
REPORT NO. FRA/ORD-82/36
£ £ *  7// V. S 3

ft♦

USER'S MANUAL FOR PROGRAM CONWHEEL
( C O N f o r m a l  W H E E L - r a i l  c o n t a c t  s t r e s s  p r e s s u r e s )

TECHNICAL REPORT NO. 10

BY

B. PAUL AND S. SINGH

MARCH 1982 

FIN A L REPORT

DOCUMENT IS AVAILABLE TO THE PUBLIC 

THROUGH THE

NATIONAL TECHNICAL INFORMATION SERVICE 

> PREPARED FOR THE

FEDERAL RAILROAD ADMINISTRATION 

WASHINGTON, D. C.  20590

0 2 -Track-Train Dynamics



Technical Report Documentation Page

1. Report No.
FRD/ORD-82/36

2. Government Access i No. 3. Recipient's Catalog No.

4. Title end SubtitleUser's Manual for Program CONWHEEL (CONformal WHEEL-rail contact stress problems) Technical Report No. 10
5. Report DateMarch 1982
6. Performing Orgonizotion Code

7. Awffeor̂s)B. Paul and S. Singh
8. Performing Orgonizotion Report No.

-1. Performing Orgonizotion Hone mid AddressDepartment of Mechanical Engineering &Applied Mechanics, University of Pennsylvania 111 Towne Bldg/D3, Philadelphia, PA 19104
10. Wo* Unit No. (TRAIS)
11. Contract or Grant No.

12. Sponsoring Agency Nome and Address
Department of TransportationFederal Railroad Administration 400 7th S t ., SW, Room 8308 Washinoton, DC 20590__________

13. Type of Report and Period Covered
Final Report May - October 1981

14. Sponsoring Agency Code
IS. Supplementary NotesThe technical monitor on this contract was Mr. Thomas P. Woll, Office of Research and Development, Officer of Passenger Systems, at the agency address, phone (202) 426-9564__________________________ - _____16. AbstroctCONWHEEL (CONformal WHEEL-rail contact stress problems) is an all FORTRAN computer program for the solution of normal contact stresses between two closely conforming (possibly nonHertzian) smooth elastic bodies. It can be used to determine: the.boundary of the interface contact region; pressure distribution; stress within the critical subsurface region.CONWHEEL is a much enhanced version of an earlier program CONFORM. The important changes include:1. Calculation of subsurface stress and location of critically  stressed points.2. The rail and wheel profiles may now be specified either from engin­eering drawings (as before); or from tabulated offsets for the wheel and rail profiles (new).3. The need to run two preliminary programs has been eliminated, result ing in a significantly reduced amount of user effort.4. No FORTRAN coding or subroutine preparation is required of the user.5. CONWHEEL, is approximately 2.5 times the size of CONFORM, but is much more convenient to work with.This manual includes: a brief description of the method of analysis, program structure, instructions for problem modelling, input preparation, and solution of sample problems.
17. Key WordsRail-Wheel Interaction, Contact Stress, Conformal Contact, Elasticity NonHertzian Contact

18. Distribution StatementCopies can be purchased from the , National Technical InformationService (NTIS) Springfield, VA 22161
19. Security Clossil. (ol this report) 20. Socurity dossil, (ol this poge) 21* No. ol Poges 22. Price
Unclassified Unclassified 74

Fom DOT F 1700.7 (8.72)



by

B. Paul  ̂ and S. Singh^

USER'S MANUAL FOR PROGRAM CON.WHEEL1
(CONformal WHEEL-rail contact stress problems)

Department of Mechanical Engineering and Applied Mechanics University of Pennsylvania Philadelphia, PA 19104

^Supported by Federal Rail Administration under Contract DTFR53-81-C-00227 
2Professor of Mechanical Engineering 
3Research Fellow



TABLE OF CONTENTS .v. Page
m '

Abstract 1
1. Program Specifications 2
2. 'Purpose 2
3. Method of Analysis 23.1 Initial Separation 23.2 Interpenetration Curve 43.3 Initial Meshwork 43.4 Contact Pressure and Boundary Iterations 43.5 Subsurface Stresses 5
4. Discretization of the Contact Patch 5
5. Wheel and Rail Geometry 65.1 Data from Engineering Drawings 65.2 Data from Table of Offsets 85.3 Location of Initial Point of Contact 85.4 Global Coordinates 12
6. Structure of the Program CONWHEEL 12
7. Input Preparation for CONWHEEL 16
8. Computer Program Output 21
9. Examples 23.

10. References 40
11. List of Related FRA Reports 41
12. Program Listing „ . 42



User's Manual for Program CON WHEEL
(CONFORMal WHEEL-rail contact stress problems)

Abstract
CONWHEEL (CONFORMal WHEEL-rail contact stress problems) is an all FORTRAN 

computer program for the solution of normal contact stresses between two closely 
conforming (possibly nonHertzian) smooth elastic bodies. It can be used to 
determine the following:

i)  The boundary of the interface contact region
i i )  The interface pressure distribution within the contact region.

i i i )  The state of stress within the critical subsurface region in 
the body

CONWHEEL is a much enhanced version of an earlier program CONFORM.
The important changes are:

1. It is now possible to calculate subsurface stress states, and to deter­
mine those points which are most critical from the point of view of plastic 
flow or fatigue.

2. The rail and wheel profiles may now be specified either from 
engineering drawings (as before).; or from a set of tabulated values -of offsets 
for the wheel and rail profiles (new).

3. The need to run two preliminary programs, MIDSEP and INTERPEN, prior 
to running CONFORM has been eliminated, together with the need to do a 
preliminary graphical analysis based on their results. These preliminary 
analyses have been incorporated into CONWHEEL in such a way as to 
significantly reduce the amount of data that the user must prepare.

4. The program now specifically includes the IBM equation solver sub­
routine DGELG, instead of the subroutine LEQT1F which was not available to all 
potential users. This makes the program self-standing, and independent of any 
proprietary subroutine packages.

5. No FORTRAN coding or subroutine preparation is required of the user.
6. CONWHEEL is approximately 2.5 times the size of CONFORM, but is 

much more convenient to work with.
This manual includes: a brief description of the method of analysis,

program, structure, instructions for problem modelling, input preparation, and 
solution of sample problems.
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1. PROGRAM SPECIFICATIONS
PROGRAM: CONWHEEL (CONformal.WHEEL-rai 1 contact stress problems)
AUTHORS: B. Paul and S. Singh
LANGUAGE: FORTRAN IV
MACHINES: Tested on Uni vac 90/70 (.using BG-4 compiler)
PRECISION: Double precision
STORAGE REQUIREMENTS: 240 K Bytes
CAPABILITIES: CONWHEEL calculates the following, for a given rigid-body

approach:
1. The shape of the contact region
2. The distribution of contact pressure
3. The resultant interfacial force and moments
4. The subsurface stresses.

NUMBER OF CARDS: Approximately 2,500.

2. PURPOSE
The program CONWHEEL is intended to solve the interface and subsurface 

contact stress problem for two elastic bodies of closely conforming surface 
geometry, brought into elastic contact under a given rigid-body approach.
This program is a major enhancement of, and supersedes, program CONFORM*.

3.’ METHOD OF ANALYSIS
The program first solves for the normal contact pressure, and the contact 

region, and then i t  finds the subsurface stresses. The detailed theory of the 
analysis is given in Paul and Hashemi [1981], Paul and Hashemi [1980], Hashemi 
and Paul [1979], and Paul and Singh [1982].
3.1 Initial separation:

Figure 1 shows two elastic bodies (1 and 2) with arbitrary and closely 
conforming surface geometries. Let x^,y^,z^ and x2,y2,z2 be two coordinate 
systems with origins 0-| and 02 respectively located on body 1 and 2.
The bodies are brought in contact such that 0-j and 0.2 touch at 0. A new 
coordinate system (x,y,z) is drawn at 0 such that z is the direction of the 
common normal to the surface, pointing into body 2. Then the in itial separa­
tion of the two bodies along the z axis is defined by

f (x,y) = z2(x,y) - z-j (x,y)
★See Paul and Hashemi [1978-a].
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Fig. 1. Two bodies in conformal contact(a) prior to deformation(b) virtual penetration(c) in itial candidate contact patch
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If the separation given by (3.1) is zero at 0 and positive everywhere else, 
the bodies contact at a single point, otherwise a possibility of multiple 
contact exists. This program only considers the case of singly-connected 
contact regions. As a first estimate of the contact region boundary, the 
program automatically finds the interpenetration curve — defined below.
3.2 Interpenetration Curve:

If the bodies 1 and 2 undergo a rigid body relative displacement 6 , 
the point of contact spreads over a region called the contact patch. An 
excellent fir st estimate of the contact patch boundary is the fictitious  
space curve of intersection which would arise i f  the bodies were to penetrate 
each other by the displacement 5 as shown in Figures l(,b) and 1 Cc).
The projection of this space curve on the x-y plane is given by setting the 
in itial separation equal to 8 in Eq. (.3.1); i .e .

'f(x.y) = S (3.2)
The curve defined by eq. (3.2) will be referred to as the interpenetration 
curve, and i t  is determined by subroutine INTPEN.
3.3 Initial Meshwork:

The main section of the program viz. subroutine CONFOM accepts the 
interpenetration curve, as a first estimate of the contact region boundary 
and refines i t  by iteration to find the true contact patch. The estimated 
contact region is divided into bands, strips and cells as illustrated in Fig. 2 
and described further in Sec. 4.
3.4 Contact Pressure and Boundary Iterations:

For the currently defined meshwork of n ce lls , the pressure in cell i 
is treated as a constant p̂ . The program automatically generates and solves 
a set of n equations for the n values of p.. Then i t  checks to see whether 
the pressures are all positive within the contact patch. If not, the contact patch 
boundary is adjusted by a scheme described in Paul and Hashemi [1981],and Paul and 
Hashemi [1979.], The procedure is repeated until the governing equations 
are satisfied , and the variation of the contact patch boundary is within a 
specified tolerance limit for two consecutive iterations. At this point, 
the boundary of the contact patch, and the interface pressure distribution 
over i t  is determined.
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3.5 Subsurface Stresses:
Stresses beneath, but close to the surface, are determined by subroutine 

SUBSIG, which is based on the analysis given in Paul and Singh [1982].
The user may specify a surface point whose neighborhood is to be probed, 
he may ask the program to probe beneath the surface point where the contact 
pressure is maximum, or he may specify arbitrary subsurface locations to be 
examined. For all subsurface points specified, the program will calculate 
all six stress components C o-,a-,a^a--,o--,0-^) referred to the global axes 
(x,y,z) defined in Sec. 5.4. In addition the program will calculate at such 
points the equivalent stress a . The significance of this term is that 
the body undergoes permanent (plastic) deformation when a reached theCH.yield stress of the material.

The choice of subsurface points to be evaluated for stresses depends upon 
the value of a user supplied constant IOPT. If:

IOPT = 0, the program probes beneath the surface point where the 
contact pressure is maximum.

IOPT = 1, the program probes beneath a surface point (x,y) specified 
by the user.

IOPT = 2 , the program probes at a particular set of points fx,y,z) 
specified by the user

IOPT = 3* no subsurface stresses are evaluated.

4- DISCRETIZATION OF THE CONTACT PATCH
When dealing with the in itia lly  estimated contact region, or any subsequent 

iteration thereof, the current region is subdivided into a meshwork of 
rectangular cells as follows:

1. The x-diameter is divided into any number (NSEG) of segments called 
bands (see Fig. 2). The ratio of the width of a typical band I,
to that of the x-diameter is designated by RAT(I).

2. Each band I is further divided in NX(I) strips.
3. Each strip is divided into cells of width HY(J) in the y-directi on.
The user has the option of choosing the number of bands NSEG,the ratios 

RAT(I), and the number of strips NX(.I) in each band. However, he may also 
elect to accept the default values of these mesh parameters, which are:
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NSEG = 3
RAT(.1) = 0.2, RAT(.2) = 0.6, RAT(.3) = 0.2
NX(1) = 4  , NX (.2) = 5 , NX(.3) = 4

These values were used in drawing Fig. 2.
The .vertical widths HY(.J) of the cells are automatically chosen by the 

program to make the cells nearly square in shape and to always have at least 
three cells in each strip with one cell always centered on the x axis. It 
is suggested that the default values of the mesh parameters be used for all 
problems. If the mesh so generated is unsatisfactory (e.g. not enough 
cells in certain regions) the user can rerun the problem with different 
mesh parameters.

The interpenetration curve is taken as the fir s t  approximation of the 
contact patch boundary as shown in Fig. 2. The program performs iterations 
which continually change the contact boundary.

The program will consider that convergence has occurred when the rela­
tive change in ym is less than a certain fraction EPS*. The user may chose 
his own value for EPS or he may accept the default value of EPS =0.01.

5. WHEEL AND RAIL GEOMETRY
A "wheel profile" is the curve traced out by the intersection of the 

wheel surface and any plane through the axis of the wheel. Any point on the wheel 
profile can be specified by coordinates xw (axial direction ) and zw (radial 
direction) relative to axes fixed in the wheel as shown in Fig. 3. Similarly, 
the profile of the railhead is the curve of intersection of the rail surface 
with a plane transverse to the rail axis. The coordinates of the "rail 
profile" are xr and zr relative to axes fixed in the rail as shown in Fig. 4.
5.1 Data From Engineering Drawings:

The standard new rail or wheel profile is a collection of contiguous 
straight lines and circular arcs (.see Figs. 3 and 4). The following Notation 
is used for the parameters which define the profile of segment number I:

★ymaw is the largest strip length in the contact patch. For example,y
iTjaX illaXis the value of y at the top of strip number 10 in Fig. 2.
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Figure 2. Mesh arrangment for sample interpenetration curve. (Using the defaulted values.) User may alter the mesh i f  he so desires.



FORTRAN name for parameters ofRail Wheel
AR(I) AW (I)
BR( I) BW (I )
CR(I) CW(I)
XCR(I) XCW(I)

Meaning forCircular Arc Straight Line
x-coord. of center slope
y-coord. of center z intercept
radius no meaning (leave blank)
x-cordinate of right-hand end of segment (whether circular or straight)

When the above information is to be read in from engineering drawings (such as 
Fig. 4) the FORTRAN constant NOFF should be set to zero (or blank).

5.2 Data from Table of Offsets:
When the rail and wheel profiles are to be supplied as pairs of (x,z) 

coordinates (e.g. when readings are made with a profilometer). the input 
constant NOFF must be set equal to 1, and the number of points to be described
On the wheel (NW) and on the rail (NR) are also ‘to be entered Csee Card B in 
Sec, 7). The FORTRAN names corresponding to point I are:

x-coordinate z-coordinate
For Wheel : XOFFW(.I) Z0FFW(.I)
For Rail: XOFFR(I) ZOFFR(I)

These values are entered on Cards F-2 for the rail and on cards 6-2 for the
wheel (see Sec. 7). When offsets are specified the program automatically 
converts the offset data into circular arcs or straight lines between offset
points.

5.3 Location of Initial Point of Contact
Figure 5 shows a wheel and rail in contact (under zero load) at a point C. 

The location of point C on the wheel is defined by the x-coordinate x̂  [FORTRAN 
name XWC] as shown in Figs. 5 and 3(a). Similarly, the x̂ , coordinate of 
point C on the railhead is denoted by x£ [XRC] as shown in Figs. 5 and 4(a).
The corresponding Z values are denoted by ZWC and ZRC. The values of XWC 
and XRC are set by the user at any values that are geometrically meaningful; 
the values of ZWC and ZRC are then calculated internally by the program, 
but are not needed directly by the user.
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Axis of Wheel

Fig. 3 Standard wheel parameters. Note: wheel axes are x .y  ,z , wherew w wxw is parallel *-o wheel axis, and the global axes are £,c,n, 
where t, is normal to the wheel at C and n is parallel to y.
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(b)
Fig. 4 Standard rail parameters. Note: Rail reference axes are xR,y^,zR, 

where yD is parallel to the track direction. The global axes are 
where ? is normal to the,rail at C and n is parallel to yn

}
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Fig. 5. Rail and wheel position, before deformation under applied load (V zw) wheel reference coordinate system
(xRJzR) rail reference coordinate system
(£ .0  global coordinate system
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5.4 Global Coordinates (g,n,£) =(x,y,z)
Once the in itial contact point C has been defined by the user's choice c cof xw and xr, i t  is possible to establish a global (fixed set of orthogonal 

coordinate axes (£,n,s) with origin at point C. As shown in Fig. 5, t  

points normally outward from the railhead, . E ,' is tangent to the rail , (and 
wheel) profile, and n is parallel to the rail axis, such that (?,n»?) 
form a right-handed system. Occasionally, the coordinates (£»n>4) will be 
designated as (x,y,z). At numerous points in the analysis, the program 
will have to transform quantities from global to local coordinates and 
vice-versa. The user need not make any such transformations (they are done 
automatically where needed). For general information it  is shown in Fig. 3(b) 
how the ("transformed") wheel parameters'ATW(4) and BTW(4), referred to as 
global coordinates are related to the "untransformed" parameters AW(4),
BW(4) shown in Fig. 4(a), for profile segment number 4. The transformed 
parameter CTW(4) is the radius of arc segment number 4, which is the same 
as the untransformed radius CW(4). The program is set up such that the user 
need.only supply the untransformed profile parameters (Figs. 3(a) and 4(a) 
for both wheels and rails.

6. STRUCTURE OF THE PROGRAM COWHEEL
The main program CONWHEEL reads in the required input data and controls 

the flow of information between all the subprograms.. In MIDSEP, the input 
parameters for wheel and rail coordinates are transformed to the global 
coordinates for the problem, and the in itial separation function is deter­
mined in the"mid-plane", i .e . with y = 0 in Eq. (3.1). Subroutine INTPEN 
determines the interpenetration curve defined in SEc. 3.2.. Then 
subroutine CONFOM is the heart of the program, as i t  governs the iteration 
process on the true contact boundary and the contact pressure distribution. 
Subroutine SUBSIG finds the subsurface stresses. A brief, description of all 
subprograms follows:

12



Figure 6. Struture of CONWHEEL
Arrows run from calling subprogram to called subprogram
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CONWHEEL

MIDSEP

RAILO

WHEELO

RAIL
WHEEL!
INTPEN'

YRW

CONFOM

BIF*
GDA*
GR7 * 

GR2*
IN-SEP

MIDWEL
* ! The GR1 and

The main program controls the flow of information to and from , 
subprograms.
Subroutine to determine the transformed rail-wheel profile 
parameters, and the midplane separation.
Subroutine to determine z and of the rail profile with 
reference to the rail reference coordinates (xr ,zr )
Subroutine to determine the z and of the wheel profile (at
any point in the x-z plane with reference to the wheel
reference coordinates ( x .z  )w w
Subroutine to find the z, component of the rail profile for given 5
Subroutine to find.the z, component of the wheel-profile for given £
Subroutine to determine the interpenetration curve for a given 
rigid-body approach
Subfunction to determine the n coordinate of the wheel surface 
for given £ and z, ' .
Subroutine to determine the contact patch boundary, the interface 
pressure, and the corresponding force and moment components
Subfunction to find /GdA when the integrand is singular
Subfunction to find /G(x;x')dA'
Subfunction to find G(x;x‘) for: body 1 (Rail)
Subfunction to find G(x;x‘) for body 2 (Wheel)
Subroutine to find the separation between the two points x-| and 
x2 along with the unit normal components at x-j
Subfunction to find -̂component of the wheel for any £ in midplane

symbol G (which appears in the explanation of subroutines BIF, GDA, GR2) is a Green's function that is described in Paul and Hashemi [1931].
14



PARAB Subfunction to interpolate or extrapolate between two points
RAIL! Subroutine to find -̂component of a point on surface 1 (Rail) along 

with components of normal to the surface 1 (Rail) along with the 
components of the normal to the surface at that point

WHEEL Subfunction to find r, component of any point on wheel surface
WHEEL2 Subroutine to find z and of the wheel profile at any point 

with coordinate x in mid-plane with respect to wheel reference 
coordinates (*w>zw)

DGELG* Subroutine to solve the linear algebraic equations
SUBSIG Subroutine to determine the state of stress at a subsurface point 

within the body
SUBFLT Subroutine to determine the state of stress at a point in a 

semi-infinite body
TRANS1 Subroutine to determine the elements of the transformation matrix 

from global coordinate system to local coordinate system
TRANS2 Subroutine to transform the stress tensor from local coordinate 

system to global coordinate system
OFF Subroutine to reduce data of wheel and rail from values of offsets, 

to parameters of straight line or circular arc segments
LINLIN Subroutine to determine the segment parameters when the profile 

transition occurs from a straight line to another straight line
LINCIR. Subroutine to determine the segment parameters when the profile 

transition occurs from a straight line to.a circular arc.
CIRCIR Subroutine to determine the segment parameters when the profile 

transition occurs from a circular arc to another circular arc
CIRLIN Subroutine to determine the .segment parameters when the profile 

transition occurs from a circular arc to a straight line

*IBM
15



7. . INPUT PREPARATION FOR CONWHEEL
Input consists of the following punched cards with the field  format 

indicated in parentheses*. Although not needed by the user the FORTRAN 
names of the input variables are given in brackets.
(A) Title Card (20A4)
(B) Program control card (.815,F10-.0)

Col. 1-5 [NW] No. of segments in wheel profile (.see Fig. 3) i f  N0FF=0 ;
or no. of offset values specified for wheel profile i f  
N0FF=1

Col. 6-10 [NR] No. of segments in rail profile (.see Fig. 4) i f  N0FF=0;
or no. of offset values specified for rail profile i f  
N0FF=1

Col. 11-15[N0FF3 NQFF=0 (.or blank) when wheel and rail profile parameters
are specified as in Figs. 3 and 4. N0FF=1 when offsets are given

Col. 16-20[NSEG] No. of bands along the x axis (see Fig. 2). Use 0 or
blank,for default. See Sec. 4 for discussion of default .' parameters.Col. 21-25 [ITM] Maximum number of iterations.[=10 by default when 
le ft blank or set = 0]

Col. 26-30[I0PT] Variable controlling the location at which the sub­
surface stresses are to be calculated 
If I0PT=0 (.or blank), the program determines the location 
of maximum surface pressure, and calculates the stresses 
beneath this point, up to a depth equal to the x-diameter 
of the contact zone, at as many points as the number 
of cells along the x axis. When this option is exercised, 
no additional cards are required.
If I0PT=lsthe program calculates the stresses at(x,y) 
locations specified by the user, at as many points below 
the surface and up to a depth specified by the user in 
the card group [HI]

ie /Integer names begin with letters I,J,K,L,M,N. On input integers they are to be right justified in field of 5 characters. Real constants may be placed anywhere in a field  of 10. The user's decimal point will override the specified "F10.0" used in the program.
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If I0PT=2, the program calculates the stresses at(x,y,z) 
location specified by the user in card group H2.
If I0PT=3, no subsurface stresses are calculated.

Col. 31-35 [IBUG] Variable controlling the output. When left blank
or made = 0, only the final results of interface 
pressures and subsurface stresses are printed, 
otherwise the full output of transformed rail wheel 
coordinates, midplane separation, interpenetration curve, 
interface pressures, and subsurface stresses are printed 
out (see examples in sec. 9).

