615E+06 PSI A/B = 0 • 17919E + 01

MAXIMUM CONTACT STRESSES,

MAX CONTACT PRESSURE = C.27922E+06 PSI, MAX SHEAR STRESS = C.86558E+05 PSI

CREEP PARAMETERS

Cll = 0.48657E+01 C22 = 0.46292E+01 C23 = 0.23659E+01 C33 0 • 87009E+00

Fll 
F 12 F22 
F 33

0.14116E+07 
0.95833E+04 
0.46817E+02 
0 • 14837E+07

LB/WHEEL, LATERAL 
LB-FT/WHEEL, LAT-SPIN 
LB-FT2/WHEEL, SPIN 
LB/WHEEL, LONGITUDINAL

29



TABLE 1. Equivalent Algebraic —  F0RTRAN Symbols

Algebraic Fortran

a

b

a/b

A+B

AL0NG

BTRANS

A/B

A+B

B-A B-A

Cn
C22
C23
C33
El
E2
fll
^12
f22
f33
S1
fi2
m
n

P
r

1/R{
1/R2
I/R2
e
6
vi
v2

Cll
C22

C23

C33

El

E2

FI 1

F12

F22

F33

G1

G2

M
N
P

SMR

RINV

R0LRI

RPINV

THETA

CTANGL

XNU1

XNU2

XNUa
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TABLE 2. Conversion Factors for English to Metric Units

To Convert To Multiply By

inches (in) meters (m) 0.0254

feet (ft) meters (m) 0. 3048

square inches (in2) square meters (m2) 0. 00064 52

pounds-force (lbf) Newtons (N) 4.44822

pounds force/sq inch 
(psi)

ki1onewtons/meter? 
(KN/m2)

6.894757

pounds force/sq foot 
(psf)

Newtons/meters2 
(N/m2), or Pascal (Pa)

47.880
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FIGURE. I Wheel and Rail Radii of Curvature
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^  If contact occurs in this region, sign of radius 
of curvature is as indicated.

FIGURE 2. Sign Convention for Radii oHF Curvature
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