Col. 41-5C [EPS]

(C) Approach, Nominal 
tolerance (8F10.0) 
Col. 1-10 [DELTA] 
Col. 11-20 [XWC]

Col. 21-30 [XRC]

Col. 31-40 [RW] 
Col. 41-50 [El] 
Col. 51-60 [E2] 
Col. 61-70 [ANU1] 
Col. 71-80 [ANU2]

Relative tolerance for convergence (0.01 by default 
if left blank) (See sec. 4)

Wheel Radius, elasticity parameters, convergence

Displacement Cor rigid body approach 6 ) 
x coordinate of initial point of contact on wheel, 
in wheel reference coordinate system (see Figs. 3 and 5) 
x coordinate of initial point of contact on rail,
in rail reference coordinate system (see Figs. 4 and 5) 
Reference radius of the wheel (see Fig. 3)
Young's modulus of elasticity for wheel 
Young's modulus of elasticity for rail 
Poisson's ratio for wheel 
Poisson's ratio for rail

(D) Mesh Generating Card (1615)
This card to be omitted for default case (NSEG=0) 
Col. 1-5 [NX(1)] Mo. of strips in band no. 1
Col. 6-10 [NX(2)] No. of strips in band no. 2

(E) Mesh Generating Card (8F10.0) See Sec. 4
Omit this group of cards when default is desired (NSEG=0) 
Col. 1-10 [RAT(1)] Ratio of band 1 width to total width 
Col. 11-20 [RAT(.2)] Ratio of band 2 width to total width

(Eight values are entered per card. Use as many cards as needed.)

17



(F.l) Rail Profile Parameter Group (when N0FF=0); See Sec. 5.1: 
1st card (8F10.0)
Col. 1-10 [AR(.l)]
Col. 11-20 [BR(.l)]
Col. 21-30 [CRtD]
Col,. 31-40 [XCR(.l)]
Col. 41-50 [AR(_2)]
Col. 51-60 [BR(:2>]
Col. 61-70 [CR(2)]
Col. 71-80 [XCR(2)]
2nd card (8F10.0)
Col. 1-10 [AR(,3) ]

Two sets of (AR,BR,CR,XCR) are entered per card. Use as many cards as needed.
(F.2) Rail Profile by Offsets (.when N0FF=1); see Sec. 5.2 

1st card (8F10.0)
Col. 1-10 [X0FFR(1)] X-offset ( i.e , x-coordinate) For point 1 on rail 
Col. 11-20 [ZOFFR(l)] Z-offset ( i\e . z-coordinate) For point 1 on rail 

' Col. 21-30 [X0FFR(2)1 
Col. 31-40 (Z0FFR(2)]

Col. 71-80 [Z0FFR(.4)] 
2nd card (8F10.0)
Col. 1-10 [X0FFRC5)]

Col. 71-80 [Z0FFR(.8)]
Use as many cards as needed, with eight values per card. Last card 
can have fewer than eight values.

18



(6.1) Wheel Profile Specification Cwhen N0FF=0); see Sec. 5.1: 
1st card (8F10.0) (See Fig. 3 for definitions)
Col. 1-10 IAW(1)]
Col. 11-20 [BW(.l)]
Col. 21-30 [CW(.l)]
Col. 31-40 [ZCWCl)]
Col. 41-50 [AW(.2)]
Col. 51-60 [BWC2)3
Col. 61-70 [CW(.2)]
Col. 71-80 CXCW(2)3 
2nd card
Col. 1-10 [AW(3)]

Two sets of (AW,BW,CW, XCW) are entered per card. Use as many cards as needed
(G.2) Wheel Profile by Offsets (when N0FF=1); see Sec. 5.2:

1st card (8F10.0)
Col. 1-10 [X0FFW(1)] X-offset ( i.e . x-coordinates) for Point 1 on wheel
Col. 11-20 IZOFFWO)] Z-offset ( i.e . z-coordinates) for Point 1 on wheel 
Col. 21-30 [X0FFW(.2)]
Col. 31-40 [Z0FFW(2)3 '

Col. 71-80 [Z0FFW(4)3 
2nd card (8F10.0)
Col. 1-10 tXOFFW(.5)3

Col. 71-80 Z0FFW(.8)]
Use as many cards as needed, with eight values per card.

(H.l) Specification of (x,y) Location of Depth Probe required with I0PT=1 
Card 1 (.110)
Col. 1-10 [NP] No. of points along the depth at which the stresses

are to be calculated.
Card 2 (3F10.4)
Col. 1-10 [XFM] The x-coordinate of the location at which the depth

must be probed.
Col. 11-20 [YFM] The y-coordinate of the location at which the depth

must be probed.
Col. 21-30 IZFM] The maximum value of the depth to be probed.
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(H.2) Specification of x!,y,z Location Card Group {required when I0PT=2] 
Card 1 (.110)
Col. .1-10 [NP] 
Card 2 (6F10.0) 
Col. 1-10 [XFM] 
Col. 11-20 [YFM] 
Col. 21-30 [ZFM] 
Col. 31-40 [XFM] 
Col. 4T-50 [YFM] 
Col. 51-60 [ZFM]

No. of points at which the stresses are to be calculated

x-coordinate of a point 
y-coordinate of a point 
z-coordinate of a point 
x-coordinate of the next point 
y-coordinate of the next Roint 
z-coordinate of the next point.

Two sets of XFMs YFM, ZFM values are specified per card. Use as many 
cards as needed.
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8. COMPUTER PROGRAM OUTPUT
The program gives the results (depending on the print options 

used)in the following format:
1. The first section gives an echo of the primary input data.
2. The second section (optional i f  IBUG=1) gives the results 

of subroutine MIDSEP and contains:
• Wheel parameters referred to global coordinates (see section 5.4)
• Rail parameters
• The midplane separation,i.e. table of £ and A£.(see Fig. 5)

denoted by XI and DELTA ZETA.
3. The third section (optional; i f  IBUG=1) gives the results of 

subroutine INTPEN and contains:
• The value of rigid body approach (repeated for convenience)
• The value of the leftmost (XBL) and rightmost (XBR)

x-coordinates of the interpenetration curve.
• The interpenetration curve, i .e . table of £-n (denoted by

XI-ETA) coordinates.
4. The fourth section (standard) gives the results of normal interface

Ipressures calculated by subroutine CONFOM and contains
• The iteration number
• Co-ordinates of the boundary of contact patch, i .e . table of £-n

(XI,ETA) coordinates
• The surface pressure distribution, i .e . table of £,n,£ (XI,ETA,

ZETA) coordinates and p (normal pressure)
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• The resultant forces in normal (?) and tangential (£) directions 
(ZETA-FORCE, XI-FORCE) and moment about n direction (ETA-MOMENT)

• The le ft and right boundary of the contact patch. (XBL,XBR).
5. The last section gives results of subsurface stresses

calculated by subroutine SUBSIG and contains:
• (optional; i f  IBUG=1) Coordinates of surface points and the

components of applied tractions acting at these points.
• Location of field points [(x,y,z = (?,n>s)] probed
• axx’CTyy’azz,axy,0yz,crzx stresses at the Points P r o b e d

• The equivalent stress agC) at the points probed (see Sec. 3.5). 
Samples of computer output are shown in Sec. 9.
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9. EXAMPLES

The use of the program is illustrated by two examples.
The profiles of the rail and wheel selected are given in Fig. 7.. The 

wheel is positioned on the railhead so that the in itial contact takes 
place at 0, as shown in Fig. 5. Observe that there is a jump in curvature 
at the in itial point of contact. The wheel and rail are made of steel 
with the following elastic properties

E = 30 x lO^psi Modulus of Elasticity
v = 0.3 Poisson's ratio

9.1 Example 1
In the first example the rigid body approach assumed is 6 =0.0005", and the 
full output is requested. The data is as follows:

Card (A) Rail and Wheel Contact Stress Analysis - Example 1 C0NWHEEL 
Card (B) NW=5 NR=7 N0FF=0 NSEG=0 ITM=0

I0PT=0 IBUG=T EPS=0
Card (C) DELTA=0.0005 XWC=1.719 XRC=1.25 RW=180

El=30000000.0 E2=30000000.0 ANU1=0.3 ANU2=0.3
Card (D) Not required as NSEG=0
Card (E). Not required as NSEG=0
Card (FI)
AR(1)=14.32809 BR(1)=20.03716 CR(1)= 0.0 XCR(1)=-1.43284
AR(2)=—1.05874 BR(2)=-0.518812 CR(2)= 0.375 XCR(2)=-1.25
AR(3)=-0.6125 BR(3)=-1.271464 CR(3)=10.0 XCR(3)=-0.7
AR(4)= 0.0 BR(4)=-10.0 CR(4)=10.0 XCR(4)= 0.7
AR(5)= 0.6125 BR(5)=-1.271464 CR(5)= 1.25 XCR(5)= 1.25
AR(6)= 1.05875 BR(6)=-0.518812 CR(6)= 0.325 XCR(6)= 1.43284
AR(7)=-14.32809 BR(7)=20.03716 CR(7)= 0.0 XCR(7)= 1.500
Card (Gl) 
AW(1)= 0.0 BW(1)= 0.0 CW(1)= 0.0 XCW(1)=0.0
AW(2)= 0.0 BW(2)=-12.341 CW (2)=12.341 XCW(2)=1.171
AW(3)=1.049545 BW(3)=-1.329907 CW(3)= 1.28 XCW(3)=1.719
AW(4)=1.521301 BW(4)=-0.5611092 CW(4)= 0.378 XCW(4)=1.876
AW(5)=-2.714595 BW(5)= 4.662134 CW(5)= 0.0 XCW(5)=2.000
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( a )

S ' ®

ii

WHEEL AXIS

Fig. 7. Examples of standard wheel and rail
(a) Rail-140 RE(b) Metroliner wheel (SIG Schweizerische Industrie-Gesellschaft)
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1
The input data deck is illustrated in Fig.8.
The output of the program is illustrated in Fig. 9 (.a through h).
Figure 9(a) and (b) illustrate the output of subroutine MIDSEP, giving 

the transformed wheel and rail parameters, and the table of £ vs A? .
Figure 9(c) illustrates the output of the subroutine INTPEN giving 

the values of the rigid body approach, the extremities of the interpenetration 
curve, and the table of £-n the coordinates of the interpenetration curve.

Fig.9(d) (e)illu strate the output of subroutine CONFOM, giving the 
iteration number, the coordinates C£-n). of the contact region and the table 
of surface point coordinates (.£,n,c) and the associated contact pressures, 
along with the values of net force and moments.

Figure 9(f) and (g) illustrate the output of subroutine SUBSIG. 9(f). 
gives the location and tractions of the source ce lls , while 9(3 ) . gives the 

state of stress at a series of subsurface points along the depth (-£) axis, 
at £ = Q ,  n = 0 .

Figure 9(h) gives a graphical interpretation of the.results.

9.2 Example 2
' In the second example, the rigid body approach is taken to be 0.003,
and only results of final interface pressures and subsurface stresses is requested

Figure 10 illustrates the input data deck, and Figures 11(a through d) 
illustrate the results as before.
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L C u N

E X A M P L E  0 1 .  R A I L  W H E E L  C O N T A C T  S T R E S S
5 / 0 0 0 0 10 . 00 0 5 1 . 7 1 9 1 . 2 5 1 6 . 0

n
- 0 .

. 3 2  fcO 9 
61 2 5

2 0 . 0 3 7 6  
—1 . 2 7 1 4 6 4

0.0 
1 . 2 5

- 1  . 4 3 2 6 4  
- 0 . 7

G . 21 2 5 - 1  . 2 7 1  4 6 * 1 . 2 5 1 . 2 5
- 1 4 .  3 2 frO 9 2 0  . 0 3 ?  1o 0.0 1 . 5 0

n . 0 0 . 0 0 . 0 0.0 .
i . 0<*9545 - 1  . 3 2 9 9 0 7 1 . 2 6 1 . 7 1 9

- 2 . 71 4 5 9 3 4 . 6 6 2  134 0.0 2.0

A N A L Y S I S  ( C O N W H E E L )0.0
3 0 0 0 0 0 0 0 .  3 0 0 0 0 0 0 0 . 0 . 3 0 . 3
- 1 . 0 5 8 7 4  - 0 . 5 1 8 6 1 2  0.0 - 1 0 . 0 w . r - h P

1 . 0 5 8 7 5  - 0 . 5 1 6 6 1 2 0 . 3 7 5 1 . 4 3 3

0 . 0  - 1 2 . 3 4 1 1 2  . 3 4 1 1 .  1 7 1
1 . 5 2 1 3 0 1  - 0 . 5 6 1 1 0 9 0 . 3 7 8 1 . 6 7 6

rocr>

Fig. 8. Illustrating input data deck for example 1 with approach 6 = 0.0005



EX AMPLE 1. PAIL L H t L L C'iNTAil A'.At Y S I S
W H E E L "  P A R A M E T E R S

XWC= 10.17190000 01 ZUC =

AW nw
0 . 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0
0 . 1049545D 01 -0 .13299070 01

-0.271 A5 95D 01 0.46621340 01

A T U PT W
0.61362910 0 0 0.28032760 0 0

- 0 . 6 9 9 1 739D -06 -0.37800000 0 0

X c w z cw
O.OOOOOOOD 0 0 O.OOOOOOOD 0 0
0.16760000 C1 - 0 . 42C446fcp 0 0

X I cw X I C W
-0.15901110 01 -0.56291 5 4 0 0 0

RAIL PARAMETERS

X I C R xi  cr<
-0.21565180 01 -0.21504320 01

ATR RTR
-0.19907480 01 -0 .59163360 01
-0.10537130 01 -0 .18747510 01

0 . 0 0 0 0 0 0 0 0 0 0 -0 .12500000 01
-0.1446545D 0 1 0.28445570 0 0

X R C = 0.1 2500000 01 ZRC =

AR PR
0 . 1432809D 0 2 0.20037160 0 2
O.OOOOOOOD 0 0 - 0 . 1 0 0 0 0 0 0 0 0 2

- 0 . 1 432809D 0 2 0.20037160 0 2

XCR XCR
- 0 . 1 432340D 01 -0.1250000D 01

XIL = -0.90000000 00 XIR =

-0.23893040 00 T H E T A U = -0.5503807D 00

CW A W BW CW
O . O O O O O O O D 0 0 O.OOOOOOOD 0 0 -0.12341000 0 2 0.1234100D 02
0 . 1 2 8 U 0 0 0 D 0 1 0.1521301D 0 1 -0 .56110900 0 0 0 . 3780000D 0 0
0 . 0 0 0 0 0 0 0 0 0 0

ATW BTW ATW BTW
0.48643770 01 -0,11213960 0 2 O.OOOOOOOD 0 0  -0.12800000 01

-0 .78813180 00 0.1032862D 0 0

XCW Z CW XCW ZCW
0 . 1  171000 0 01 -0.5568193 0'- 0 1 0.17190000 01 -0.23893040 0 0

X I  C W XICW XICU XICW
O.OOOOOOOD 0 0 0.23398040 00

X I C R XICR XICR XICR
- 0.1 7 6 4 91 4 D 0 1 -0 .56067020 .00 0 . OOOOOOOC 0 0 0 .30846830 00

CR A T R BTR CR
O.OOOOOOOD 0 0 -0.1821410D 0 1 -0.14549220 0 1 0.3750000D 00
0 . 1250000D 01 0.3924697D 0 1 -0.9070440D 0 1 O.1O0OOOOD 02
0 . 1250000D 01 0.1122411D -05 -0.37500190 0 0 0.37 500000 00
O.OOOOOOOD 0 0

-0.19624440 0 0 T H  ET AR = -0 .53518480 00

AR BR AR BR
-0.10587400 01 -0.51881200 0 0 -0 .61250000 00 -0.1271464D 01

0.61250000 00 -0.12714620 0 1 0.1C58750D 01 -0.51881200 0 0

XCR XCR XCR XCR
-0.70000000 0 0 0,7000000D 00 0. 12 50000c 01 0 .14328400 01

0.4 500000D 00 N- 0 NW = 5 NR= 7

Fig. 9(a). Part 1 of output giving the transformed wheel and rail parameters



y I D [ I. T A 7 E T A DELTA ZETA
-n.90oooono
- 0 . 7 2 0 0 0 3 0 0  
- P . 5a POOOOD 
- P .  ’' { • . OOOOPD 
- n . i b n c o n n u  
- 0 . 2 7 7 5 5 5 * 0  

o . 9 coooood  
0 . 1 8P0000D 
0 . ?  7P00Q0D 
0.3600000D 
0 . A 5 OOOOOD

Fig. 9(b).

x i

OH 0.9_»7<.436D-02
00 n.fi(3lt.9 2 5D-02
0 0  n.T175119D-02
00 0.  1 2'9A19.?D-02
on n.  ?(J1!AA3AD-G3

■ 17) - n .  2 22UA',tD-1 5
■ 01 0 . 9 1065 15D-0A
00 0 . A 16tQ19D-03
on 0.5 25105 Ad-02
00 (1. 5585923D-01
00 0.1 151 16 A D 00

-O.fc 100000D 00 
-O. f t ’ OOOOOD 00 
-0.A500000D 00 
- 0 . 2 7 0 0 GOOD 00 
-G.9000U00D-01  

0.  A 500000D-01 
0.1 3 5 0000 D 00 
0.2250000D 00 
0.3150000D 00 
0.A050000D 00 
0.A950000D 00

0.7A72630D-021 
0 . A AO 1972D-0 21 
0 . 2 1 0 0 0 70D-021 
0.707720AD-031  
0.7622710D-0A1  
0.23383A8D-0A1 
0 . 2  1 A9A 23D-031 
0 »7 A2 2A89D-031 
0 .262306AD-011 
0 ®8 5A8782 D-011 
0.1AA7A50D 001

Part 2 of output giving the separation hr, vs £ .



F X A K P L E 1 . RAIL ‘-.'PfiL ; f. I'M I L V S i s  (CONWHEEL)

0 ELT A = 0.500001) -0 3 XtU - - 0 . l i ' c i u t  0 0 XBR = 0.19380D 00

WHEEL PARAMETERS

XWC = 0.17190000 01 ZWC = -0 . 23 8 9 3 0 4 D 00 TETAW= -
AW H W t w AW

0 . OOOOOOOD 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 . OOOOOOOD0.10495450 01 - 0 . 1  3299070 01 0.12800000 01 0.1521301D
-0.27145950 01 0.4662 1 34 0 01 0 . 0 0 0 0 0 0 0 0 0 0

XCW XCW XCW XCW
0 . OOOOOOOD on 0.11710000 01 0.17190000 0 1  0 •1876000D 01

RAIL PARAMETERS

X I C R x I C R X ICR X I C R
-0.2156518D 0 1 -0 .21504320 m -0.17649140 01  - 0 . 5 606 702 D 00 .

ATR m  p CR ATR
-0.19907460 01 -0.5916326D 01 0 . OOOOOOOD 0 0 -0.18214100
-0.1053713D 01 - 0 . 1 8 7 4 7 5 1 D 01 0.1 250000D 01 0.39246970

0 . 0 0 0 0 0 0 0 0 0 0 -0.12500000 0 1 0.12500000 0 1 0. 11224110-
-0.14465450 01 0.2 8 4 4 5 5 7 0 0 0 0 . 0 0 0 0 0 0 0 0 on

>5G3B07D 00 

BU
-0.1234100D 02 
-0.5611090D 00

xcw

c w
0.12341000 02 
0.37800000 00

XCW

X I  C R0.00000000 00 
B T R

X I  C R
0.3084683D 00 

CR
)1 0.3750000D 00)1 0.1000000D 02
)0 0.37500000 00

RW= 0.1800000D 02 NW = 5 NU= 7
ro x i

- 0 . 22R0^91D 00 
-0.18247930 00 
-0.13685950 00 
-0.91239650-01  
-0.45619830-01  

0.6591949D-16  
0.3875907D-01 
0.7751814D-01 
0.11627720 00 
0.15503630 00

F T A0.00000000 00 
0.84602820-01  
0 . 1 1 36478D 0 0  0.13132400 000.14176500 00 
0.1460173D 00 
O . U 8 5 4 C 6 0  0 0  
0.14599811) 00 
0.13591530 00 
0.1 1091 020 00

X I
-0.20528920 00 
-0.1 596.6940 00 
-0.11404960 00 
-0.68429740-01  
-0.22809910-01  

0.19379540-01  
0.5813861D-01  
0.96897680-01  
0.13565670 00 
0.1744158D 00

ETA
0.61259320-01  
0.10105930 00
C.1235394D 00 
0 » 1 373350D 00 
0.14473700 00 
0.1478367D 00 
0.14800140 00 
0.14216920 00 
0.1261851D 00 
0.84901150-01

Part 9(c). Part 3 of output giving the extremities of the interpenetration curve and the (£,n) coordinate of the interpenetration curve



E X A M P L E  H 1 .  R A I L  W H E E L  C O N T A C T  S T R E S S  A N A L Y S I S  ( C O N W H E E L )

I T  M= 10  NC= 9 M Y O P T = 0  M Y M I = 3  MY MA = 5 I 9 U G =  1 I O P T =  0 
E 1 = . 3  GO 0 0 0 0 +  0 0 8  A N U 1 =  . 3 0 0  E 2  = . 3 0 0 0 0 0 0 + 0 0 8  A N U 2  = . 3 0 0  
N S E 6 -  3 x L‘ L  -  - . 2 2 8 1  X E R  = . 1 9 3 9
NXII) A R E ;A 5 A
THE F O L L O W I N G  I S  R AT ( I )

THE

.200 . 6 0 0  . 2 0 0D EL  TA = . 5 0 0 0 0 - 0 0 3  EPS =
F O L L O W I N G  I S  U H F E L  DATA 

R A D I U S ,  RW= . 1 6 0 - 0 0  + 0 0 2  N O .  OF S E G M E N T S *

. 1 0 0 0 0 - 0 0 1  

NW-  5
XWC= . 1 7 1 9 0 0 0 + 0 0 1  2 WC = - • 2 3 6 9 3 0 4 + 0 0 0  THETA W= - . 5 5 0 3 8 0 7 + 0 0 0

AW BU CU AW nw c».0000000 .0000000 .0000000 .0000000 . 1 2 3 4 1 0 0 + 0 0 2 . 1 2 3 4 1 0 0 + 0 0 2

- . 1  0 4 / 5 ^ 5 +  0 0 1  
. 2 7 1 4 5 9 5  + 0 0 1

- . 1 3 2 9 9 0 7 + 0 0 1
. 4 6 6 2 1 3 4 + 0 0 1

. 1 2 8 0 0 0 0 + 0 0 1.0000000 . 1 5 2 1 3 0 1 + 0 0 1  - . 5 6 1 1 0 9 0 + 0 0 0 • 3 7 S 0 G 0 0 + 0 0 0

xcw 2 CW
. 1 1 7 l S a 0 + 0 0 1

zcu xcw ZCw

THE

.0000000 . 0 0 0 0 0 0 0  
• 16  7 o 0 G 0 + 0 0 1  - . 4 3 0 4 4 6 6 + 0 0 0

F O L L W I N G  I S  R A I L  DATA 
N O .  OF S E G M E N T S ,  N R =  7

- . 5 5 6 8  1 9 3 - 0 0 1 1 7 1 9 0 0 0 + 0 0 1  - . 2 3 6 9 3 0 4 + 0 0 0

XC h XCR X CR X CR  X C R  
. 7 0 0 0 0 0 0 + 0 0 0  . 1 2 5 0 0

XCR* •1 4 3 2 6 4 0 + 0 0 1 - . 1 2 5 0 0 0 0 + 0 0 1 - . 7 0 0 0 0 0 0 + 0 0 0 0 0 + 0 0 1  . 1 4 3 3 0 0 0 + 0 0 1

Ak OR CR AR BR CR
. 1 4 3 2 8 0 9 * 0 0 2 . 2 0 0 3 7 6 0 + 0 0 2 .0000000 - . 1 0 5 8 7 4 0 + 0 0 1  - • 5 1 * 8 1 2 0 + 0 0 0 . 3 7 5 0 0 0 0 + 0 0 0

- . 6 1  2 5 0 0 0 + 0 0 0 - . 1 2 7 1 4 6 4 + 0 0 1 . 1 2 5 0 0 0 0 + 0 0 1 .0000000 . 1 0 0 0 0 0 0 + 0 0 2 . 1 0 0 0 0 0 0 + 0 0 2
. 6 1 2 5 0 0 0 + 0 0 0  
• 14  3 2«r. 0 9 + 0  02

- .  1 2 7 1 4 6 4  + 0 0 1  
. 2 0 0 3 7 1 6 + 0 0 2

. 1 2 5 0 0 0 0 + 0 0 1.0000000 . 1 0 5 6 7 5 0 + 0 0 1  - . 5 1 6 6 1 2 0 + 0 0 0 . 3 7 5 0 0 0 0 + 0 0 0

Fig. 9(d). Part 4 of the output giving the mesh layout parameters, and the rail , wheel coordinates
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I U .5*7.1 I-,\i "10

!< 0 U  f.’l* * « V I U  C O N T A C T  N C M ' J N

A I t T h X I E T a XI E T A

- C l . U i U '  d U '•. ••• ** ■*. a v - > i C O 0 . A 7 o 2 ? 9 6 D -fl 1 - 0 . 1  3 2 6 A A A D 0 0 0 . 5 8 9 5 2 8 1 0 - 0 1n  '• 0 . ✓ ^ ’ ' -J ; •• t: 1 - j . v 0 1 U  v f. c - r 1 G . F o 7 3 “ V 7 D - G 1 - 0 . 5 2 3 1 A E 0 D -O'l 0 . 9 1 3 5 6 2 7 0 - 0 1
- 'J . u  S ' l  ( ? D - f • 1 r- . ;; f r-1' I S - : , 1 M ’ . ' i v U n - t  1 0 . 9 9 0 1 2 3 5 5 - 0 1 • 0 . 6  1 0 9 1  7 1 0 - 0 7 0 . 9 7 6 0 7 1 0 0 - 0 1
0  • ;> ? n i* ^  d -fi 1 l». ? t  s i »■ f fc I - L 1 !,. K i J ' I M  D C 11 O . H u 7 5 A ( .  I D - 0 1 u . 1 1 9 3 7 0 0 0 0 0 0 . 6 7 7 3 5 1 2 0 - 0 1
0  . n  5 1 1 1 0  D n o G . A A " I . | 7 A 4 ( . — fjl

N O D E * 1 F 7 A 7 E t a P

1 - n . 1 x (. 1 [> (mi ( - . n e v u s  n o - 0 . I P t 2 0 - 0 1 0 . 1 3 0 3 0 0 5
? - 1.. i a - 1 1. i' c c m  i i c s r - o 1 — 0 . 1  : - 2 is — C 1 0 . 1 1 9 2  0 n i,
i - i ; . 1 ‘-i.U> G O P .  7 M M ' - 0 1 - 0 . 1 r' 6 2 0  - 0  1 0 . 7  2 A A 0 Pi.
A -C>. 1 1 I. '1 " C .  C'Of C D  C o - O . f t F A O D - 0 2 0 . 2 2 6 1 p C  5
5 - 0 . 1 A >■ 4 is 0  0 C . I S M M '  1 - O . B “ A D 0 - O 2 0 . 2 0 8 8 0 0!,
6 - 0 .  1 A Al. (jO 0 . 3 ' 7 » 7 D - P 1 - 0 . 5 “ A n D - 0 2 0 . 1 2  P A D 0 5
7 - 0 . 1  7 2 6 0 uf) f j . C O P C D  C'0 - 0 . 7 C 3 P 0 - C 2 0 . 2  7 1 1  D 0 5
8 - ri. 1 *;; <■ o O C n .  i t » a d - o i - 0 . 7 0 5 P D - 0 ? C . 2 6 2 A D 0  5
0 - o .  l ? ; 6  0  o n 0 . 3 3 6 9 0 - 0 1 - 0 . 7 P 5 “ 0 - 0 2 0 . 2 2 A A O 0 5

1 0 - o .  l o i,o 0 .  5 U 6 3 0 - G 1 - 0 . 7 C 5 f S D - O 2 0 . 1  2 8 K 0 0 5
1 1 - o . i  i .*■ a o o n C . C B ' S O D  r o - 0 . 5 A 7 A D - 0 2 0 . 3 1 1 3 0 0!.
1 2 - c  . n A T i )  o n o .  i a  u ;‘D - n - G . 5  A 7 * o - C ? 0 . 3 0 3 1 0 0 5'
1 3 - o . 1 1 1 <■  o  l: o C .  2 9 6 4 0 - 0  1 - 0 . 5  A 7 * 0 - 0  2 0 . 2 3 0  2 D 0  5
1 u - u  .11.*. 9  v  i . r> O . A - A t  D - d - 0 . 5  A 7 “ 0 - 0 2 0 . 2 3 A 6 D 0 5
1 5 . 1 1 1 i  or. 0 . 5 9 ? “ C - G 1 - u . 5 A 7 « 0 - 0 2 0 , 1  3 5 A D 0 6
U - l l . V M  2 1 - 0 1 c . r u r o D  0 0 - 0 . 5 7 5 3 0 - 0 2 0 .  3 6 1 8 0 C 5
1 7 -(• . V n 1 -i:-01 0 . ? 2 7 0 D - C 1 - 0 . 3 2 5 3 0 - 0 2 0 . 3 3 1 9 D 0 6
1 h - 0 . V n 1 7 [. - (11 0 . 6 4 * 9 0 - 0 1 - 0 . 3  2 5 3 0  - 0 2 0 . 1 9 0 9 0 0 5
1 9 -o.'j.7 ii c - o i o . o g p o d  o o - 0 . 1  0 9 5 0 - 0 2 O . A O A 1 0 0  6
? 0 -ip. 5 ;>; 1 t - o i G .  3 6  5 4 n - 0 1 - o . i r v 5 o - o ? 0 . 3 7 1 5 D 06
?1 - o . 5 ? 3 i r - o i 0 . 7 5 C 9 0 - C 1 - 0 . 1 P 9 5 S - 0 2 0 . 2 1 2 8 0 06
2 i - 0 . 1  A -,1! - 0 1 O . O C O D D  0 0 - G  . ft A 2 5 ts - 0  A 0 .  A 2 6 5 0 0 6? 3 - 0 . 1  ' t-Pi 1 r .  7 d — o  1 - 0 . 5  A 2 5  D - D  A 0 . 3 9 1 3 0 n «.
■> > r *i - 0 . 1 A M  11 - 0 1 F:. 7 7  7 1  ['-01 - G . H A 2 5 0 - O A 0 . 2 2 A 3 T ) 06
? 5 : . < •; -1. i 0 .  n i  r, r  <j - G . 7 2 5 7 0 - 0 3 0  . A 1 9 6 0 0  6
? ft o . 7 v '• c, p - n i - G . ? ' 2 5 ? 0 - G 3 0 . 3 8 5 2 0 06
2 7 U .2 ‘ '■ i, - 1; 1 P .  7 n 7 1 p - 0 1 - 0 . 7 2 5  7 0 - 0 3 0 . 2 2 0 7 D 0!*> C; u . 6 1 1. a  - o  1 O . r . o n u D  0 0 - G . 5 P 1 1 0 - 0 2 0 . 3 8 3 0 0 0 6
2 V 0  • t: 1 0  •’ (, - 0 1 0 .  J 9 f A D - 0 1 - 0 . 5 0 1 1 0 - 0 2 0 . 3 5 1 3 0 0 6
M ) U . M O ' S L - 0 1 0 . 7 g o v n - o i - 0 . 5 0 1  I D - 0 2 0 . 2 0 1 9 0 0 6
? 1 o . m .m c - c i n . c o r'UD c o - C . 1 P A A  0 - 0 1 0 . 3 3 0 5 0 05
? 2 O . f  7.87 0 - 0 1 0 . 1 N 7 3 D - 0 1 - 0 . 1  P A  A O - 0  1 0 . 3 2 8 0 0 0 5
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9(e). Part 5 of the output giving the iteration number,boundaries of the (£,n) coordinates of the final contact patch, the pressure distribution over the ce lls , the net £ and z  forces, and the n moment.
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Fig. 9(f). Part 6 of output giving the cell layout and surfactractions for the full contact patch
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ooOJ Fig. 9(g). Part 7 of output giving the six components of the stress tensor and the value of the equivalent stress at various locations beflow the surface of the body
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9(h). Illustrating the graphical interpretation of results, (a) £ pressure distribution (n=0 c=0); (b) n pressure distribution (£=0 z=0); (c) the contact patch;(d) subsurface stresses along depth (£“0 n=0)
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Fig, 10, Illustrating input data deck

ANALYSIS (CONWHEEL)0-0
3 0 0 0 0 0 0 0 . 3 0 0 0 0 0 0 0  . 0 . 3 0 . 3
- 1 . 0 5 6 7 4 - 0 . 5 1  8 8 1 2 0 . 3 7 5 - 1  . 2 5

O . U - 1 0 . 0 1 0 . 0 0  . 7
1 . 0 5 8 7 5 - 0 . 5 1  8 8 1 2 0 . 3 7 5 1 . 4 3 3

0 . 0 - 1 2 . 3  41 1 2  . 3 4  1 1 .  1 71
1 . 5 2 1 3 0 1 - 0 . 5 6 1 1 0 9 0 . 3 7 8 1 . 6 7 6

example with approach 6 = 0,003
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-  . 5 1 4  8 1 2  0 + 0 0 0  
- . 1 0 0 0 0 0 0 + 0 0 2  
- . 5 1 8 8 1 2 0 + 0 3 3

C R
. 3 7 5 0 0 0 0 + 0 0 3  
• 1 GOu u u O  +002  
. 3 7 5 0 0 0 0 + 0 0 0

Fig. 11(a). Part 4 of the output giving the mesh layout parameters, and the r a i l  wheel coordinates
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Fig. 11(b)
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- . . 3‘-3‘2'4* C j- u .23 4 ? i 17 o ' j-; , * 4 I 7 4 7 ■' ) / - ' >J. i s v w - 7 r. c o

eta
o.nrii'OD ro 0.26'-60-01 0.5 3 13 0-1 1n.L'C'-j'-. ro
0,, 43 ' 7 o--C 1r-,.00° Go CO0., 25 1D0--010., 5 “ 2 0 0 --Cl01. 6 7*00--C 15.,11640 roc.. OOPTO 000.. 3 3 7 7 o ■-Cl0.• 67 1 7 0--010.,19070 CO,13430 0 3, nc'-oo 006!,73 5eO--010., H '*2 0CO0.•OOOOO no0.,84960--010.,1t99o 00c.,30'’0 0CO0.,6 5 9 7 0--010.,15150 CO0., 1 V ■’ 9 0C j0.,COr’CO 00c.. 68 690--010., 1 3 7 2 0CO0., i44fn COc., 00r0 0000.,73’70--010.1 4 4 7 0000., 2 2 '■ 1 000c., OO'TiO ou0.,55420--010., 1 1 ' f. 0oa0., 1 7 4 J 0000 ., 2 3 7 7 0 30c., 00 03 0CIO0.,54560--31n.119 10 000.1 7 ° 70 000..23820 00c.,03030 00c., 58*50--01n.116 5 0000.17 4 10 000.23*50 000.,03000 00C.50*50--010.,1015 0000.,1 5 2 2 0000., 20*00 no
»i

-0.55332*40 o:> -II. 2 34 71 9 7c 00 -0.39155*00-02 0.159 5 7 070 00

i T A
o.i. * :• o 51 r.-• r*' ■. 1 - * 9 4 2 5 f.1)0o. 7 3 7 > w * o • i r0.2 8 6 0 2 6 4 000

7E 1*
-O.ftf’oOB-OI-0.60o«D-G1
U.sr9 3 D0.509*0C. 5 Cy b D-G.5r 9 “0-01 -0.4 19 91)-01 -0.41990-01 -0.4149D-01 -0.4 1 490-01 -0.41490-01 -0.3*420-01 -0.37420-01 -C.33920-01
-0.22240-01 -0.2 2 2 4 0 -0 1 -U.22240-01 -0.9498D-02
-6‘.9498o-i)2 -0.261 70-C2 -C.26 17o-02 *0.2617 D- 0 2 -0.2'170—02 -G. 6 1 3 70 -05 -0.613!D-05 -0.613*0-05 -U.61370-U5 -0.71790-02 -0.7179D-02 -0.7179D-02 -U.7179D-02 -0.22330-01 -0.22350 -0 1 -0.22550-01 -0.22550-01 -0.22550-01 -0.I7c5D-01 -0.35ft50-01 -0.35650-01 -0.35e5D-01 -0.35650-01 -0.5266D-01 -Q, 52640-01 -C. 52660-01 -0.57660-01 -0.52660-01 -O.74J20-O1 -0.74u20-01 -0.74020-01 -0.74020-01 -0.74020-01
fc 14

C. 10525760 000.16396110 GO0.23346490 000.26775160 00

» T
-C.32127120 DO -0.15776500 00 O.7701514D-P. 0.191&2620 00

P
O.3103D 050.27830 050.16050 C 5C. 53700 0 50.51540 050.44410 C50.25660 C50.6 4 4 5 00 50.6 4 G 1 00 50.5 8 6.9 0050.49780 0!0.2 8 ? 0 D0!.0.7 4 3 5 D0 50.7366D 050.66960 050.56000 0!O. 32340P. 8740D8«:0.8019D 0 50.46380 050.98720 050.40470 050.52530 0 50.10500 060.100SD 060.66T5D 050.45250 c:C . 1 1 0 3 D060.1 0 5 3 006C. 8 96 fc D050.5295 D050.10800 de0.1036D 060.8 8660 Cl0.52J6D 050.96230 050.93820 050.27130 05 0.72750 05 0.43130 05 0.»3390 05 0.6191C 05 0.74640 05 0.62700 05 0.3605 D 05 0.69050 05 0.67740 05 0.62060 05 0.52040 05 0.30160 05

*1
-0.32127120 OC -0.15778500 OC 0.73019140-01 0.1916268D OC

ET»
0.13095640 00 0.21241G4D CO 0.25678030 00 0.26269120 00

El*
0.13095740 00 0.21244900 00 0.25679190 00 0.26277600 00

XI
0.80650250' 0.1 275 U60

1 -0.3U-4S,2 - r . 3 r ;r A t L-P3 - G . - ' 9- i>;;0a -0.3r;Ux U 0*  ̂  ̂J C 1 1 •('t _ ‘ » f 5 1 . r,7 -D! -7 *7 :>'J-* -0. I’i 3;::.p9 -0.3217 DonUi - 0.3 ? 1 7 cyO1 1 -0.32150 on1 2 -0.39 1 »t,r.rj1 3 -0.28920 001 U -0.2847c 0 01 S* & -a.28420 Or'1 7 -U.2 6.25 UP1 s - U . 2 7 4 7 0on19 -. 27 4 7 (,OP* -0.2347c cn?.] -C.15780 0022 -0.15780 L'O?. 3 -0.15780 CO-o.fpf7 c-r 1? 5 - 0.8 r 4 7 5 -01?6 -l. .8 0 6 7 vU? 7 -0.60830-01?S -0.34160-! 1 •>-0.79)/[-0?*0 -0.7 9 If t-r»?-G . 191 6 [1-0?*2 C .77020-011 3 0.7*070-01O.7'02 0-0135 0.7,0 2l'-ti 10.1 ? 7 7 S00x 7 0.1 7 7 5 0OP0.1 ? 7 7 0no0.177*1 UPAfi i ■. 1 ? 7 r 0L °t 1 0.1 7 4 . 1,onA 2 0.15/60 onA 3 0.1 7 4 6 0orA A 0.154'tCOAS 0.15460 COA Ci 0.19160 onA 7 0.14-1*0 00A* 0.191/0 or.A 9 C . 1 4 1 6 0C 0so 0.19161) orS1 0.2 2 i ’ 0Ons<> 0.223*0 •;0S3 0.2?* 7 5OPSA 0.2 ? .1 7 oon55 0.22370 i;0
t 1 A

00 0.46457410-Cl00 0.15117130 CO01 0.22*1*700 ij n"0 0.2640 7.02 000or. 0.2 2 8 4 6 0 * 0Ti6
x -6 0 R C E = 1 7 C1. 5 ETX-FORCE- 19007.6 E1A-M0MENT= -609,9

Part of the output giving the iteration number, boundaries of the (£,n)coordinates of the final contact patch, the pressure distribution over the ce lls , the net £ and t, arid the n moment.

* . }■

forces,
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* f $ U L T $
POINT 1 NOIC FS f 111 c r r • *, 7C 0 0 K D *. a } c s
J K Xf r 7 f—— — — —— — - . ---- -............ —....._fi 4 -n.'-'A r*. n ( r- . n i' •>; 4 2 n - r .» > *3 4 t .r ,t ■f • »iH 4 4 - r , ** j,. r . rn -p. i/5 4 5 . n r . • ̂ P . 0; '• -» . z ? 26 4 t -f . r> , n -V.if 1c 4 7 - p . 4 n.̂cn -(». !i’ 1b 4 b -0.004 o.roo -0. *70d 4 9 -CV04 o.ron -r. .41 •;6 4 10 -0.n?j4 n.r-on *0.47 /8 411 -n.?*j4 o .rcn -P .Mlb 412 -n.ni}4 r-. nnr -r. 5 ̂- 7a 4 13 -n.CG4 n.ror

5 11r- S -1 p FA CE S Tc Fs s c0 » PONE N TS EQUIVM. ENTsm ssS X X- . . S Y Y... S 77 S nr s rz S 7X s rc- f . ’■ * 9 0r - j • .* 2 \ t C5 -C.ir/r C -0.31 3D 03 -C.2-U0 oi 0.3116 Cl 0.305br"s - 0 . <• 2 ! Dl > -C.i:i: r - C . 1 0 Das -0.r'-45 r.? -0.7S1D 0 3 0.5210- . ; .; ’ - " r» -C .9 1 - f-03 - G . • 4 9 DQ_J - 0 . 9 j D(i 3 -0.1050 03 C . 6 2 21r.*• — VJ • ■ < < Wi 5 03 -0.49cn 0 3 -0.2WO 0 . S 4 9 0C3 G . 6 ; 9 0•. r.- 'J .:.7<b (U - 0 . cp; r1:3 -G.4'cD Ml -0;3450 03 0.155D 04 C.5 r ?D 0 5- . .* ? 3 0.,4 -G • i 2 7 0C4 •O.MiC os -0.3®?D 1)1 -0.JP3D 03 0•194 D04 0.529D 05-G.y3)304 -C .443 h03 -C• 3 20 003 - 0 . 6 5 00 3 0.1940 04 • 0.4640 o'*- ‘J • 2 6 5 004 -o. ;■ e ?o 03 -0.4176 lb -0.2300 0 3 -0.5266 03 0.1780 04 0.4 0 1 &0 4-C . UOD f 1 4 0 . i? 7 1 D03 -C .3 54C.Hi -0.1920 03 03 0•15 6004 C. 346D' <-r.5 21 6C3 0.5570 0 3 -0.J026 os -o.ueo 03 -0,2390 01 0.133D C4 0.30?D 05-C. jt 2 60 3 0.fc»2603 -0.2606 Ui -0,1140 03 -0.2006 03 0.11 3D 04 Q.262D 0 5-G.447D r-2 0.?41D 03 -0.2250 1)1 -0.S856 <>? -0.1666 03 0.9520 03 0.229C 'i«.a.iind 0 3 G o 74 JO 03 -0.1960 os -o.t'X.o 02 -Q.14GD 03 0.6016 03 0.2016 05

Fig. 11(c). Part 7 of output giving the six components of the equivalent stress at various locations below the surface of the bodyCO00
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P(K$|) P(KSI)

Fig. 11(d). Illustrating the graphical interpretation of results, (a) £ pressure distribution (n=0 c=0) (b) n pressure distribution (£=0 c=0) (c) the contact patch (d) subsurface stresses along. depth (£=0 n=0)
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12. Program Listing
CONWH E E L

******** ******** ******* **>-** *************************** ***************
P R OG R A M  CON WHE E L

8 Y B . P A  (JL AND S .  SI  NGH
D E P A R T M E N T  OF M E C H A N I C A L  E N G I N E E R I N G  
U N I V E R S I T Y  OF P E N N S Y L V A N I A  
P H I L A D E L P H I A
P . A .  1 9 I 0 A

MA-RCH 19 i >2

* * * * * * * * * P U R P 0 S £

TO A N A L Y Z E  C O N T A C T  S T R E S S E S  I N R A I L S  A N D  W H E E L S

1 . T H E  B O U N D A R I E S  OF THE  C O N T A C T  P A T C H .
2 .  THE N O R M A L  C O N T A C T  P R E S S U R E  ( P )  D I S T R I B U T I O N .
3 .  THE T O T A L  F O R C E  AND MOMENT  DUE T O  P .
A . T H E  S TATE  OF S T R E S S  B E L OW T H E  S U R F A C E .
5 , THE E Q U I V A L E N T  ( J 2 >  S T R E S S  AT S U B S U R F A C E  P O I N T S .

* * * * * * * * * r e f e r e n c e s

1 .  U S E R ' S  M A N U A L  FOR P R O G R A M  C O N W H E E L .
B . P A U L  AND S . S I N G H , T E C r t N 1 C A L  R E P O R T  N 0 . 1 O , M A R C H  1 9 6 2  .  
C O N T R A C T  D T F R  S 3 - 8 1  - C - 0 0 2 2  7 ,  F . R  .  A .

2 .  C O N T A C T  S T R E S S E S  I N  B O D I E S  WI TH  A R B I T R A R Y  G E O M E T R Y ,  
A P P L I C A T I O N S  TO WH E E L S  AND R A I L S .
J .  HA SH E MI AND B . P A  UL  , T E C HN I  C A L  R E P O R T  N G .  7 , A P R I L  1 9 7 9  
F R A / O R D - 7 9 - 2 3 , C O N T R A C T  D O T - O S - f cG1 4 4 , P B  2 9 9 A 0 9 / A S .

5 . C O N T A C T  G E O M E T R Y  A S S O C I A T E D  WI T H  A R B I T R A R Y  W h E E L  AND 
AND R A I L  P R O F I L E S . I N  T HE  G E N E R A L  P R O B L E M  OF R O L L I N G  
C O N T A C T S  , B  . P A U L  AND J  . H  A S H EM 1 , A M D- VO. L  4 0  , ED . A  . L  . 3  R OWNE 
AND N . T . T S A I , A M E R I C A N  S O C I E T Y  OF  M E C H A N I C A L  E N G I N E E R S ,  
N Y , 1 9 H u , P P  9 3 - 1 0 5

A .  C O N T A C T  P R E S S U R E S  ON C L O S E L Y  C O N F O R M I N G  E L A S T I C  3 0 D I E S
B . P A U L  AND J  . H A S H  E M I ,  S O L I D  C O N T A C T  AND L U B R I C A T I O N ,  
A M D - V O L  . 3 9  , E  D .  H . S . C H E N G  AND L .  M .k. E E-R , A M E R 1 C A N S O C I E T Y  
OF M E C H A N I C A L  E N GI  N E ER S , N Y , 1 9 8 0  , P P  6 7 - 7 8 .

* * * * * * * * P R I M A R Y  S U B R O U T I N E S  U S E D

1 .  MI D S E P
2 .  i n s e p  NOTE: The following Device Numbers have been assigned
3 .  c CNF o?t
4 .  SUB S I S

NNR = 15 (Read Device No.) 
s t o p  M I D S E P  NNW = 16 (Write Device No.)
END
S U B R O U T I N E  M I D S E P

P R O G R A M  - M I D  S E P -

P U R P O S E .............
TO F I N D  I N I T I A L  S E P A R A T I O N  B E T W E E N  R A I L - W H E E L  I N • M I D P L A N E  , 

AND C A L C U L A T E  T R A N S F O R M E D  R A I L - W H E E L  P A R A M E T E R S .

HE T H O D  . . . . .
S E E  " R A I L  AND WHEEL  G E O M E T R Y  A S S O C I A T E D  W I T H  C O N T A C T  S T R E E S S  

A N A L Y S I S "  B Y  3 .  P A U L  AND J .  H A S H E M I

S T A N D A R D  S U B P R O G R A M S . . . . .
S U B R O U T I N E  R A I L U  ( X R 0 ,  Z R 0 ,  T E T AR )
S U B R O U T I N E  wH E E L  0 t X WO,  Z Vi G, T ET  A W )
S U B R O U T I N E  R A I L  ( X ,  Z E T A R )
S U B R O U T I N E  W H E E L  ( X , Z E T A W )
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r»
f»
r5
ô
î
ri
 r** 
r' o

 r*1 
no
rr
ic
rr
i r
*.

C GNW H E E L

C
C I N P U T  V A R I A B L E S . . . . .

N* N U M B E R  OF S E G M E N T S  IN W H E E L  P R O F I L E
NR N U M B E R  OF S E G M E N T S  IN R A I L  P R O F I L E
XWC X - C O O R D .  OF WH E E L  I N I T I A L  C O N T A C T  P O I N T
XRC X - C O O R D .  OF R A I L  I N I T I A L  C O N T A C T  P O I N T
X l L , X I R  L E F T  AND R I G H T  XI  B O U N D A R I E S  
AR , b R  |C R C O O R D S .  AND R A D U I S  OF R A I L  ARC  C E N T E R S  

- X C R X - C O O R D .  OF R A I L  S E G M E N T  END P O I N T
A w , f c W, C W C O O R D S .  AND R A D U I S  OF  W H E E L  A R C  C E N T E R S  
XCW X - C O O R D .  OF WHEEL  S E G M E N T  END P O I N T

I N P U T  A R R A N G E M E N T S . . . ,
I D  . F ORMA T V A R I A 8 L E S

A ( 2 OA a ) T I T L E
3 ( 4 F  1 2 . 0 , 4 1  3) X W C , X R C ,  X
C (6 F 1 2 . 0 ) A R , B R , CR
D (6 F 12 • U ) XCR ( 1 )
E ( 6  f  1 l  .  U) A W , b W , C W
F <6F 1 2 . 0 ) XCW

N.N'w , N R

I M P L I C I T  RE A L *  8 < A - H f 0 - Z )
D I M E N S I O N  XGF  F k ( 9 9 ) , YOF F R ( 9 9 ) , XO F F W ( 9 9 )  , Y O  F F W ( 9 9 )
D I M E N S I O N  X I ( 2 0 G ) , D Z ( 2 0 0 )
C O M M O N / P R O B  0 1 / T I T L E ( 2 0 ) , R A T ( 1 0 ) , Y B ( 2 0 )  , N Y ( 2 0 )  t N X ( 1 Q ) , NW, NR * K S EG  
C 0 M M 0 N / R A l L C 1 / A T R ( 9 9 ) f  B T R ( 9  9 )  , CR ( 9 9 ) ,  X I CR ( 9 9  ) ,  NR1 
C 0 M MO N / R A I L  G2 / A R ( 9 9 )  , 8 R ( 9 9 > , X C R ( 9 9 )
COM MON/  WHE E 01 /  A T k ( 9 9  ) t B T w(  9 9 )  , CW ( 9 9 )  »X ICW ( 9 9 )  ,NW1 
l 0 M M O N / t f H E £ 0 2 / A W ( 9 9 ) , 6 W ( 9 9 ) t X C W ( 9 9 )
C 0 M MON / WHE t  03 /  ZC W ( 9 9  )
COM. MON/WHEE 0 4 / X W C , Z W C , T E T A W . R W , X R  C , D E L T A , X  B L , X B R , E P S , I T M , N X 3 , I B U G  
COM MON/ B OD  Y 1 / E 1 , A NU1  , M N R ,  N N k 
C O M M O N / B O D Y ? / E 2 , A N U 2  
NN R - 1  5 
NN w =T6

1 R E A D ( N N R . t O t ) ( T I T L E ( I ) , I = 1» 2 0 )
REA D ( N n R , 1  0 0 )  NW,  N R , N O f  F , N S E G ,  I TM , I 0 P T  , I B U G  , E P S  
REA D ( N N R , 1 0 a ) D E L T A , X W C , X R C , R W , E 1 » E 2 , A N U 1 , A N U 2  
I F  ( N S E 6 • EQ • 0)  3 0 TO 1 0 
REA  D ( NNR , 1  O' ?) ( NX ( I  ) , 1 = 1 , N S E G )
R E A D ( N N R  , 1 0 4 )  ( R A T C I )  , 1  = 1 , N S E 6 >
GO TO 20  

10 N S E 6=3  
NX ( 1 ) =4 
N X ( 2 ) = 5  
NX ( 3 ) =4 
R A T  (1 ) =0 . 2  
R A T  ( 2 )  = 0 . 6  
R A T  ( 3 )  = 0 . 2  

20  C O N T I N U E
I F ( E P S . E Q . U . 0 ) E P $ = 0 . 0 1  
I F  ( I TM . E G . 0 ) 1 T M = 1 0  
C O N T I N U E
I F  (N O F F .  E Q . U )  GO TO 2
R E A D ( N N R , 1 0 4 ) ( X O F F R ( I )  , Y O F F R ( I ) , 1  = 1 , NR  )
REA  D ( N N R  , 1 0 4 )  ( XOF F  W ( I )  , YOF  FW C I ) , 1  = 1 , N W )
C A L L  OF F ( N R  , X 0 F F R , YOF F  R , A R ,  6 R , C R  , X C R , N R 2 )
C A L L  O F F ( N W  , X O F  F « f Y O F F W , A W , B k  , C W , X C W , NW 2 )
N R = N R 2 - 1  
NW = Nw2 - 1  
NR 1 =N R - 1  .
NW 1 =N W-1 
GO TO h  

2  C O N T I N U E
NR 1 =N R - 1  
NW 1 =N W —1
R E A D ( N N R  , 1 0 4 )  ( A R ( I )  , B R ( I  ) , CR ( I ) ,. X GR ( I > , 1= 1 , NR )
REA D ( N N R  , 1 G4 )  ( AW(  1 ) , B W ( 1  ) , CW ( I  ) , X CW ( I ) , 1 = 1 , NW )■

4 C O N T I N U E
C A l L  R A I L O  ( X R C ,  Z R C ,  T E T A R )
C A L L  W H E E L U  ( XwC « ZWC , T  f cTAW)
X I l =~R W/ 2 Q . O  
X I R =-  X I L  / 2 . 0  
NX b =1 0
K=DA6  S ( X I L / N X B )
J = 1
X I { 1 ) =  X I L 

fjQ X = X 1 ( J ) 43



C0NWH EEL

2U

90

95

20 0

S O  TO 9 5
( T I T L E  ( I ) , . . 1 = 1 , 2 0 )

X w C , Z WC, T E T a W

( aw c i  ) ,  aw ( i ) ,  cw ( i  ) ,  i = 1 ,  nw > 

( ATt e( I ) , BTW ( I. > , 1=1  ,NW>

C XCW(  I )  , Z C W ( I ) , I = 1 , N W 1 ) 

( X 1 C W ( I ) , I = 1 , N W 1 )

( X I C R ( I > , 1 = 1 , N R  1)

BTR  ( I ) , CR (I ) , I =1 , NR  ) 
T E T A R

210
220

100 101 102 
1 0 3  1 C‘4
1 0 5106 
1 G7  
1 0 8  1 b y 110 111 112
1 1 3
1 1 4
1 1 5
1 1 6  
1 1 7  
11c 
1 1 9

C A L L  R A I L  ( X » Z E T A R )
C A L L  WH E E L  1 ( X , Z E T A W )
DZ ( J ) = Z F T A  * - Z E T A k  
I F  ( D A b S ( X )  <UT . . 1 D - 1  2)  GO TO 8 0  
H =: X IR  / N X c
I F  ( X . 6 T . X 1 R )  GO  T O  9Q 
1 =  J -*1
X I ( I> = X1 ( J ) +H
J  -  T

toO To  50 
COH T I N U E  
I F  ( I B U G . E a . O I  
W R I T E  CNNW , 1 0 2 )
W R I T t ( N N W , 1 0 7 )
WR1 T t C N N t a , !  06 )
W R 1 T E ( N N w , 1 0 9 )
WR1 T E ( N N W , 1  1U)
WR i T E ( N N W  , 1 1 1 )
W R I T E ( N N W , 1  12 )
WR i  T E ( N N W  , 1  1 3 )
WR i  T E ( N N W , 1  12)
WR 1 TE CNN*  , 1  1*,)
W R I T E ( N N w , 1 1 3 )
W R I T E ( N N W , 1  1 6 )
W R I T E ( N N W  , 1  1 / )
WR I TE ( N N W,  1 13 )
W R 1 T E ( N N W , 1 1d )
W R I T E ( h \ w , 1 1 0 )  ( A T k ( I )
W R I T E  (NNW’ , 1 2 5 )  X R C , Z R C  
w R I T E  ( N N W , 1 2 1 )
W R I T E ( N N  W , 1 1 2 )
W R I T E ( N N W , 1 2 2 )
W R I T E ( N N W , 1 1 5 )
* R I T E ( N N W , 1 1 9 )
WRITE.  ( NNW,  1 0 3 )  
w R I  TE ( N N W , 1 Go )
C O N T I N U E  
W R I T E ( N N w , 1  2 a )

DO 2 2  0 I N =  1, 2 I f  ( I N . E Q . 1 )
I F  ( I N . E G . 2)
0 E L X = X X * G . G u G G 1  
X 1 - X  X
C A L L  R A I L  ( X 1 . Z E T A R )
C A L L  w H E E L K X  1,  Z E T A w )
Z 1 = ( Z £ T A W - Z E  T A R ) - D E L T A
X 2 =X X -*D E L X
C A L L  R A I L  C X 2 , Z E T A R )
C A L L  WHEE L i t  X 2 ,  ZE TA W)
Z 2 = t Z c T A W - Z E T A R ) - D E L T A
D t X = Z 1 * ( X 2 - X l ) / ( Z Z - Z l >
I F  ( D A B S ( D E X )  . L E  » D A B S ( 1 G . * D E L X ) ) 6 0  TO 210  
X X = X 1 - D E  X
6 0  TO 2 GO
I F  ( I n . E Q . 1) XB L= XX 
I F  C I N . E Q . 2 )  XBR  = XX 
C O N T I N U E  

C A L L  I N T P E N  
R t  TURN

F OR MA T  ( & I 5 . F 1 G . 0 )
F O R M A T  ( 2  0 A 4 j
F O R M A T  (1 H 1 , 1 5 X , 2 0 A 4 / )
F O R M A T  ( 1 6 1 5 )
F O R M A T  ( S F 1 G . Q )
F O R M A T  (1 H1 , / / , 2 l X , ' X I ' , 1 2 X , ' D E L T A  ZET A 
FO H MA T ( / ( 1 OX t■ 2E 1 8 . 7 , 3  X * 2 E 1fc .  7 ) * 1 H 1 )

( / , 1  G X ,  ' W H E E L  P A R A M E T E R S ' )
( / f  1 5 x  t ' X w C - '  , E 15 • 7 ,  2 X 
( / , 1  ? X  , 2 (  ' A W '  , 1 2 X , ' b W '  
( 9 X , 3 t 1 5 . 7 , 3 X , 3 E T 5 » 7 )
( / , 1 6 X , i t ' A T W  ,  1 2 X , ' B T W  
( 9 X  , ? £  1 5 . 7 *  3X 
( / , 1 6 X , 3 ( ' X C W  
( / , 1 &X  , a t  ' X I C  W 
( 9 X  , 6E 1 5 . 7 )
< / , l  Ok ,  ' R A I L  P A R A M E T E R S ' )
( / , 1 6 X , 6 (  ' X I C  R '  , 11 X ) )

( A R C I  ) i  S R (  1 ) , 1 = 1., NR )

( X C R ( I )  , 1 = 1 , N R 1 )
X I  L  ,  X I R , N ,  N W , N R

( X I  ( I  ) ,  £)Z( I  ) , 1 = 1 , J )

X X = X I  L 
X X= X I R

13X  , ' X  1 12  X , ' D E L T A

f  Ok  MA T 
FOR m  T 
FOR MAT  
F OR MA T  
FOR MA T 
FOR Ma T 
FOR MA T 
F O R M A T  
FORMA T 
F 0 R MA T 
FOR MA T 
FOR MAT 
E 0 k MA T

, ' Z W C  = ' , E  1 5 . 7 , 2X 
, 1 2  X , ' C W ' , 1 8 X  ) )

' T H E T A W = ' , E 1 5

,  1 5 X ) >
, 2 E 1 5 . 7 , 3 X , 2 E 1 5 . 7 )

1 2 X , ' Z C W  ,11X35 1 5 X ) )

( /  ,1 ex  , 2(  ' ATR' ,
( / , 1 t  X , X I. L  = , F:

1 2 X , ' B T R  
1 5 . 7 , 3  X , -3 3x

X IR  ='
44

' C R ' , 1  5X ) ) 
, E  1 5 . 7 , 3 X , N =  ,  I  i ' NW

Z E T A ' )  
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(
C G N W H t  E L

$ 1 2 , 3 X  , ' N R  = '  , 1 2 )
121  F 0 K WA T ( / , 1 8 x , 3 (  ' A R '  1 3 X , ' B R ' , 1 3 X ) )
1 2 2  F O R M A T  ( / , 1 5 X , f c ( ' X C R , 1 2 X ) )
1 2 3  F O R M A T  C / , 1 5 X ,  ' X  RC = ' ,  E 1 5 . ? ,  2 X , '  Z R C = '  t E 1 5 . 7 , 2X , ' TH E T A R = ' ,  E 1 5 . 7  )
1 2 *  F O R M A T  C 1 H 1 )  -

E N i>
S U B R O U T I N E  k A I L O  ( X , 2 , T ET A )

P U R P O S E . . . . .
t o  f i n d  z - c o o r d .  a n d  s l o p e  o f  r a i l  p r o f i l e  a t  i n i t i a l

C O N T A C T  P O I N T .

. M E T H O D . . . . .
S E E  " R A I L  AND WH E E L  G E O M E T R Y  A S S O C I A T E D  W I T H  C O N T A C T  S T R E E S S  

A N A L Y S I S "  b Y  3 .  P A U L  AND J .  ■ H A S H E M I

I M P L I C I T - R E A L * S  ( A - H . O - Z )
D I M E N S I O N  Z C ( 9 9 )
COM MON/ R A I L 0 1 / A T R ( 9 9 ) ,  B T R ( 9 9 ) , CR ( 9 9 ) , X I C R ( 9 9 ) , N f i l  
COM M O N / R A I L  0 2 / A ( 9 9 ) , 6 ( 9 9 ) , X C ( 9 9 )
NR = NR 1 +1 
DO 5 1 = 1 ,  NR 1 
I F  ( X . L E  . X C  ( I )  ) GO TO 6 

5 C O N T I N U E
I = NR

s  I F  ( CR  ( 1  ) . E  Q . G  . 0 )  SO TO 7
i = h  ( I ) + D S Q R T ( C  R ( I ) * * 2 - ( X - A ( 1 ) )  * * 2 )
T E T A = DA TA N ( (A ( 1 ) - X  ) /  ( Z - B (  I ) ) )II = 1
GO Ti i  t  

1 11=0
L - k  ( I ) * X -*3 ( I )
T F T A = D A T A N ( A ( I > )  

h  CT = DCOS  ( TE  TA)
S T = D S I N ( T E T A )
DO 13 1 = 1 , NR
I F  ( C R (  I ) .  E O . Q . 0 )  GO TO 1 2  
I F  ( l . E G . N R )  GO TO 1 0
Z C ( I ) = 6 ( I ) + DSQ R T ( C  R ( I )  * * 2 - ( X C  C I ) - A ( I ) ) * * 2 )

10 AX =A CI  ) —X 
B Z = 5 ( I > - Z
A T R  (1 ) =A X*C 7 + 3 2* ST 
B T R  ( I ) = - A X * S T + B Z  + C T 
GO TO 13

12  A S C = A  ( I ) * S T + C T  
A T h ( 1 ) = ( A ( I ) * C T - S T ) / A S C  
B T R  ( I  ) = CA C i  ) *  X + 3 ( I ) - Z )  / A S C  
I F  ( I . E Q . N R )  GO TO 1 3
Z C < 1)  =A ( I  ) * XL ( I ) * B ( I  )

13  C O N T I N U E
I F  C I I . E G . O )  GO TO 1 5  '
A T R  ( I  I )  =0 . 0  
B T R  < I I ) = - C R  ( I I )

15  DO 2Q 1 = 1 , NR1
20 X I  C R C l  )= ( XC ( I  ) - X > * C T - * (  Z C (  I > - Z  >*S T

RET  URN 
END
S U B R O U T I N E  WHEE L  U ( X , Z , T E T A )

P U R P O S E . . . . .
M E T h O D . . . . . .

S E E  “ R A I L  AND WH E E L  G E O M E T R Y  A S S O C I A T E D  W I T H  C O N T A C T  S T R E E S S  
A N A L Y S I S ”  8 Y 3 .  P A U L  A ft D J .  H A S H E M I

I M P L I C I T  RE A L *  8 ( A - H . O - Z )
COM M O N / WHE E 0 1 7  A TW ( 9 9 ) , H T W ( 9 9 ) , C W ( 9 9 ) , X I C W ( 9 9 >  , NWl  
C OMMON/ WH E E  0 2 / A C 9 9 ) * B ( 9 9 ) , X C ( < S 9 )
COM MON >WHEE Ob  t Z C ( 9 9 )NW = NW1 +1 
DO 5 1=1 , NW1 
I F  ( X . L E . X C  ( 1 )  ) GO TO S  

5 C O N T I N U E  
I = Nfe 45



C O N W H F  E L

& I F  (CW ( I  ) . E  G . O . G )  SO TO 1 0
2 = B ( I )+ D S G R T C C WCI ) **2-<X - A C  I ))* * 2 )
TE T A - D A T A N ( ( A ( I )  - X )  / ( Z - S C I  ) )  )
11 = 1
0 0  TO 12

10 2 =A (1 ) * X + 8 ( 1)
TE T A=DA TAN ( A(  I  ) )11=0 1

12  C T = D C O S ( T E T A >
ST = DS I N  CTE TA )
DO 2G 1 = 1 ,  MW
I F  (CW ( I ) . E O . O . O )  SO TO 15 
I F  ( I . E 3 . N W )  GO TO 1 5
2C C l > = B ( 1 ) + D S QR T C C  w C I ) * * 2 - (  X C ( I ) - A  l I  ) ) * * 2 )

13  A X = A ( 1 )  -  X 
c 7  = B ( I ) - 7
A T w ( 1 ) = A  X * C T + 3  2 * S T
B.Tw ( I  ) = - A X *  ST + 6 Z * C  T
0 0  TO 2 0

15  A S C = A - ( J ) * S 1 + C T
A T w ( 1 ) = < A ( 1 ) * C T - S T ) / A S C  
b T *  (1 > = (.A ( 1 )  * X+B C I ) - 2 )  / ASC  
I F  ( l . E Q . N W )  S O  TO 2 0  
Z C ( 1 )  =A ( 1 ) *  X + 3 ( I  )

2J  C O N T I N U E
i F  ( I I . E Q . y  S O  TO 2 4  
A T W ( i 1 )=G . u  bTt* CI1) = -CW (II)

2 a DO 25 I = 1 i N W1
25 X I'C'W ( I ) = (XC C l )  - X ) * C T - * S T * ( Z C ( I ) - Z )

R E T U R N
E N D ’
S U B R O U T I N E  PA I L ( X I  , Z E T  A)

C(.----------------------- ------------------------------------- ----
C P U R P O S E . . . . .
C TO C A L C U L A T E  THE  ZE T A —C O M P O N E N T  OF  T H E  P R O F I L E  OF  R A I L
t FOR . A N Y  G I V E N  ' XI

C ME I H O D . . . . .
C S E E  “ G E O M E T R Y  OF R A I L  AND W H E E L "  BY  b .  P A U L  AND J .  H A S H E K I .
C
C D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
t  X I  X - C O M P O N E N T  OF  THE  P O I N T  I N  Q U E S T I O N
C 2 E TA Z - C  O M P O N E N T  OF  THE  P O I N T  TO B E  R E T U R N E D  TO
C - C A L L I N G  P R O G R A M
C----------------------------------------------------------------------------------------------------------------------------------------------------------
c

I M P L I C I T  RE Ai .  * d ( A - H * 0 - Z )
COM M O N / R A I L O  17  A I R ( 9 9 ) , 8 T R ( 9 9 ) , C R  ( 9 9 ) , X I C f t ( 9 9 )  , NR 1 
DO 5 1 = 1 , N R 1
I F  ( X l . L E . X l C R ( I ) )  GO TO «

5 C 0  N T I N  U E1 = N R1 +1
S I F  ( C R  ( I ) , E  Q . O  . 0 )  GO TO TO

Z E T A = B  T R ( 1 ) * 0 S Q R T ( C R  ( I  ) * * 2 - ( X I - A T R  ( I )  ) * * 2 )
GO TO 2 0  ,

1U Z E T A =A T R ( I ) * A I + 3 T R ( I )
20 R E T  UR N  

tNu
S U B R O U T I N E  W H E E L )  C X I , Z E T A )

C

c
C P U R P O S E . . . . .
C T O  C A L C U L A T E  THE Z c T A - C O M P O N ' E N T  OF T H E  W H E E L  P R O F I L E
C FOR ANY  G I V E N  X I .I
C M E T H O D . . . . .
C S E E  “ R A I L  AND WHE E L  G E O M E T R Y  A S S O C I A T E D  » I T H  C O N T A C T  S T R E E S S
L A N A L Y S I S "  B Y  3 .  P A U L  AND J .  H A S H E M I
C
C ------------------------------------------------------------------ ------------- -------------------------------c

I M P L I C I T  RE A L * * !  ( A - H , 0 - Z )
COMMON/ WHE E  0 1 /  ATwC 99  ) f 8TWC 9 9 )  , CW <99 ) , X I.CW C 9 9  ) , NW1 
DO 5 1=1 ,N*<1
I F  ( X I . L E . X I C W  < I > )  S O  TO 8 

5 C O N T I N U E  46
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C C N W H E E L

1 = Pi W1 +1
b IF  ( C W ( I ) . t 0 . 0  . 0 )  GO TO 10

l  E T A =1 T W ( I  ) +i> S  Q.R T ( C W ( I  ) * * 2 -  ( X I  -  A T  U ( I ) ) *•* 2 )
0 0  T O  c O

10 Z E T A = A T W ( I  ) * X I * B T W ( I  )
c  Li R ET  URN END

S U B R O U T I N E  I. N T P E N

PKCtR«t< IN TER PEN 

PURPOSE......
TO FIND THE I N T E R P E N E T R A T I O N  CURVE FOR R A I L  AND WHEEL CO NT A C T  

S T R E S S  A N A L Y S I S

ME T H O D ............
SEE  " R a i l  a n d  WHEEL g e o m e t r y  A S S O C I A T E D  WITH c o n t a c t  s t r e e s s  

A N A L Y S I S "  B Y  3 .  PAUL AND J .  HASHEMJ

STANDARD S U B P R O G R A M S . . . . .
SUBROUTINE R A I L  ( X , Z R )
SUB F UNCTI ON Y R W( X , Z w)

I N P U T  V A R I A B L E S . . . . .
NW NUMBER OF SEGMENTS- IN WHEEL P R O F I L E
H R  NUMBER OF SEGMENTS IN R A I L  P R O F I L E
XwC X - C G O R D .  OF WHEEL I N I T I A L  CONT ACT  P OI NT
ZWC Z - C O O R D .  OF WHEEL I N I T I A L  CONT ACT  P OI NT
AW, B W, C *  C O O R D S .  AND RADUI S  OF WHEEL.  ARC C E NT E R S  
XCW X - C O O R D .  OF WHEEL SEGMENT END P O I N T

I N P U T  A R R A N G E M E N T S . . . .
c a r d  i d  f o r m a t  v a r i a b l e s

A (2 0 A w )  . T I T L E
D (ti F 1 c .  0) AW t  B W ,  CW
E <6F1e . 0) XCW

I M P L I C I T  R E A L * o  < A - H , 0 - Z )
D I M E N S I O N  X ( 2 0 0 J  , YC2CG- )
D I M E N S I O N  X B C 1 G G )
D I M E N S I O N  h XB  ( 1G)  t X QG(  1 0 )
C O M M O N / P R O B  01 / T1 T L E  < 2G ) , R A T C 10  ) » YB ( 20  ) , N Y ( 2 0 )  , N X ( 1 0 )  , NWf N R , N S E G  
C O M M O N / R A I L 0 1 / A T R ( 9 9 ) , B T R C 9 9 ) f CR ( 9 9 ) » X 1 C R ( 9 9 )  , N R 1  COI*M0N/RAIL0e /AR(99),Bft(99),XCR(99)
C C M M G N / W H E E  G 1 / A T * ( 9 9 ) , B T W ( 9 9 ) , C W ( 9 9 ) , X I C W ( 9 9 ) , NWl  
C O M M O N / WHE E  0 2 / A W ( 9 9 )  ,  B * < 9 9 ) , X C W ( 9 9 )
C 0 ft MO N /  w HE t  .OS /  ZC W ( 9 9  )
COM MON/ WHEE  0 4 / XwC * ZW C , T E T A W . R w , X R  C * D E L T A  »X B L ,  X 6R  » E P S  * I T M . N X 3  f I B UG  
COM M G N / B O D Y 1 / E 1 » A N U 1 * N N R , N N W  

c .
c . . . . . I N  P U T  DATA  

NW1 =NW-1 
NR 1 =N R —1

C
C . . . . . F I N D  L E F T  E Q U A L L Y  S P A C E D  I N T E R V A L S  

H = 0 A 8 S ( XB L ) / N X 8 
1=1
X ( I  ) = XB L 
XX = XBLc

C . . « « . F I t t D  z e t a  g f  r a i l
50 C A L L  R A I L  ( X X , Z R >

ZW = DELTA- *ZR
c
C . . . . . F I N D  ETA OF I N T E R P E N E T R A T I O N  C U R V E  

Y ( I ) =YRW ( XX  ,Z.W)J = I +T
X ( J ) = X C I ) * H  
X X = X ( J )
I = J
I F  ( D A B S  ( X X )  . G T . G . 1 D  - 1 2 )  GU TO 9 0  

C
C . . . . . F I W D  RIGHT E Q U A L L Y  S P A C E D  I N T E R V A L S  H=XBR/NXe

9 0  I F  ( X X . L E . x 6 R )  GO TO 5 u
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CCN«h E EL i

V5

1C

101
1 u 2 
1Ci 
104  
10 5 
10c 1 0 7 10c 10 y 110 111 112 
1 1 5  11c 
1 1 7  11c 
1 1 9  1 22

N= I -1
IF ( I D U r . E & . O )
* R I T E ( N N to , 1 0 )
* R 1 7 E ( N N W , 1 P ) 
w R i T E  ( W u ,  i 11)  
w R I 7 E ( N N w , 1 Cc )
* F I TE < NNt. , 1 C > ) 
t*Ri 7F.  (NNVw»11u)  
to; P X 7E ( N N w , 1 22 )  
WR 1 7 E ( N N W, 1  1c )  
wf7i .TE($«Nto,1 1o)  
w P I T E  < N N to , 1 U )  
w R i  TE (NNto,  1 75 ) 
v»R I TE(  NNto,1 1c ) 
wRI  T E <NN* , 1  1u)  
wRX T E <NN* , 1 1* 
<*Ri 7c ( N N <*, 1 0c ) 
t o R I T E ( N N w , 1 0 5 )  
C ON T I NUE
* R i  T E ( N N to , 1 12)  

E d  =  X S ft -  X 6  L
mx =c

3 c  TO 7 5  
T I T L E
D E L I A , X B L , X B F  

X to C , Z to C , T E T A w

( Ato( I ) , cW< I ) , CW (1 ) , 1 = 1 , NW )

( X C to ( I ) , I = 1 , MR 1 )

( X I C R ( l ) , i = 1 * N R 1 )

( AT ft( I ) , BT R ( I ) , Cfc ( I ) , 1 = 1 ,  NR)P to , N W , M ft
( X ( I ) , ¥ ( ! ) , ! = 1 , N )

X u G (1 ) = X B l
DO 10 1=1 , NSEG
X O C  CI + 1 ) = 8 5 * R A T  ( I ) ♦ X 0 G (  I )
Ha B ( I ) =69 * RAT ( I ) / NX (1 )
N X  I = N X ( I )DO 1C J=1 ,NAI MX =KX*1xbCMx)=xOua)y<(j-D+o.5)*HXB(i)
X X = X B  ( M X )
C A L L  f t A I L  ( A X , 2 k ) 
Z * = D E l TA-*ZR 
Y s ( » X )  = Y R » ( a X , 2 w) 
CONT I NUE  

C A l L C ONTO* 
ftE T URN

F O R M A T  S T A T E M E N T S  
f O k M a T (2 0A 4)
FORMAT ( 1 h 1 ,  It, 1 5 X ,  2 OA 4 / )
FOft MAT < 3 F 1 2 . 3  , 3 1 5> 
f 0 R MA T ( 6 F 1 2 . 0  )
FORMAT ( 1 0 a , 2 E 16 • ? ,  3 a . 2 E 1 6 . 7  )
FORMAT ( / , 1 V x , 2 ( ' X l ' » 1 2 X , ' E T A ' , 1 c X ) )
FORMAT ( / , 1 C x , ' D E L 7 A = ' , F 1 2 . 5 , 5 X , ' X 6 L = ' , E 1 2 . 5 , 5 X T ' X b P = '  
FORMAT < / , 2  0 x , ' X t o C = ' , E 1 5 . 7 , 2 X , ' Z i « C  = ' , E l 5 . . 7 , 2 x » ' T t T A W  = '  
FORMA T ( / , V 4 , 2 < ' A * ' , 1 2 X , ' S t o ' , 1 2 X « ' C t o ' , 1 o X > )
FORMAT  ( V X , 3 c 1 5 . 7 , 3 X , 3 E 1 5 . 7 )  
f o r m a t  ( / , 1 0 a , ' WH E E L  P A R A M E T E R S ' )
F O R M A T  ( 1 H 1 )
FORMAT ( V A , C c 1 5  . 7 )
FORMAT < 7 ,1  OX ,  ' f t A I L  P A R A M E T E R S ' )
FORMAT ( / , 1 6X , 0  ( ' X I  C f t ' , 11 X ) )
FOR Mm T C / , l 6 A , 2 < ' A T R ' , 1 2 X , ' E T R ' , 1 3 X t ' C R ' , 1 5 X ) )
FORMAT ( / , 1 2 x , ' R W = ' f E l 5 . 7 , 3 X , ' N t t  = ' , I 2 , 3 X  , ' N R = ' , I 2  ) 
FORMAT C / , 1 5 X , 6 <  ' X C t o ' »  1 2 X ) )
END
D O U B L E  P R E C I S I O N  F U N C T I O N  Yftw( X , Z )

, E 1 2  . 5 )  
, E 1 5 . 7 )

SUBPROGRAM Su3 F U N C T I O N  YRW ( X ,  Z)

PURPOSE.*...
TO FIND ETA COORD OF toHEEL FOR G I V E N  x l  AND Z E T A .

ME T HOD...........
SEE  " R A I L  AND toHEEL GEOMETRY  A S S O C I A T E D  * IT H CONTACT  S T P E E S S  

A N A L Y S I S ”  BY  3 .  PAUL  AND J .  H A S h EMI

I M P L I C I T  R E A L * 8 ( A - H , 0 - Z )
C O M M O N / * H E t 0 1 / A TtoC 7 9 ) , B T * ( V 9 ) , C< 9 9 ) , X I C *  < 9 V ) , Nw1 
COMMON/WHEE Ot / A < 99  ) , B C 7 9 )  , X C ( 7 9 )
COM MON / »; HE t  09 / XtoU, ZtoU, TETAto,RW , XR C ,D , X E L  ,X a ft , EPS  , I TM , N x 9  , I BUG 
DA IA I J / C I /
I F  ( 1 J . F W . 7 )  GO TO 1 
S T = D S I N ( T E T A w )
CT = D C C S ( T E T A W) 48
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LONWHE EL
1J  = 1 

C
C ............ F I N D  WHEEL  RE F RE NC E C O O R D S .  OF  P O I N T  ( X I , Z £ T A )

T X 0 = XwO + X*C T - Z  * ST
z o  = zi«in-‘ x * s r + z * C T
DO 5 1 = 1 , NW1
I F  ( X O . L E . X C ( I ) )  GO TO B 

5 C O N T I N U E
I. = N w1 +1

h  I F  ( C ( l ) . E Q . u . G )  GO TO 10  v
FOX =E ( 1)-*D S G R T C  C ( I ) * * 2 - (  X C - A <  I > ) * * 2 )
GO TO 12

10 FOX =A C I ) ‘  XO+b ( I )
1 2  RH 0 =ft W- F  GX

D E l T A = R H 0 * * 2 - <  Z O - R W )  * * 2  
I F  ( D E L T A  . L T . O . G )  GO TO 15  

C
. F I N D  ETA OF THE  WHEEL.  C O R R E S P O N D I N G  TO Z E T A  

Y R * = D S G R T ( O E i _ T A )
GO TO 20  

1 5 Y R « =0 . 0  
20 R E T U R N  

END
S U B R O U T I N E  C u N F G MC----------------:--------- -----------------------------------------

C
P U R P O S E . . . . .

T C  C A L C U L A T E  THE  C O N T A C T  P A T C H  B O U N D A R Y  «T H E P R E S S U R E  
D I S T R I B U T I O N  O V E R  I T  AND T H E  L O A D I N G  C O N D I T I O N  * FOR G I V E N  
R I G I D  B OD Y  A P P R O A C H  D E L T A .

ME T H O D ............
M O D I F I E D  D I S C R E T I Z A T I O N  ME T HOD  I S  U S E D  TO S O L V E  T H E  G O V E R N I N G  

I N T E G R A L  E O L A T I O N S .  FOR  MORE  I N F O R M A T I O N  S E E  " N U M E R I C A L  
P R O C E D U R E  F OR  C O N F O R M A L  C O N T A C T  S T R E S S  P R O B L E M S "  , BY
b .  P A U L  , AND J .  H A S H E M 1 .

D E S C R I P T I O N  OF M A J O R  V A R I A B L E S  U S E D  I N T E R N A L L Y . . . . .

S T A N D A R D  S U B R O U T I N E S . . . . .
S U B R O U T I N E  I N  SE P ( X ,  Y ,  Z ,  F Z , XN , YN , ZN , I , M)
S U B R O U T I N E  & D A ( X F , Y F , Z F , X N F , Y N F , Z r i F , X S f Y S , Z S , X N S , Y N S , Z N S

HXS HYS)
SUB R O U T I  NE LE  G T I F ( B \  1 , N , I A  I , F f I D G T , W K A R t A , I E R  ,  )
SUB ROUT  I N E  P A R A B ( Y 1 , Y 2 , Y 3 , F 1 „ F 2 , F 3 )

U S E R - S U P P L I E D  S U B P R O G R A M S . . . . .
US E R  MAY P R O V I D E  H I S  OR HER OWN S U B R O U T I N E  I N S E P  -----------

* * *  NOTE  .
T H R O U G H O U T  T H I S  S U B R O U T I N E ,  THE  S Y M B G L E  X , Y , Z  R E P R E S E N T  T HE  
G L O B A L  C O O R D I N A T E S  ( X I , E T A , Z E T A ) WI TH  O R I G I N  AT T HE  C O N T A C T  
P O I N T  C . * * *

D E S C R I P T I O N  OF I N P U T  V A R I A B L E S . . . . .
T I T L E  A N Y  T I T L E  D E S C R I B I N G  P R O B L E M  ( U P  TO 8 0  C H A R A C T E R S )

IN PUTS FOR 
IT*.
NC
MY OPT  
MY M I 
MY MA 
ID G T

£1 , ANU1 
E 2 . ANU2  
NS EG 
XB L 
X8 R 
NX (1 )
NY ( J )
RA T (I ) 
YB ( I )
D
EPS

THE M A I N  PROGRAM
A L L O W E D  M A X I M U M  N O .  OF  I T E R A T I O N S
I N D E X  OF THE S T R I P  U S E D  TO M O N I T O R  C O N V E R G E N C E
0 TO  B Y P A S S  T H E  I N P U T  FOR N Y ( 1 > ,  1 TO  READ I N  N Y ( I )
M I N .  N O .  OF C E L L S  I N  ANY S T R I P
M A X .  N O .  OF C E L L S  I N  ANY  S T R I P
N U M B E R  OF A C C U R A T E  D I G I T S  WA NT ED  I N  S O L U T I O N .  S E T
E Q U A L  T O  Z ERO TO B Y P A S S  T H I S  A C C U R A C Y  T E S T
E L A S T I C  M O D U L U S  AND P O I S S O N ' S  R A T I O  OF B OD Y  1
E L A S T I C  M O D U L U S  AND P O I S S O N ' S  R A T I O  OF  BODY  2
N O .  QF S T R I P S  A L ONG  X - A X I S
L E F T  X - I N T E R C E P T  OF'  B O U N D A R Y  C U R V E
RI G H T  X - I N T E R C E P T  OF BOUNDARY CURVE
N O .  OF S T R I P S  A L ONG  T H E  X - A X I S  I N  B A N D  I
N O .  OF C E L L S  I N  S T R I P  J  L Y I N G  ON AND A B O V E  X - A X I S
WI D T H  OF  S AND  I D I V I D E D  BY  X - D I A M E T E R
H E I G H T  A B OV E  X - A X I S  OF  S T R I P  I
R I G I D  BOD Y A P P R O A C H
T O L E R A N C E  FOR C O N V E R G E N C E  C H E C K  ( T Y P I C A L L Y  Q . 0 1 >

I N P U T  DATA ARRANGE ME N T ...........
49
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C G N W H E E L

CA RD ID . F O R M A T VAR I A 3 L E S
A ( 2 0 A 4 ) T I T L E
E C 6 I  5 ) I TK , N C , M Y 0 PT , M Y M I , K Y M A , 1 D GT
C ( 4 F 1 0 . 0 ) 1 1 , ANU 1 , E 2 , A N U 2
D ( I 5 , 2 F 1 0 .  C ) NS E G , X B L , X6R
£ • - ( 1 6  1 5 ) N X ( I )  G R O U P  OF 1 6
F ( 1 6 1 - 5 ) N Y U )  G R O U P  OF 1 6  ( O M I T  I F  M Y O P T  =
6 ( 8 F 1 0 . 0 ) R A T ( I ) G R O U P  OF  8
H ( 8 F 1 0 . 0  ) Y B ( I ) G R O U P  OF £
I ( 2 F 1 0 . 0 ) D , EP S

C O M M E N T S  ON D I M E N S I O N  S T A T E M E N T S . . . .
THE  MA X I MU M N O .  OF F I E L D  P O I N T S  I S  U S E D  AS  D I M E N S I O N  FOR 

B ,  F ,WKA REA , X ,  Y , Z »  X N ,  YN , Z N ,  WHI CH  I S  C U R R E N T L Y  S E T  E Q U A L  TO T O O .
TO CHANGE  T H I S  A L L  1 GO S I N  T HE  F I R S T  TWO D I M E N S I O N  S T A T E M E N T  
C A R D S  AND THE F I R S T  DAT A  S T A T E M E N T  C A R D , M U S T  5 E  C H A N G E D  
TO D E S I R E D  D I M E N S I  ON . T H E  M A X I M U M  N U M B E R  OF F I E L D  P O I N T S  
A L O N G  THE X - A X I S  I S  U S E D  AS  D I M E N S I O N  FOR P , X B ,  Y B , HX , H Y , X9  N , Y B N,  
AR , NY » YB K WHI C H  I S  C U R R E N T L Y  S E T  E Q U A L  TO 2 0 .  TO C H A N G E  T H I S  A L L  
T H E S E  2 C ' S  M U S T  8 E C H A N 6 E C , E X C £ P T  T H E  ONE  FOR T HE  T I T L E .
THE  M A X I M U M  N O .  OF B A N D S  I S  US E D  AS D I M E N S I O N S  FOR R A T ,
AND N X .  TO C H A N G E  T H I S  A L L  I Q ' S  MUST  B E  C H A N G E D .

I M P L I C I T  RE A l * 8 ( A - H  , 0 - Z )

. . . D E F I N E  A F U N C T I O N  U S E D  FOR I N T E R P O L A T I O N  B E T W E E N  TWO P O I N T S .  
Y F u N C X T  , Y 1  , X 2  ,  Y 2 , X X ) = (  X X - X 1 ) * ( Y 1 - Y 2 ) /  ( X 1 - X 2 ) + Y 1
D I M  E N S I O N  & ( 1 0 0 ,  TOO)
C 0 M M G N / P R 0 b 0 1 / T I T L £ <  2 0 ) , R A T ( 1 0 > , Y e C 2 0 ) , N Y ( 2 G ) , N X ( 1 Q ) , N W , N R , N S E G  
C G MMON/ WHE E  0<* / X W C . Z W - C . T E T A w , R W  , X R C  , D , X B L  ,X BR . E P S .  I T M . N X 3  « I S  UG 
D I M E N S I O N  A U 0 Q C u ) , F  ( 1 U C ,  3 ) , WK AR E A ( T O O  ) , X  ( 1 GO ) , Y ( 1 u 0 ) , Z ( 1 0 Q )
D I M  E N S I O N  P ( 2 0  ,  5 ) , XB  ( 2 0 ) * H X ( 20  ) * H Y { 20  ) , X BN ( 20  ) ,  Y B N C 2 0 )
D I M E N S I O N  Y B M ( 2 0 ) , Y B M M ( 2 0 ) , A R ( 2 0 )
D I M E N S I O N  X N C 1 0 0 ) ,  Y N ( 1 G O  ,  ZN (1 0 0  ) . F X P C 2 0 , 1 0 ) , FY P C 2 Q f I Q ) , F Z P ( 2 0 , 1 0 )  
D I M E N S I O N  X S X ( z G ) , Y S Y ( 2 0 . l G ) , Z S Z ( 2 0 » 1 0 } , W X ( 2 Q , 1 0 ) » w Y ( 2 G , 1 0 )  
D I M E N S I O N  Z F F  ( 2 0 )  ,  X F M (  2 0 ) , Y F M ( 2 0 )  , Z  FM(  2.0)  , N S Y  ( 2 0 )
D I M E N S I O N  X N N ( 2 0 , 1 0 ) , Y N N < 2 0 , I Q ) , Z N N ( 2 0 , 1 0 )
D I M E N S I O N  A. X.x ( 2 0 , 1 0 ,  2 0 )  , A Y  Y ( 2 0 , 1  0 * 2 0 )  ,  AZZ  ( 2 0 , 1 0 , 2 0 )
COMMON / B 0 D Y 2 /  E 2* A N U 2  ,
COMMON / B O D Y ' ! /  E 1 ,  AN U 1 , N N R , NN W 
D A T A  I A 1 / 1 0 0 /

. . . .  . R E A  D I N P U T  D A T A
WR I TE ( N N w , 2  2? ) T I T L E  
M Y OP T = U  
MY M 1 = 3 
MY M A =5

............ R E A D  I N  N O .  OF SE G ME NT S AL  ON G X - A X I S ,  AND X - I  I N T E R C E P T S  ( X 8 L  ,  X 8 R )

. . . . . R E A D  I N  i vO.  OF C O L U M N S  I N  S T R I P  I

. . . . . F I N D  T O T A L  N O .  OF C O L U M N S  A L O N G  T H E  X - A X I S  
MX =0
D 0 2 I - 1  , N S E u 

2 MX = M X + N X ( I )
I F  ( M Y O P T  . E Q .  0 )  GO T O  3

. . . . . R E A D  I N THE N O .  OF C E L L S  I N  COL UMN I 
R E A  D(N’ NR , 2 2  5)  ( N Y ( I ) , 1 = 1 ,  M X )

. . . . . R E A D  I N  R A T I O  OF THr  L E N G T H  OF  S E G M E N T  I  TO  THE  D I S T A N C E  

. . . . . B E T W E E N  THE TWO X - I N T E R C E P T S  
3 C O N T I N U E

L . . . . . R E A D  I N  THE Y - C O O R D  I  NA TE OF P O I N T  K ON B O U N D A R Y  I N  C OL UMN  X 
NC =1
Y fi M A X = YB (1 )
DO e 1=1 ,M X
I F  ( Y B ( I ) . L T . Y B M A X )  GO TO 7 
Y B M A X = Y 8 ( 1 )
NC = 1 + 1

7 C O N T I N U E
t  C O N T I N U E

DO 4 1 = 1 , MX 
4 Y B M ( I ) = Y B ( i )

C
C .  . . .  . I N I  T I A L  V A L U E S  F OR  S OME  OF  TH F V A R I A B L E S50



C C N W H EEL

C . . . . . P R I N T  THE I N P U T  D A T A  F OR  C h E t K  OUT
Wft I TE (NNW , 2  1 v )  I T M . N C , M Y O P T . M Y M l  , I»YMA , 1BUG , I O P T  
WR I TE (NNw, . c . . 12)  E 1 .  ANU1  , E 2 .  A.NU? 
w R I T E ( ft N t>‘ .  2 2 U ) N S E G . X B L . X B R 
W R I T E  ( N N W . 2 2 V )
WRI  TE ( N Y W . 2  24 > ( N X ( I  ) ,  1 = 1 , N S E G )
W R I  T E ( N N W * 2 3 u I
W R i  T E ( N N W . 2 2 6 )  ( R A T (  I )  , I = 1 . N S F G )
w R I T E ( N N w , 2  5 l )  D » E P S 
I T  = 0 

5 ft = 1
X B K. = X 8  L
BB = XB R - X B L  
DO 20  I = 1 » N S E G  
N X I = N X ( I )  

t
C ............ F I N D  THE X - W I D T H  OF C E L L S  I N  COLUMN K

HXX =BB * RA T ( I )  /  ivX I
H X ( K ) = h X X
X8 ( K ) =X8 K + h X a / 2 •
X B X  =XB ( IO
I F  ( N X 1 . L T . 2 1  GO TO 16 
DO 15 J = t  , N X 1  
K = K+1 
HX ( K J =HXX 

C
C .............F I N D  THE X - C u O R D I N A T E  OF C E L L S  I N  ROW K

X B ( K > = x B K + H X ( K )
X B N  = X B ( K )

15 C O N T I N U E
1 o X 6 K =XB ( K )  + r t X C K )  / 2 .

K = K *1
20 C O N T I N U E

I F  ( I . T . E Q . O )  GO TO 3 2
...............F I N D  B Y  I N T E R P O L A T I O N  THE  Y B ( I )  FOR X 6 ( I )

DO 2 9  1=1 . MX  
C
t . . . . . L O C A T E  S U R R O U N D I N G  P O I N T S  1 AND 2 FOR L I N E A R  I N T E R P O L A T I O N  

DO 21 J = 1 . M X
I F  ( X B ( I ) . L E . X B N ( J ) )  GO  TO 22

21 C O N T I N U E  
C
C . . . . . F O K  P O I N T S  N E A R  THE  R I G H T  B O U N D . . B U T  O U T S I D E  T H E  OLD ONE

X I = XB N ( M X )
Y 1 = Y B N ( M X )
Y M 1 = Y  B M ( M X )
X ?  = XB R
Y 2 =0 . 0  
YM2  = 0 . 0  .
GO TO 2 6

22 I F  ( J . E Q . 1 )  S O  T O  23  
I F  ( I  . E Q  .1 ) GO T O  25  
I F  (1 . E G  . M X )  S O  TO 2 A

C
C . . . . . F 0 R  P O I N T S  AWAY FROM L E F T  OR R I G H T  B O U N D .

J 1 = J - 1  
X 1 = XB N ( J 1 )
Y 1 = Y B N ( J 1 >
Y M 1 =YB K ( J 1 )
X 2 = X8 N ( J )
Y ? = Y B N ( J )
Y « 2 = Y B M ( J )
GO TO 26

C
C . . . . .  FO R P O I N T S  N E E R  THE L E F ,  B U T  O U T S I D E  T H E  OL D  B O U N D .

2 5 X1 = X B L
Y 1 =- 0 . 0
Y M 1 =0 . U
x  2  =  x e  n  ( 1 )

Y 2 = Y 6 N  (1 )
Y M t  = Y fi M ( 1  )
GO TO 26

t
C . . . . . F O R  P O I N T S  N E A R  R I G H T  B O U N D A R Y  B UT  I N S I D E  T H E  OLD ONE  

24 J 1 = J - 1
X I = XB H ( J 1 )
Y 1 = YS N ( J 1 )
Y W 1 = Y B M ( J 1 ) 51



r> n
 ri

X 2  -  XB N ( J )
y 2 -  c . o
Y * 2  = U . U
I F  C X B R . L T . X * : )  g o  t o  2 t  
Y 2 = Y b N l J )
Y H l  =Y b r t < J )
G O  T O  2 6  

t
. F O R  P O I N T S  N E A R  THE  L E F T  B O U N D A R Y  BUT I N S I D E  T h E  OLD ONE 

Z i  J l = J - 1
X 1 = Xt: N CJ 1 )
Y 1 = C . 0  
Y M l = 0 . 0
x2  = x b n ( j  >
Y 2  = Y B N  (J )
Y M 2 = Y 6 ft ( J )
I F  C X B L . 6 T . X 1 )  6 0 TO 2 6
Y 1 = Y B N ( J 1 )
YM 1 = YB l*i < J 1 )

C
C .  . . .  . I N T E R P O L A T E  B E T W E E N  1 AN D 2 TO F I N D  Y B (1  )■ F 0  R G I V E N  X B ( I )

26 XX X = X B ( I )
Y 6 l  I ) = Y F U N C X T , Y 1 , X 2 ,  Y2 , X X X )
Y B f t P H I )  =YF UNC X 1 *  Y M1 ,  X2  ,  Y M 2 ,  X XX  ) 

c 9 C O N T I N U E
DO 31 L = 1 , M X  

51 Y B f t ( L ) = Y 6 f t M ( L )
t J
t . . . .  . B E G I N  T O  R E A D  O R  W R I T E  T H E  V A L U E S  F O R  N Y ( I )

32 1 = 1
N = G
D O  55 K — 1 t ft X
Y I N=0 . 0  

t
C . . . . . C H E C N  THE N O .  OF P O I N T S  A L O N G  T H E  Y - A X I S  O P T I O N  f t Y O P T  

I F  ( H Y O P T . E S . 1 )  6 0  T O  4 0  
L
C . . . . . F I N D  N O .  OF C E L L S  I N  COL UMN K TO H A V E  T H E  B E S T  A S P E C T  R A T I O  

YNY =Y 8 ( X ) / B X ( K ) + . 5  
NY Y =Y N Y
NY ( K ) = N Y Y  + 2 .*( Y N Y - N Y Y )

C
C .............S E T  T H E  N I N I MUP I  V A L U E  FOR N Y ( K ) M Y M I

I F  ( N Y ( K ) . L E . M Y M I )  GO TO 3 5  
I F  ( NY  U  ) . G T . f t  Y MA )  N Y ( K ) = M Y H A  
GO TO 4 0  

35 N Y ( K ) = M Y M I  
40 NY = NY ( x )

A < I ) = X 6 ( K )
Y C I ) = Y 1 N 

t
L .  .  . .  . F I N D  THE Y - W I D T H  OF C E L L S  I N  COLUMN K 

H Y ( K ) = 2 « * Y B - U ) / ( 2 * N Y ( K ) - 1 . )
DO 5G J = 2 , f t Y  1 = 1-*1

C . . . . . F I N D  THE  X AND Y C O O R D I N A T E S  OF  C E N T R O I D  OF  C E L L  1 
X C I ) =X8 CK)
Y C 1 ) = Y 1 N + H Y U >
Y I f t = Y ( I )

50 C O N T I N U E  1 = 1+1 
N = N +MY 

55 C O N T I N U E  K1 1 =Q 
I T  = I T +1 
J=U
uO 1Q0 I S = 1 * ft X 
A S — XB C I S )
H Y S = H Y  C I S )  I
hXS=HX.  C I S )
AK C IS ) =H XS*  HY S 
MY S =N Y C I  S )
DO 10 0 J S = 1 , ft Y S 
J = J  +1 
I = G

C A L C U L A T E  THE C O E F F I C I E N T  6 ( 1 , J )  AND F CI  , 1 )  G I V E N  BY E G .  C 2 )

C G N W H E E L

52
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r
CONwrt EfcL

DO 1 G 0  IFF = 1 , M X  
X F = X6 ( I F F )
MY F = N Y  (I FF )
CO 1 U G  J F = 1 «M Y F  
1 = 1 + 1  
A l l  =Xl 1 +1
IF ( J . 6 T . 1 )  j O 7 0  CG 

C
C .......F I N D  T h E  I N I T I A L  S E P A R A T I O N

A X = X ( I )
y y = y ( i >
C A C L  IN St P (  XX , YY , Z Z ,  FZ , X N N  1 , Y N N 1  , Z N M  )
Z (1 ) = Z Z  
a N ( I ) = A N N 1
Y N ( I ) = Y N N 1 
Z N ( I ) = 2 N M

L
L.......C A L C U L A T E  l e f t  b a n c  s i d e  o f  t h e  e q s .

f ( 1 .1 ) = ( D -F 2) * Z N N  1 
60 IF (I .G T .1 ) G O  T O  63 

Y S - Y  < J )
Z S = Z ( J )
X N $ = X N ( J )
Y N S =Y N ( J )
Z N S = Z N ( J )

t b  Y F = Y ( I )
X N F = X N  ( I )
Y N f = Y N 11 )
Z N f  = Z N  ( I )
Z F = Z ( I )1

( - . . . . . L O C A T E  C E L L  O N  O R  A W A Y  F R O M  X - A X I S  
IF ( J S . E Q . 1 )  G O  T O  S O0

C ....... C A L C U L A T E  0 ( 1 , J) F O R  P O I N T S  A W A Y  F R O M  X - A X I S
B ( 1 t J ) = SD A ( XF , YF , Z F , AN F , YN F , 2N F , AS , YS , ZS ,X N $ , Y N S  , Z N S  , H X S  , H Y S ) ♦ 

S G D A  ( X F , Y F ,2 F , X N F , Y N F , Z N F , X S , - Y S , ZS , X N S  , - Y N S  ,2 N S  , H X S , H Y S >
G O  TO T O G

. . . . C A L C U L A T E  B ( I , J )  F O R  P O I N T S  O N  T H E  X - A X I S  
dJ B C I ,J ) = GD A ( Xf , Y F , Z F , XN F , YN F , ZN F , XS , YS , ZS ,X N  S , Y N S , Z N S , H X S , H Y S )  

100 C O N T I N U E  
C
C . . . . . S O L V E  TH E  S Y S T E M  OF L I N E A R  E Q U A T I O N S  

N T O  7 C = 1
CO 101 K = 1 » N T 0 TC 
CO 101 L-1 , N T 0 T C 
K?c  = *.+ ( L - 1  I * N T O T C  
A U 2 2 ) = B  ( K , L >

101 C O N T I N U E
77 7? F O R M A T  ( ? X , 1  Ct 1 3 . 5 )

C A l L D G E L G  (F, A . n T G T C ,  1 , 0 . 1  D- 1  A, I E R  , D E T  )
IF ( I F R . E C . G )  G O  T O  S5Q 

3 20 » R I T E ( N N w , 3 23)
5 2 3  F O k M A T ( / 1 U X  , ' * * * * *  M A T R I X  e IS A L G O R I T H M I C A L L Y  S I N G U L A R  * * * + * ' )  

* R I T E  ( N N W , 5 2 o ) IE R
Z2c> F O R M A T  ( / 1 0 x , ' * * * * *  I E R =  ' , 1 3 , ' * * * * * ' )

IF ( I E R . E Q . - t )  G O  T O  54 0
GO TO 9 9 9

5 <*C W R I T t ( N N W « 5 A 1 )
5 A 1 F O R M A T  (1 H U , ' F A  T A L  S I N G U L A R I T Y  IN S U E R  D G E L G ' )

GO TO * 9 9  
5 5 0  C O N T I N U E  

C
IF U B O & . t U . u )  G O  TO 9 OP  
IF ( C I T M - I T )  . 5 T . 1 B U S ) G 0  TO <>GG 

C P R I N T  T H E  B O U N D A R Y  Of T H E  G I V E N  I T E R A T I O N  
* R i T E  ( N N W , 2  23 ) I T 
W R I TE ( N N W , l 13)
* R 1 TE ( N N W ,2 1w)
w R I T E ( N N W , l 2 2 )  ( x e ( I ), Y B ( 1 ), 1 = 1 . M X  )c

C . . . .  . P R I N T  T H E  S O L U T I O N  ( P R E S S U R E  D I S T R I B U T I O N ) .
»»R1 T E ( N N W , 2  11)
w R i  T L ( N N W, 2  13 )  < I , X ( I ) , Y ( I ) , Z ( 1 ) , F ( I , 1 ) , I = 1 , N )

9 0 U C O N T I N U E
L. . .. . IN 1 71 A  LI 2E S O M E  OF T H E  V A R I A B L E S  

RY = YB (NC )
I F P = 0 5 3



r~
 r

> 
r-

 r>
 

r-
 r*

.
CONWhEfcL

1J = D
MY Y =0
D O  1 feO 1 = 1 , Mx 
MY = NY ( I )
DO 15 0 J= 1  , M  
IJ = IJ 1

C
C . . . .  . C H E C K  F O R  P R E S S U R E S  TO c<£ A L L  P O S S I T I V E  A M D  F I N D  N t W  B O U N D A R Y  OF C O N T A C 1  

IF (p ( I , J ) . LI .0.0) G O  TO 1 6 C
.......C H t C K  F O R  B E I N G  TH E  F I R S T  C F l L

IF ( I L . N E . 1 )  G O  TO 1 50

. . . . . T H E  P R t S ' S U K E  I S  C H A N G I N G  S I G N  AT T H E  L E F T  - S O U N D  «11 = 1-1
X1 = XB (1 1 )
P1 = P( 11 , J)
X 2 = X6 ( I )
P2 = F ( I * J )
X X X =u .0
X 6 l = Y F U N ( P 1  , X 1 , P 2 , X 2 , X \ X )
x b l  m = x b ( i >IL = 2

150 C O N T I N U E  IJ1 =1J -1
7 5 ? b  F O R M A T  (2 11 0 * l  F <2 0 « 6 )

S E C A = t D S O R T ( 1 . + ( Y N ( I j ) / 2 N ( I J ) ) * * 2 ) + D S a R T ( 1 . + ( Y N ( l J l ) / Z N ( l J 1 ) ) * * 2 ) )
2 m 0

Y7 =Y ( I J )* Sc  CA
F1 = F ( I J  ,1>
Y2 — Y ( I J 1 ) * S F C A 
f 2 = F ( 1 J 1 ,1 )
IF (F? .LE «F 11 6 0  T O  15 5
Y S N  ( I )= P A R A B ( Y 1» Y F t , F 2 ) / S E C A  
IF C Y B N f l  ) .Lt . YB ( 1) ) G O  TO 1 5 t  
IF ( Y B N (  I ) .Lt . Y 5 M (  I) ) G O  TO 1 f 0

1 55 Y B N ( i ) = ( YB ( 1 y * Y9 M  ( I ) ) / c.
GO TO 1 80

1 56 Y P M  ( 1 ) =-YB ( I ) 
GO TO I S O

n o IF Cj . l T . 1 )  o O T O  17 0 
IF ( X B ( I ) . u T . O . L )  G O  T O  c C u

. T H E  P R E S S U R E  A L O N G  T h E L E F T  X - B O U N D .  IS 
1 L = 1
G O  TO 1 7 9

S T I L L  N E G A T I V E

1 70 Y1 — Y C I J )
P1 = F( 1 J ,1 )
IJ 1 = 1 J -1 
Y 2 = Y ( I  J1 )

Pc = F ( I  J1 »1 ;

• • • . F I N D  T h e  m e n  Y 5 WHEN P C H A N G E S  F R O M  - V E  
X X X  = 0 . 0
Y B N  ( I ) = Y F U N  (P1 , Y 1 , P 2 , Y 2 f X X X  )
Y 8 M ( I > = Y 1

T O  + V E

1 79 i J = MY Y * MY  
I F P =1

1 8 0 M Y Y  = I J
IF ( I L . E Q . 2 )  G O  TO 1 b 3

C ............ L O C A T E  THE P O I N T S  FOR  P A R A B O L I C  E X T E R A  POL  AI  1 0 N
XI  = 1 -* N Y (1 )

l NA  = (Z N (1 )* Z«N( KI )) t l  .
F 1 = P (1 , 1 )O-c ( 7 1 )
IF ( F 2 IL £ • F 1) 6 0  T O  1 8 1
X 1 = X B ( 1 ) / Z N A 
X 2 — X6 C 2) / 2 t-iA 
X<?LN = P A R A B  ( X1 , X 2 . F  1, F2 )  * Z N A  
IF (a B l n . O c . X 5 l ) G O  TO 1 c 2 
IF ( X P l N . l 1 . X 5 L * )  G O  T O  1 S 1  
X B  L =XB L N  
G O  TO 1 8 3

1 11 X B L = ( XB L ♦  Xb L N ) / 2 .
0 0  TO 1 8 3  

1 c 2 X  t< L  M = X b L

54





CGNWH E EL
X B L  = XB LN 

' 16 3 I 1 = M X - 1
F 1 = P ( M X , 1 >
F c  -  P ( 1 1 , 1 )
I F  ( F 2  . L E  . f  1) GO TG 19Q 

C
G . . . . . T H t  b 0 U N D * TO BE S H O R T E N  ED 

1 N = N - N Y ( M X >
2  N A = ( Z ft ( 1 N ) ♦  l  u  < N ) ) / 2 .
X 1 =■  XB ( M X ) f l  NA 
X2 = X B ' ( l 1  ) / Z NA '
X B R N = P A R A 8 ( X T , X L , F 1 , F 2 ) * Z N A  
I F  ( X B R N  .LE . X B  R) GO TC 16.6 
I F  ( X B R N  . G T  . X S K M )  GO TO 1 9 0  
.XB ft =XB RN 
GO TO 1 9 2  

1> 6 X 6 R M = XBR  
XB  R =XB RN 
GO TO 1 9 2

C ,
C ............ THE  B O U N D A R Y  T O  BE E X T E N D E D

1 90 X 6 R = ( X a R + X S  Ri*t ) /  2 •
1 9 2  I F  ( I F P . E 3 . 1 )  GO TO 3 4 0  

C ■
C . . , ,  . I N I T I A L I Z E  F O R C E  AND MOMENT  V A R I A B L E S .

FTX  = 0 . 0  
F TZ = 0 . 0  
TOR K = U . 0  
1 J = C c ■

€ . . . .  . C A L C U L A T E  F O R C E S  AND M O M E N T S  A P P L I E D ,
DO 1 9 9  1 = 1 , MX 
MY = NY C D  
DO 1 9 9  J = 1 , MY 
I J  = I J + 1
I F  ( J . E Q . 1 J  GO TO 1 9 6  
C = 1 .
6 0  TO 1 9 6  

1 9 6  C = .  5
1 9 b  F T ! = P ( I , J ) * A R C  I ) * C  

F T Z = F T Z + F T T  
FT F = F T T * X N ( 1 J ) / Z N C I J )
F T X = F T X + F T F

TO' KK = TORK + F T T * X ( I J )  - F  T F * Z  ( I J  )
199 .  C O N T I N U E

F T X  = 2 . *  FTX  
F T Z  =2 • * F TZ 
T 0 R K = 2 •  * T 0 R K 

C
( - . . . . . W R I T E  OUT THE  L O A D I N G  C O N D I T I O N  

I F  ( I B U G . E Q . U ) G O  TO 9 0 2  
I F  ( ( I T M - I T )  , S  T . 1  BUG ) & Q TO 9 0 2  
W R I T E ( N N W , 2 1 6 )  F T X , F T Z , T O  RK 

9 0 2  C O N T I N U E  
GO TO 5 4 0  

2 0 0  11 = 1 - 1  
C
t ............ F I N D  THE MAX  X - I N T E R C E P T  E Y . IN T ER P O L  AT ION

I N = N - N Y ( M X )
Z N A  = ( Z N  ( I N )  + Z N  ( N) ) /  2 .
X 1 = XB ( 11 > / l  NA 
P 1 = P ( I 1 , J )
X 2 = Xb < 1 ) / Z N A 
P2 = P ( I , J )
X X X —Q
X B K  =Y FUN ( P 1  , X  1 , P 2 ,  X2  , X  XX >* 2 N A  
X f i h  M = XB < I )
I F  ( I L . E Q . 2 )  GO TO 3 40 

C
C . . . .  . L O C A T E  THE P O I N T S  F OR  E X T R A P O L A T I O N  

t C l =1 - * NY<1 )
Z . N A = ( 7 N ( 1 ) - * Z N (  X I  ) ) / 2 •
F 1 = P ( 1 , 1 >  '
f 2 = P ( 2 , 1  )
I F  ( F 2  . L E  . F  1) GO TO 2 . 0  C 
X 1 = XB (1 ) / Z NA  
X 2 = XB ( 2 ) / Z N Ac

C * * « « • F 1 N D t h e  m e w  L E F T  X - E G  UN D A fc y b y  e x t r a p o l a t i o n



CONWH EEL
X 6 L  N -  P A R A 8 (  X 1 , X 2 , F 1 . F 2 ) * Z N A 
I F  ( X8 L N » 6 E  *X 3 L )  G O  T O  2 5  5 
I F  ( X B  L N  . L T . X B  L M )  GO T O  2 6 0*11250
GO T O 5 2 0  

2 5 5  X B L M = X B L  
X B c = X B L N  
GO T O  3 4 0

2 60 XB  L = ( XB L X B  LMfr) / 2  .I
L ............... W R I T E  G U T  T H E  X - I N T E R C E P T S  OF  C O N T A C T  P A T C H

3 2 0  C O N T I N U E
I F  ( 1 3 U G . E 0  . 0 ) 0 0  T O  9 0 1  
I F  ( ( I T M - I T )  . G  T . . 1 B U G  ) G  G T O  9 0 1  
W R I T E  ( N N l w t 2 2 1 )  X S L , X BR 

9 Q1  C O N T I N U E  L
c . . . . . c h e c k ; t h e  t o l e r a n c e  o n  y b ( n c )

I F  C & A B S  ( 1 • - R  Y / Y B N (  N O  1 » L  E . E P S  )  GO T O  4 5 0
c
C . . . . . M A X I w U M  N O .  O F  I T E R A T I O N S  R E A C H E D  ?

I F  ( I T . E G . I T M )  S O  T O  4 50  
C
C . . . . . S T O R E  T H E  NEW Y3 < I  )  AND O L D  X B C D  I N  A NEW A R R A Y S  

DO 4 1 0  1 = 1 ,  MX 
X 6 N  Cl  ) = X 8  ( I )

4 1 0  C 0 N T I N U E£
C . . . . . R E P E A T  T H I S  P R O C E D U R E  ,  AS M A N Y  T I M E S  AS R E G I R E D

GO T O  5 
C

4 5 0  C O N T I N U E
W R i  T E ( NN W, 2  2 3 )  I T  
W R I T E < N N W , 2  1 5 )
W R I T E ( N N W , 2  1 a )
W R 1 Tfc ( N N W * 2 2 2 )  ( X B ( I  > ,  Y B < I  ) ,  1 = 1 , M X )

C s
C . . . . . F R 1 N T  T H E  S O L U T I O N  ( P R E S S U R E  D I S T R I B U T I O N ) .  

w R X T E C i v N w . 2 1 1 )
W R I T E ( n N W , 2 1 5 )  ( I , X ( I )  , Y ( I  )  , Z C l )  ,  F ( I , 1  )  ,  1 =  1 , N )

C . . . . . W R I T E  G U T  T H E  F I N A L  B O U N D A R Y  O F  C O N T A C T  P A T C H  
W R I T E  ( N N W , 2 2 1 )  X B L ,  X B R  
W R I  T E  ( N N W , 2  1o  )  F T X , F  T Z  ,  T G R K  

C
c

2 3 2  F O R M A T  (  1 H i  , 2  I  5 * 7F  1 0  . 3 )
2 3 3  F O R M A T  C1 X ,  8 F 7  . 3 , 1  f  1 3 . 3  . 4 1 6  )

C
c
C C A L L  S U B R O U T I N E  S U S S I S  T O  C A L C U L A T E  S U B S U R F A C E  S T R E S S E S£
C

C A L L  C R E PA G ( F »  MX ,  N Y ,  AM U X * AM U Y )
C A L L  S U B S I G C W X  * N Y , X B L ,  XBR , X  ,  Y , Z , H X , HY , X N , Y N , Z N , F , A N U 2 ,

$ A M U X » A H U Y , 1 ' O P T  , I B  UG * NN Wf NNR )
V V V  W R I T E ( N N W , 1 C O G )1000 FORMAT C 1 H1 )

- R E T U R N
C
C .............. F O R M A T  S T A T M E N T S

211 FOR MAT C / / C 2 2 X , ' N O D E " ,  E X , ' X I ' , 1 2 X , " E T A  * , 12X , ' Z  E T A ' , 1 3 X , ' P '  ) )
2 1 2  F O R M A T  ( 2 & X  ,  ' E  1 =  ' , E  1 3  . 7 ,  2 X ,  '  AMU 1 =  '  ,  F 5 . 3  , 2X ,  '  E 2 = '  T E 1 3 . 7 , 2 X * ' A N U  2 =  ' ,

1 1 5 . 2  )
2 1 3  F O R M A T  ( U  ( 4 U X , ' B O U N D A R Y  O F  C O N T A C T  R E G I O N ' ) )
2 1 4 ^  F O R  MA T < / C 1 3 x » ' X l ' , 1 2 X , ' E T A ' , 1 2 x , ' X I ' r 1 3 X , ' E T A ' , 1 2 x , ' X l ' f 1 4 X t ' E T A '

2 1 5 F O R M A T  ( / ( 2 Ox * I 5 , 4 E 1 5 • 4 ) )
2 1 c  FOR MA I  ( / / ( 2 3 X , ' X I - F O R C  E = ' , F S . 1 , 3  A , ' E T A - F Q R C t = ' ,  F S . 1  , 3  X , ' E T A - M O M E N T  i = '«Fii.'1)) 1
2 1 7  F O R M A T  C1 13  , 2  F 1 0 . 0 )
2 1 8  F O R M A T  C s F T O . G )
2 1 9  F OR MAT  ( 2 G X  , ' I  TM = ' ,  I  2 ,  2 X , ' N C  = '  , 1  2 , 2 X ,  '  !*i Y C P T  = '  , 1 1  ,  1 x  ,  ' M Y M  1= ' ,  I  1 ,

S 2 X  ,  M Y MA = '  ,  I . 2 , 2 X , ' I B U G = ' , I 2 , 2 X , ' I 0 P T  =  ' , I 2 )
2 20 F O R M A T  C2 0 x  , ' N S E G  = ' ,  I  2 , 5 X ,  ' X B L  = '  ,  F 7 . 4  ,  5X , ' X B R  = ' , F 7 . 4  )
221  F O R M A T  ( / ( 2 4 X , ' L  c F T . XI  - 3 0  UN D AR Y = '  ,  F 10 .  5 , 4X , ' R  I 6H T X I - B  OU N D A R Y = '  ,  F 1

l u  .  3 )  )
2 2 2  F O R M A T  C / C 1 0 *  ,  6 E  1 5 . 7  )  )
2 23  F O R M A T  ( i  f  / (<* 6 X * ' I  T E  R A T T  ON = ' , I 2 ) )
2 2 4  F O R M A T  C Z Q X , 1 2 l 5 )

56



C0 N toHEEL
2 2 5  F O R M A T  ( 1 6  I S )
c  2 d  F O R M A T  ( 2 0 A 4 )
c 2 7  F O R M A T  (1 N T W / 2 0  A , 2 0 A 4 / )
2 2a  F O R M A T  ( 2 0 X , :> < F 5 .  3 , 5 X) >
2 2 9  F 0 tv MA T ( 2 0 X , '  N X ( 1 ) A R E ; ' )
2 30 F O R M A T  ( 2 G  a , '  THE  F O L L O W I N G  I S  R A T ( I ) ' )
231  FORMAT ,  ( 2 5  X . ' D E L T  A=^', E 1 2 . 5 ,  1QX  f '  EPS = ' ,  E 1 2 . 5  )

t  N &
S U B R O U T I N E  I N S E  P ( X ,  Y ,Z , FZ , X N  , YN , ZN >

C ■
C------------- -------------------------- ---------------- ------------------------------------- --------------------------------------------------------------------------
L  P U R P O S E . . . . .
L TO C A L C U L A T E  THE I N I T I A L  S E P A R A T I O N  B E T W E E N  R A I L  AND
C W H E E L
C '
C M E T H O D . . . . . .
L S E E  " G E O M E T R Y  OF R A I L  AND W H E E L "  BY  8 .  P A U L  AND J .  H A S H E M I .
I
£ S T A N D A R D  S U B P R O G R A M S . . . * .
C S U B R O U T I  NE R A I L  ( X ,  Z » XN , ZN )
C S U B R O U T I N E  M I D w E L  ( X f Z , 2 I W )
C SUB F U N C T I O N  WHE E L  C X , Y , Z I )
C
C D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
C X , Y  C O O R D I N A T E S  OF A G I V E N  P O I N T
C i  7 - COOFcD IN A T E  OF  T HE  P O I N T  ( X , Y )  TO B E  R E T U R N E D
t  . TO C A L L I N G  P R O G R A M
C FZ I N I T I A L  S E P A R A T I O N  AT P O I N T  ( X , Y ) R ET URN E D TO
C C A L L I N G  P R O G R A M .
C X N , Y N f Zw C O M P O N E N T S  OF  N O R M A L  ( U N I T )  TO B E  R E T U R N E D
C TO C A L L I N G  P R O G R A M
C
C D E S C R I P T I O N  OF I N P U T . . . . .
C W H E E L  P R O F I L E  I N F O R M A T I O N  ( R E F E R R E D  TO W H E E L  C O O R D I N A T E  ( X * Z )
C S Y S T E M )
C NW N U M B E R  OF S E G M E N T S  IN W H E E L  P R O F I L E
t  AW C l )  X - C O M P .  OF C E N T E R  OF  C I R C U L A R  A RC  OR S L O P E  OF L I N E A R
C S E G M E N T  I
C 6 W( I ) Z - C O M P .  OF C FN TER  OF  C I R C U L A R  A R C  OR Z - I N T E R C E P T  OF
t  L I N E A R  S E G M E N T  I
C C W ( J )  R A D I U S  OF  A R C  S E G M E N T  . ( Z E R O  F OR  L I N E A R  S E G M E N T )
l  RW N O M I N A L  R A D I U S  OF  W H E E L  CAT O R I G I N  O F  X * Z  S Y S T E M )
C X W C . Z W C '  C O O R D I N A T E S  OF  THE  I N I T I A L  P O I N T  OF C O N T A C T  ON
C WH E E L  P R O F I L E
t  T HET AW Th E  S L O P E  OF  T A N G E N T  C D Z / D X )  AT C O N T A C T  P O I N T  C
C A . T W ( I )  T R A N S F O R M A T I O N  OF  A ( I )
C b T W ( I )  T R A N S F O R M A T I O N  OF  f l ( I ' )
C X I C w ( l )  T R A N S F O R M A T I O N  0 F X C W ( I )
C X C W ( I )  X - C O O R D 1 N A T E  O F  T R A N S I T I O N  P O I N T
C Z C W ( I )  Z - C O O S D I N A T E  OF  T R A N S I T I O N  P O I N T
C T R A N S F O R M E D  R A I L  P R O F I L E  P A R A M E T E R S  ( I N  X I , E T A  C O O R D .  S Y S T E M )
C NR N U M B E R  OF S E G M E N T S  IN R A I L  P R O F I L E
C A T R ( I )  X I - C O M P . O F  C E N T E R  OF  C I R C U L A R  A R C  OR S L O P E  OF
C L I N E A R  S E G M E N T  I
t  B T R ( I )  Z E T A - C O M P .  OF  C E N T E R  OF C I R C U L A R  ARC  COR Z E T A -
C I N T E R C E P T  OF  L I N E A R  S E G M E N T  I )
C C k ( I )  R A D I U S  OF C I R C U L A R  S E G M E N T  I COR Z E R O  FOR  L I N E A R  S E G M E N T )
( X l C k ( I )  X I - C O O R D I N A T E  OF  P O I N T  WHE R E  J U M P  I N  C U R V A T U R E  O C C U R S
L
C I N P U T  A R R A N G E M E N T S . . . . . .
I  CARD ID F u R f l A T  V A R I A B L E S
C B ( 2 1 5 )  N w ♦  N R
C C (A F 1 2 . 0 )  R W , X W C , Z W C . T E T A W
C U Co F 1 2 . 0 )  A W ( I  ) f BW( . I )  , C W C I )
C E ( o F  1 2 . 0 )  X C W ( I ) f Z C W ( I )
C F ( 6 F 1 2 . 0 )  A T W C D . B T W C I )
C G Co F 1 2 . 0 )  X 1 C W C I )
C
C-------------------------- ---------------------------------------------------------------------------------------------

I M P L I C I T  r e a l  * B ( a - h * 0 -7 )c
C . . . . . T H E  D I M E N S I O N S  ARE  S E T  FOR M A X I M U M  N U M B E R  OF S E G M E N T S  IN 
C R A I L  AND . H E E L  E G U A L  TO 1 0 .  ■

C O M M O N / R A I L 0 1 / A T R C 9 9 ) , 3 T RC  9 9 ) . C R  (9 9 ) , X I C R ( 9 9 )  , N R 1  
C O l * i M G N / R A l L u 2 / A f t  < 9 9 )  * 6 R ( 9 9 ) , X C R  ( 9 9 )
C OMMON/ W HE E 01 / A T W ( 9 9  ) * 6 T W ( 9 9 ) , C W ( 9  9 ) t X 1 CW ( 9 9 ) t Nw 1 
C OMMO N/ WH E E  G 2 / A W ( 9  9 )  , o  W ( 9 9 )  , XC . W( 99  )
C O M M O N / W H E l  0 5 / Z C w ( 9 9  )
C O M M O N / WH E E  09 / XWC , ZW C ,  T E T A W ,  RW , X R  C , D E L T A  ,X B L  , X  BR , E P S  , I TM , NX 8  , I B U G
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C 0 N w H E E L

l
C

Cc
c
c
L
cc
c
C
c
c
C
Cc
c
c
c

C O M  M O N / 8  OD Y 1 / E 1 , A N U 1 , N N R , N N  W 
D A T A  I J / U /
IF ( I J . G T . G )  G O  T O  2
t P S T - O  .1 D - 12
Nw -  fowl +1
Fv R = N ft 1 +1
MW 1 = M b  — T
n R 1 - N R - 1

» PR 1 P<T T H E  I N P U T  O U T  
MR 1 T  E (  N N W ,  4 5 J 
W R I  T  fc ( Mi N W ,  3 ° ) 
w R I  T E  ( N N W , A 0)
W R I  T E  ( N N w , 4 6 )
WR i  T E  ( N \ W , A  11 (  A W (  L )

R W « N W 
X WC , Z W C , T E T A W

m m  i l  vi vtv»i<t i j | B W ( L )  i  C U ( L )  i L  = 1
k * R I T E ( N N W , 4 £ i )
WRI  T E ( N N W , 4 2 )  ( X.C W ( L ) , 2 C W ( L ) , L = 1 , N W 1 )

NR
MR i  TE ( N N *v , 5 0 )
«R 1 TE ( t\ Pv N , 4 4 )
M R 1 T E ( N N w « 5 c )
W R I T 2 ( N N W , 4 3 >
WRITE ( N N X , 51)
WRITE (NNW,4 1) 
wRlTE(NNw, 39>
IJ - 1
IF ( Y . N E . 0 . 0 )
IF (DABS (X J . LE . E PS1)  
C A L L  R A I L ! ( X , 2 , X N , Z N )  
C A L L  MIDteEL CX . Z 1 W)
Z I = Z I W

( X C R ( L ) , L = 1 , N R 1 )

( A k ( L ) , B R ( L ) , CR <1 > , L  = 1 , N R  )

GO TO TO 
E P S 1 )  SO TO 2'3

10

20

23

Zu

3o 
37 
it 
39 
:4U 
41 
4 2
43
44
45
46 
4 /  
48  
4 9 
53 
51

Z I  
GO 
Z I
O U f VJ c u
Z I m = M H E E L ( A , V , Z I )  
Z I  =  Z I  w 
FZ =Z I W - Z  
6 0  TO 5 0  
F Z = 0 . 0  
Z I  = 0 . 0  
Z = G . G  
X N = u . 0  
2 N = 1 . 0  
V N = 0 • 0 
R E T U R N  
FOR MA I  
F 0 k KA T 
F 0 R MA T 
FOR M,A T 
F 0 K M A T

( 6 F 1 2 . 0 )  
( 1 6  1 5 )  
( 1 5 x , '
( 1 H 1 )
( 1 5 x , ' R A D l U S , R W - ' , E 1 2 . 5 , 5 X , ' N O .  OF S E G M E N T S *  N W = ' f I 2 )
n u l l

,El 5 . 7 1
F O R M A T  ( 1 H 1 )
F O R M A T  ( 1 3  X , ' X W C  = ' , F .  15 .7, 2 X , ' ZWC= ' , E 1 5 . 7 , 2X , ' T H E T A * = 
F O R M A T  ( 1 1 X , 3 f c 1 5 . 7 , 5 X , 3 t 1 5 . 7 )
F O R M A T  (11  X , 2 E 1 5 . 7 , 2 X . 2 E 1 5 . 7 .  2X  . 2 E 1 5 . 7 )

................1 1 X , 3 E 1 5  . 7 , 5 X » 3 E 1 5 . 7 )
F O R M A T  ( 11  X , 2 E 1 5 . 7 , 2 X , 2 E 1 5 . 7 ,  ? X , 2 E l 5 w 7 )
--------- --- ( 1 0 X  *6E 15 . 7  )

n s , ,  ' U r . r.c S E G M E N T S ,  N R = ' , I 2 )
F O R M A T  _____ „
F O R M A T  ( 1 5  X ,  
F O R M A T  ' 
F O R M A T  
F O R M A T  
F O R M A T  
F 0 R MR T 
F O R M A T  
F O R MAT 
FOR MA T 
EN 0
S U B  R O U T  T NF

» i 5 X * ' N  Q .  OF S E G M E N T S ,  N R = ' , I 2 )
( / * 1 OX , ' T H  E F O L L O W I N G  I S  WH E E L  D A T A ' )
( / , 1 8 X , ' A w ' , 1 3 X , ' B W ' , 1 3 X , ' C W ' , 1 f cX , ' A w ' ,  
C / * 1  ? X  , 3 (  ' A  TW ' ,  1 2X * ' B T W '  , 1 4 X ) )
C / , 1 7 X , 5 ( ' X C W ' , 1 2 X » ' Z C W ' , 1 4 X ) >

1 3X , ' 8 w ' f 1 3 X ,  '

C / , 1 7 x , 5 ( ' X C W ' , 1 2 X » ' Z C W  
( / , 1 5 X , 6 (  ' X I 4 W ' , 1 1 X )  )
( / . 1  OX, ' THE FOLLWING IS KAI .  _ 
"  -7. ' A R ' , 1 2 X , ' S R ' , 1 3 X , ' C R

XCR ' , 1 1 X ) )
(/*17xJ*( 
( / , 1 5 X ,6(

D A T A ' )
"  '  , 1 7X ) )

P U R P O S E . .  . . .
TO C A L C U L A T E  THE  Z E T A - C O M P O N E N T  OF  T H E  P R O F I L E  OF R A I L  

FOR A N Y - G I V E N  X.I

ME I HOD . . . . .  .
S E E  “ G E O M E T R Y  OF R A I L  AND W H E E L "  BY 6 .  P A U L  AND J .  H A S H E M I .

D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
X I  X - C C ' M P O N E N T  OF THE  P O I N T  I N  Q U E S T I O N
Z E T A  Z - C G M P O N E N T  OF THE  P O I N T  TO B E  R E T U R N E D  TO

C A L L l  NS P R O G R A M
X N , ZN C O M P O N E N T S  OF  U N I T  N O R M A L  TO R A I L  S U R F A C E

TO BE R E T U R N E D  TO C A L L I N G  P R O G R A M

I M P L I C I T  R t  A L *  8 ( A - H  , 0 - Z )
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' COMMON/ RA  I L  01 / A T R (  9 9  ) , 3 T R (  9 9 )  , CR ( 9 9 )  , X I C R  ( 9 9 )  , NR1  
DO 5 1 = 1 ,  NR 1 .
I F  ( X I  . L f  . X l E R ( I ) )  GO TO g 

5 C O N T I N U E
1 = N R T * 1

b I F  ( C R ( L )  . E G . 0 . 0 )  GO TO 10
2 E J A - 6 T R  ( I  ) +i» S QR T ( OR ( I  ) * * 2 - ( X I - A T R  C l  ) )  * * 2)
X N -  (X I - A T R  ( I )  ) /C k ( i  )
ZN — D A B S C  ( Z t T A - B T R ( I )  ) / C ft ( I ) )
bO TO 2 0

1Q Z E T A = A T R ( I ) * a I + B T R l I )
ZN = 1 . / D S G R T  (1 .+ A T R ( I  ) * * 2 )
A N = - A  T k ( 1 ) * Z N 

20 RE T U R N  
END
S U B R O U T I N E  Ml  D wE L ( X I , Z E T A )

C
c ------------------------------------------- ------------------------------------------------- ------------------
t  P U R P O S E . . . . .
C TO. C A L C U L A T E  Z E T A - C G M P O N E N T  OF  WH E E L  P R O F I L E  I N
C M I D  P L A N E  F O R  A N Y  G I V E N  XI
C
C MET  H O D . . . . . .
C . S E E  " G E O M E T R Y  OF R A I L  AND W H E E L "  BY B .  P A U L  AND J .  H A S H E M I .
C
C D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
C XI  X - C O M P O N E N T  OF  T HE  P O I N T  IN S U E S T 1 0 N
C 2 E T A  Z - C O M P G N E N T  OF  THE  P O I N T  TO B E  R E T U R N E D  TO
t  C A L L I N S  P R O G R A M
c-------------------------------------- ------------------------------------------------------------------------ -c -

I M P L I C I T  RE A L *  & ( A - H , 0 - Z >
C O M M O N / W H E E 0 1 / A T W ( 9 9 ) , S T W ( 9 9 ) , C W ( 9 9 ) , X I C W ( 9 9 ) f NWt  
C O M M O N / y HE £ 0 2 / AW( 9 9 )  , B W ( 9 9 ) , X C ( 9 9 )
DO 5 1=1 , NW 1
I F  ( X I . L E . X I C W ( D )  GO TO 8  

5  C O N T I N U E
I = N W 1 ♦ 1

b I F  ( C W ( I ) . f c G . Q . 0 )  GO TO 1 0
ZE  T A=B TW ( I  ) +D S Q R T (  CW ( I  ) * * 2 - ( X I - A T W  ( I )  > * * 2 )
b 0 T 0 c  0

1U 2 E T A = A T W ( I ) * X I  + 3 T W ( I )
20 R E T U R N  

END
D O U B L E  P R E C I S I O N  F U N C T I O N  W H E E L  ( X » Y , Z I >

C
c — ----—  — -------- — —  ---- --- -------------------- _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ — — _
C P U R P O S E . . . . .
£ TO C A L C U L A T E  2  E TA - C  GMPON EN T OF  W H E E L  AT ANY  G I V E N  P O I N T
C X I  AND ETA  .
C
£ M E T H O D . . . . . .
L S E E  " G E O M E T R Y  OF R A I L  AND W H E E L "  BY B .  P A U L  AND J .  H A S H E M I .
t
C D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
£ X , Y  C O O R D I N A T E S  OF  A P O I N T
£ Z I  I N I T I A L  G U E S S  FOR Z -  COMP OMEN T OF  T H E  P O I N T
C WHE E L  THE  V A L U E  FOR 2 TO BE  R E T U R N E D  TO C A L L I N G  P R O G .
C --------------------------------------------------------------------------------------------------------------

I M P L I C I T  RE At_> b ( A - H  » 0 - Z  )
C O M M O N / W H E E 0 4 / X O » Z O .  T E T A . R W , X R C , D E L T A , X B L , X  S R . E P S , I T M , N X B , I 3 U G  
D A T A  J J / Q /
I F  ( J J . E 0 . 1 )  GO TO S 
S T =  0 S I N ( T E T A )
CT = DCOS  ( TE T A)
E ' P S = . I D - 1 2  
J J =1 

3 I J  = 1 
Z=Z  I
x x  = >::•«• x * c t
I I  = ZO ♦  X* ST

7 X 0 X = X X - Z * S T  
ZOZ  =ZZ . *Z*C T
C A L  L WH E E L 2  ( X O X ,  ZM* DZM)
F1 = ( ftW- 2 M ) * * 2 -  ( R w - Z 0 Z ) * * 2
i i f  l  - i  . *  ( C R w - Z M )  * ST*D ZM + C T *  (R w- Z O  Z )  )
DZ = CY * * 2 - F  1 ) / D F Z
I F  ( DAB  S (Z ) . L T  . E P S )  GO TO 1C

C ON W H E E L
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C G iV* H E E L

I F  ( D A B  S ( D  l  / Z )  . L  T .  ( .  1D - 0 7 )  ) GO TO 2 0  
6 0  TO 10

b I F  C D A ri S ( D Z X « L E .  E P S ) GO  TO 20  
1 j  I F  ( I J . 6 T . 1 0)  GO TO 50 

Z=2 +0Z 
I J = I J + 1  
GO 70 7 

20" w H E E L = 2  
6 0  TO fcC 

SO W H E E L  =2
W R I T E < 1 6 , 5 5 )  X , Z , D Z

55 F O R M A T  ( 2 0 * , ' E R R O R  '  , 1 GX , '  X = ' ,  ET 2 . 5 , 5 X , ' Z.= '  , E 1 2 . 5 , 5X  , ' D  Z = '  , E 1 2  . 5  > 
t O  R E T U R N  

END
S U B R O U T I N E  WHEEL  2 ( X , Z , D Z )  

l

C P U R P O S E .............
C TO c a l c u l a t e  t h e  -z - c o m p g n e n y  , d z / d x  o f  t h e  W H E E L  p o o f i l e
L  I N  M I D P L A N E  I N  THE L O C A L  S Y S T E M  OF  C O O R D I N A T E S  X - Y - Z

t  M E T H O D . . . . . .
C .  S EE  " G E O M E T R Y  OF R A I L  -AND WHEEL** BY B .  P A U L  AND J .  HA SHE  MI  •
i
0 D E S C R I P T I O N  o f  a r g u m e n t s . . . . . .L X X - C G M P O N E N T  OF THE P O I N T
C 1  7 - C O M P O N E N T  OF  THE  P O I N T  TO B E  R E T U R N E D
C DZ D E R I V A T I V E  OF Z WI T H  R E S P E C T  TO X TO B E  R E T U R N E D
C--------------------------------------------------------- .—  --------------------------------------------- ------------------------ -----------------------c

I M P L I C I T  R E A L * i J  ( A - H , 0 - Z >
C O M M O N / W H E E 0 2 /  A ( 9 9 ) , 6 ( 5 9 ) , X C ( 9 9 )
COM M ON / WP E E  0 1 / A T W <  9 9 ) ,  B T W ( 9 9 ) , C W( 9 9 ) , X I C w ( 9 9 ) , NW1 
DO 5 1=1 , N w1
I F  (X ,L.E . XCC  I ) )  6 0  TO 8

5 C O N T I N U E
I =N W1 +1

a I F  ( C W ( I ) . L Q . Q . O )  6 0  TO 10
Z = b  ( I  ) +D SQRTC C W ( I )  ** Z - ( X - A ( I ) ) * * 2 )
OZ = (A ( I ) - X ) / (  2 - 3  ( I ) )
6 0  TO 2G

10 Z = A  ( 1  >*X+9 ( I>
D Z  = A  (  I  )

20 R E T U R N
E N D
D O U B L E  P R E C I S I O N  F U N C T I O N  6 D A ( X F , Y F , Z  F , X N F ,  Y N F , Z N F , X S , Y S , Z S » X N S ,  Y N 

1 S » 2  N S , B X S » H Y S )
W-

L ---------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------
C 6DA ( X F  , Y F , 2F , X N F , Y N F , Z N F , X S , Y S , ZS , X N S  , Y N S , Z N S , H X $ , H Y S )
L
C P U R P O S E . . . . .
C TO E V A L U A T E  T HE  I N T E G R A L  OF  T H E  G R E E N  F U N C T I O N  6 OV ER  THE
t  A R E A  DA
C
C M E T H O D . . . . . .
L
C S T A N D A R D  S U B P R O G R A M S .............
C F U N C T I O N  B I F ( H i , H 2 , H 3 , H A , C >
C
C D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
L ----------- •----------------------- ■------------------------------------■-----------------------------------------------
C

I M P L I C I T  R E A L *  6 ( A - H , 0 - 2 )
COMMON / B O D Y ? /  E 1 ,  AN U1 , N N R , NN W 
COMMON / B OD Y * . /  E 2 , A N U 2 /
P I  = 3 . 1  a  1 5 9 2  t-S 4 .
£ P S = 1 . £ - 1 0  
C = 1 .
XX S F = X S -  X F 
YY S F = Y S - Y F  
ZZ S F = Z S - Z F
DS F =D S QRT  ( X XSF  ** 2 + ZZ SF * *2  )
R = D S Q R T ( D S F * - * 2 + Y Y S F * * 2 )
C A C  =1 • / D SGSRT( 1 .+ ( XNS  / Z N S > * * 2 )
C B C =1  . / D S G R K 1  . * ( Y N S / Z n S ) * * 2 3
h x n =h x s / c a c
H Y N = H Y S / C 9 C
I F.  ( H X N . G T  . H Y N )  6 0  TO  2
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COIVwH E E L

h -  H Y N 
GO TO 3

2 h - H X N
3 I F  (R . l E . (1 . 5 * H  > ) GO TO 6

GDA =HXS*  HYS GR 1  ( XF ,  YF , Z F , XS  , YS  , I S  , X N F  »Y NF , Z N  F , X N S ,  Y N S  , Z .NS , R )  + GR 2  
1 (X F , Y F , Z F r X S » Y S ,  ZS  , X N f  , YN F , Z N F f X N S , Y N S , Z NS , R ) ) /  ZN S

GO 10  30
£> H1 - ( Y Y S F + . 3 * H Y S )  / C B C

I F  ( D A B S  ( H I )  . L E  . E P S )  GO 7 0  10  
H 4 - H 1  - H Y N
I F  ( D A B S  (HA ) . G T  . E P S )  GO 70 2 0  

10 C r . 5  
h 1 -  HYN 
H4 = — H Y N

23 I F  ( D A B S ( X X S F )  . 6 7 . E P S )  GO 7 0  3 0  
25 h2 -  . 5 *  H X n 

GO 70  3 5
30 H'2 -  D S F* X XSF- /D A B S ( X X S F ) + . 5  * H XN.
33  h 3 —H2 —HXN

C K - ( 1 . - A N U 1 * *  2 )  / ( P I * E 1 )  + ( 1 . - A N U 2 * * 2 ) / ( P I * E 2 )
GDA =CK*B  IF  ( H1  , H 2 , H 3 , H 4 ,  C)

35 R E T U R N  
END
D O U B L E  P R E C I S I O N  F U N C T I O N  B I F  ( H 1 , H 2 , H 3 * H4 , C )c:

c --------------------------- ----------------------------------------------:---------------------------------------------
C b I F  ( H1  , H 2  , H3 , H 4 , C >
C
C P U R P O S E .............
C TO E V A L U A T E  THE I N T E G R A L  OF D A / R  * H E N  I T  I S  S I N G U L A R
L U S I N G  THE  L U K E ' S  F O R M U L A
£
C M E T H O D ................
C
C D E S C R I P T I O N  OF A R G U M E N T S . . . . . .
C - ---------------------------------------------------------------------------------------------------------------------------------------------- ------------ ------------

I M P L I C I T  R E A L  * 8  ( A - H ,  0 - Z  )
P I = 3 . 1 4 1 5 9 2 J S 4  
T1 = DA TA N ( He  /H 1 )
81 =DA TAN  ( H3  /H 1 )
T ? - D A T A N ( H 1  /H 2 )
82 = DA TA N ( HA /H 2 )
1 3 -  DATA  N ( H1  / H 3 >
83  -  DA TA N (H*< i n  3 )
7 4 = DA TA N ( H2 / h  4 )
B 4 = D A T A N ( H 3  ( n  4 )
A T I = D A B S ( T 1 )
A l t = D A B S ( T 2 )
A T 5 = D A b S ( T 3 )  
a T 4  =DA6 S ( T 4  )
AB 1 =DAB S ( B 1 )
A B 2 = 0 A 6 S ( B 2 )
A B 5 = D A S S £ B 3 )
A B 4 = D A B S ( B 4 )
C11  =D L OG ( D T A N (  P I / 4  . + AT 1 / 2 . )  )
C' 1 2 = D L O G ( D T A N (  P I  / 4 . +  A B 1 / 2 . )  )
C21  = D L OG ( D  T A N (  PI  / 4  . + A T 2 / 2  . )  >
C 2 2  = D L O G ( D T A n ( P I / 4  .♦  a B ' 2 / 2  . )  ) '
C3 1  =D L OG (D T AN ( P I  / 4 . +  A T 3 / 2 . )  )
C3 2 = D L O G ( D T A N (  P I  / 4 .+ A8 3 /  2 .  ) )
C41  = D L 0 G (D TAN ( P I  / 4  .+ AT 4 / 2  . )  )
C 4 2  =DL OG (D I A w (  P I  / 4 .+ AS 4 / 2 .  / )
C l = 1 1 / A T 1 * C 1 1 - 8 1 / A 6 l * C  12  
12 = T2 / A T 2 *  C 2 1 - S 2  / A B2  *C 22  
C3 = 13 / A T3*  C 3 1 - B 3  /  A S3  *C 32 
C 4 - T 4 / A T 4 * C 4 1 - B 4 / A B 4 * C 4 2
B I  F = D A B S ( D A B S  (• H i ) *  C l  + D A B S ( h 2 ) * C 2 - D A 6 S  C h 3 ) * C 3 - D A B S  ( h 4 ) * C 4 ) * C
RE T URN
END
D O U B L E  P R E C I S I O N  F U N C T I O N  &R 1 ( X F * Y F ,  Z F , X S ,'Y S ,  Z S *X N F * Y N F ,  Z N F t X NS , Y N 

1 S , Z N S , R )
C -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C
C P U R P O S E . . . . .
C TO E V A L U A T E  T HE  G R E E N  F U N C T I O N  FOR BODY 1 ( S OUS  S I N  E S ii
C I N F L U E N C E  F U N C T I O N  I S  U S E D )
C
C ME T H O O ............. ...
L
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o 
r-\ 
c* 
r* 
r^

r
 f
ir

cn
nr

i 
o 

<*** 
r*. 

r*
 c

*
 r*.
 r*=
 r->
 o
 r*t
 r->
 r 

o 
r->. 
*•*> 
r % 
o 

r?t 
r*> 
rv 
r̂ 
o 

r*. 
ri 
r*i 
r> 
r'> 

p~ 
no

C G N w H E E L

D E S C R I P T I O N  OF A R G U M E N T S . . . . . .

I M P L I C I T  R E A L  * b  ( A - H , 0 - Z )
COMMON / B 0 £> Y 1 /  E 1 , AN U1 , NN R , NNW
P I = 3 . 1 A 1 5 9 2 f 54
GR1 = (1 » - A  NU 1* * 2)  / (  PI  * E 1 * f t )
R E T U R N
END
D O U B L E  P R E C I S I O N  F U N C T I O N  SR 2 ( X F , Y F , 2 F »X S f Y S , Z S TX N F , Y N F , l  NF , X NS , Y N

1 S . 2  N S , A )

. P U R P O S E . . . . .
TO E V A L U A T E  THE  G R E E N  F U N C T I O N  FOR BODY 2 ( S OU S  S I N  ESQ 

I N F L U E N C E  F U N C T I O N  I S  U S E D )

M E T H O D . . . . . .  '

D E S C R I P T I O N  O F  A R G U M E N T S . . . . . .

I M P L I C I T  R E A L  * 8  < A - H , 0 - 2 )
COMMON / B 0 D Y 2 Z  E 2» AN U2
P I = 5 . 1  A 15  92  65  A
6 R2  =<1 . - A N U 2 * * 2 ) / C P I * E 2 * R )
R E T U R N
E N D
D O U B L E  P R E C I S I O N  F U N C T I O N  P A f t A B C S M , S L , P M , P L )

P A R A U  ( S M * S L , P M , P L )

Plf ft PH C P _______
J O  E X T R A P O L A T E  B E T W E E N  TWO P O I N T S  AND 

WHEN A B S E S S 1 A  I S  ,Z.ERO
F I N D  O R D I N A T E

M P T H O r i ________
P A R A B O L I C  E X T R A P O L A T I O N  B E T W E E N  T H E  TWO. P O I N T S  

P R E P E N D I C U L A k  TO O R D I N A T E  I S  U S E D .
AND

D E S C R I P T I O N
( S M . P M )
( S L t P L )

. P A R A B

OF  A R G U M E N T S . . . . . .
C O O R D I N A T E S  OF  P O I N T  M 
C O O R D I N A T E S  OF P O I N T  L  
V A L U E  OF  THE O R D I N A T E  TO B E  
C A L L I N G  P R O G R A M .

R E T D R N  ED TO THE

I M P L I C I T  RE A L *  6 < A - H  , 0 - Z )
P A R A b  = I P L * *  2* S M - P M * *  2 * S L ) / ( P L * * 2 - P M * * 2 )
R E T U R N
END
S U B R O U T I N E  SU3  S I £< M X , N Y , X B L  » X E R , X , Y , Z , H X , HY , K U , Y N , l N , F » A N U , 

SAMU X . A M U Y , 1  OPT  » I B U G *  NN W * N N R )

BY B . P A U L  A ND S . S I  NS H 

11 TH A P R I L  I V B 0

* * * * *  p u r  P O S E

T H I S  S U B R O U T I N E  C A L C U L A T E S  THE N O R MA L  AND S H E A R  S T R E S S E S  B E L O W  
T HE  S U R F A C E  OF THE B O D Y  OF  AN A R B I T R A R Y  P R O F I L E  WHEN THE  S U R F A C E  
OF THE B OD Y  I S  L O A D E D  WI TH A R B I T R A R Y  L OA D S  f 8 0 T H  N O R M A L  AND 
T A N G E N T I A L

* * * *  *«!£ THQD

THE  C A L C U L A T I O N S  ARE  DONE  I N  THE  F O L L O W I N G  S T A G E S

1 .  THE  O U T P U T  I N F O R M A T I O N  OF  P R O G R A M  ~C ON F OR M " I  S T R A N S F O R M E D  
SO T HA T  I T  I S  U S A B L E  BY  S L I B S I G

2 .  E S T A B L I S H  A L O C A L  C O O R D I N A T E  S Y S T E M  S U C H  THAT  THE  2 - A X I S  
I S  NORMAL.  TO THE S U R F A C E
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C G N w H E E L

C i  . C A L C U L A T E  A L L  V E C T O R  Q U A N T I T I E S  E . G .  P O S I T I O N  OF S O U R C E
P O I N T S , F I E L D  P O I N T S , C E L L .  W I D T H S , C E L L  L E N G T H S ,  N O R M A L  AND  
T A N G E N T I A L  l o a d s  w i t h  r e f e r e n c e  t o  t h e  l o c a l  c o o r d i n a t e
S Y S T E M .

A . C A L C U L A T E  THE S T R E S S E S  DUE TO THE  NORMA L  AND T A N G E N T I A L  
L O A D S  U S I N G  B O U S S I N E S Q E ' S  S O L U T I O N  FOR N O R MA L  L O A D S  
C E R R U T I ' S  S O L U T I O N  FOR.  THE T A N G E N T I A L  L O A D S  I N  T H E  TWO 
T A N G E N T I A L  D I R E C T I O N S , A S S U M I N G  A S E M I  I N F I N I T E  3 GD Y  
WI TH  S I N G L E  C O N C E N T R A T E D  L O A D  AT T H E  0 R 1 6 I N

5 . T R A N S F O R M I N G  THE S T R E S S  C O M P O N E N T S  FROM T HE  L O C A L  
C O O R D I N A T E  S Y S T E M  TO T H E  GL 0 BA L C 0  OR DI  N AT E S Y S T E M

6 . S U P E R I M P O S I N G  A L L  S T R E S S  C O M P O N E N T S  I N T H E  G L O B A L  
C O O R D I N A T E  S Y S T E M  DUE TO A L L  S U R F A C E  L O A D S

? . W R I T I N G  OUT  THE R E S U L T S  V I Z .  T H E  S I X  S T R E S S  C O M P O N E N T S  
AND T h t  E Q U I V A L E N T  S T R E S S .

* * * * OP F I O N S

THE  U S E R  CAN E X E R C I S E  THE  F O L L O W I N G  O P T I O N S

I O P T - G  . THE  P R O G R A M  S C A N S  T H E  L O A D E D  R E G I O N  OF THE  S U R F A C E  
OF THE BODY AND D E T E R M I N E S  THE  L O C A T I O N  OF THE  
P O I N T  WI T H  M A X I M U M  N O R M A L  L OAD AND C A L C U L A T E S  
THE  S T R E S S E S  W I T H I N  T H E  B O D Y  U P  TO A D E P T H  E Q U A L  
TO THE  L E N 6 T H  OF  T HE  L O A D E D
R E G I O N  AT AS MA NY  P O I N T S  A L O N G  THE D E P T H  AS  THE  
N U M B E R  OF C E L L S  A L O N G  T H E  L E N G T H  A X I S .

I OP . T - 1  THE U S E R  MAY S P E C I F Y  T H E  T H E  X AND T H E  Y L O C A T I O N  
OF THE  P O I N T  OF  I N T E R E S T , T H E  MAX I M U M D E P T H  TO BE 
S C A N N E D , A N D  T HE  N U MB E R  OF  P O I N T S  A L O N G  T H E  D E P T H  
A T  WHI C H  THE S T R E S S E S  A R E  TO BE  C A L C U L A T E D .

1 0 P T = 2 THE  U S E R  MAY S P E C I F Y  T H E  X , Y AND T HE  l  L O C A T I O N  
O f  E A C H  OF THE  P O I N T S  OF I N T E R E S T , A N D  THE  T O T A L  
N U M B E R  OF P O I N T S  OF I N T E R E S T .

* * ‘ * * D E S C R T P T 1 G N S  OF V A R I A B L E S

MX N U M B E R  OF C E L L S  A L O N G  X - A X I S .
NY N U M B E R  OF C E L L S  A L O N G  Y - A X I S  AT E A C H  X - L O C A T I O N
X B L  L E F T  B O U N D A R Y  OF  T H E  L O A D E D

R E G I O N
X BR  R I G H T  B O U N D A R Y  OF T H E  , L O A D E D

R E G I O N .
X X - C G O R D I N A T E  OF  T HE  C E L L  C E N T R O I D  ( S O U R C E  P O I N T )
Y Y - C O O R D I N A T E  OF  THE  C E L L  C E N T R O I D  ( "  G
2 Z - C G O R D 1 N A T E  OF  T HE  C E L L  C E N T R O I D  ( "  )
HX L E N G T H  Of  C E L L  A L O N G  X - D I R E C T I O N
HY ' WI DT H  OF C E L L  A L O N G  Y - D I R E C T I O N
XN X - C G M P O N E N T  OF  THE  U N I T  N O R M A L  f O T H E  S U R F A C E
YN Y - C Q M P O N E N T  OF  THE  U N I T  N O R M A L  TO THE  S U R F A C E
2 H  Z - C O M P O N E N T  OF  THE U N I T  N O R M A L  TO T HE  S U R F A C E
F ( 1 , 1 )  N O R M A L  L O A D  ON THE  S U R F A C E  ( Z - D I  R E C T I O N )
F ( 1 , 2  ) T A N G E N T I A L  L O A D  ON T H E  S U R F A C E  ( X - D I R E C T I O N )
F ( i , i )  t a n g e n t i a l  l o a d  o n  t h e  s u r f a c e  ( y - d i r e c t i g n  )
A NO P O I S S O N ' S  R A T I O
S S X X  N O R M A L  S T R E S S  I N T HE  X - D I R E C T I O N
S S Y Y  N O R M A L  S T R E S S  I N T HE  Y - D I R E C T I O N
S S Z Z  N O R M A L  S T R E S S  IN T H E  1 - D I R E C T I  ON
S S X Y  S H E A R  S T R E S S  I N THE X Y - D I R E C T I O N
S S Y Z  S H E A R  S T R E S S  I N THE Y Z - D I P E C T I O N
S S Z X  S H E A R  S T R E S S  I N  THE  Z X - D I R E C T J O N
S C R I T  E Q U I V A L E N T  S T R E S S D E F I N E D  AS S Q U A R E  ROOT  OF T H R E E  T I M E S  w?  
J 2  S E C O N D  I N V A R I A N T  O f  S T R E S S  D E V I A T I O N  T E N S O R

I M P L I C I T  RE A L *  8 ( A - H  » 0 - Z )
R E A L  J 2 » J J 2

D I M E N S I O N  B ( T O G ,  1 0 0 )  , F ( 1 G C , 3 ) » w K A R E A ( 1 G 0 ) , X  ( 1 G 0 ) , Y ( 1 G G ) , Z < 1 D u )  
D I M E N S I O N  P (<_G , 5 )  ,  X 8 (  2 0 )  * YE  ( 2 0 )  ,  HX ( 2 0 )  , H Y ( 2 0 )  , X B M 2 0  ) , Y 3 N ( 2 0 )
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CCNhHE EL .

D I M E N S I O N  YBi-lC 2 0 )  , YBMM C 2 0  ) , AR C 20  > , T I T  L E ( 20 > , R AT <1 0 ) , N Y ( ? 0 ) , N X ( 1 0)
D I M E N S I O N  A NC 1 G O  , YN ( TOO)  , ZN ( 1 0 0  ) , FXP  C 2 0 , 1 0  ) , F Y P C 2 0 ,  1 0 )  , FZ PC 2 0 , 1G)
D I M E N S I O N  X SX< 2 0  , YS r (  2 0 ,  1 0 ) ,  Z S Z  ( 2 0  , TO ) , * X  ( 2 0 . 1 0 )  , wY  ( 2 0 , 1  G )

/ D I M E N S I O N  Z FF ( i O  , XF M(  2 0 )  , Y FM < 20  ) , Z FM ( 2 0 )  , N$Y  < 2 0 )
D I K  E N S I O N  K n n (  2 0 , 1 0  , Y NN ( 2 0 ,  1 0 ) , ZNN ( 2 0 , 1 0  
D I M E N S I O  N A XX < 2 0 ,  1 0 ,  2 0 )  , AY Y ( 2 0 , 1  G ,  2 0 )  , A Z 2  < 2 0 , 1 0 , 2  0 )

% , *  X Y ( 2 0 , 1 0 , 2 0 ) , A Y Z C  2 0 ,  1 0 , 2 0 ) , A Z X  C 2 0 , 1 0 * 2 0 )  ,  A C T  ( 2 0 , 1 0  , 2 3  )

. . .  . T R A N S F O R M  THE O U T P U T  OF  CONF ORM SO T H A T  IT I S  A C C E P T A B L E  

. . . . F O R  US E  B Y  S U B R O U T I N E  ' S U B S I G '

1 .  D E F J N J T I O N  O f  F U L L
2 .  T R A N S F O R M A T I O N  OF C O O R D I N A T E S  OF  S O U R C E  P O I N T S  TO D O U B L E  S U B S C R I P T E D  

V A R I A B L E S

I F  ( I O P T  . E u  . 3 )  GO TO 6 0 
I J = 0
DO 5 1 - 1  , H X  ■ i
( v S S Y - N Y  ( 1 )
NS Y  ( I ) =2 * N Y ( 1 )  - 1  
DO 5 J =1  , N S S Y  
I J - I J + 1  
A 1 - N S S Y + ( J - 1 )
K Z  = N S S Y - <J - 1)
X S X  (1 ) =X  C l J )
Y S Y  ( I , x l ) = Y ( I J  )
Y SY ( I , K 2 ) = - Y l I J )
Z S Z  ( I  , K 1  ) =Z  C l  J )
Z S Z  ( 1 , K 2 ) = Z ( I J )
X N i\ C l  , x 1  ) = X N C I  J )
X Nt\ ( 1 , N 2 )  = X N < I J )
Y N . \ ( I , K 1 ) = Y N ( I J )
YMN C l  , K 2  > = - YN(  I J )
ZNN  C l  , *1 ) = ZN< I j )
Z N N  C l  , K 2  ) = Z N( I J )
F X P  ( I  , K 1 ) = F C i J  , 2 )
F X P < 1 , K 2 ) = F ( I J * 2 )
F Y P  ( I , k. 1 ) - F  ( I J  , 3 )
F Y P C l , K Z J - - F C I J ,  3)
F Z P  ( I  , K 1  ) = F C I J  , 1 )
F Z P  Cl  , * 2 )=F  C i J  , 1 )

. . . . W I D T H S  OF I N D I V I D U A L  C E L L S  
WX ( I , K 1 ) - H X  C l )
W X ( I , K 2 ) = H X ( 1 )
WY ( I f K l ) —H Y C i )  
i»Y C 1 ,  K2  ) = H Y C D

C O N T I N U E
. . . . B E G E N I N G  OF S U B S I . S  P R O P E R

I F  C I B U G . E a . U )  S O  TO 1 0 1  
« R 1  TE <NN ' w , 9 0 U )

9 0 G  F 0 R K A T C 1 H 1  ,2<*X , ' l  N P U T D A T A ' /  2 4 X ,
1 ' --------------------------'-----')

W R I T E  ( N N W , 9  0 1 )
9 0 1  FORMAT ,  C 2 X ,  ' P O I N T ' , ' 6 X  , ' S O U R C E  PO I N T ' T O  X , ' S  U R F A C E '

1 4 X , ' T  R A L T I 0  N S '  , / ,  1 X ,  '  I N D I C ES '  , 4X , ' G  LO B A L  C O O R D I N A T E S '  
2 ,1 4 X f ' L O C A L  C O O R D I N A T E S ' )  

m R 1 T E ( N N W , 9  G t  )
90  2 FOR MAT (1 X ,  ' ----------------' ,  2X , ' ------------------------------------------------- ----------3 X ,

1 ' -------------------------------r ------------------------')
w R I T E ( N N W , 9 03 )

90  3 F O R M A T ( 2 X , '  I '  , 3 X , ' J ' ,  6 X , '  X S ' , 6 X , ' Y  S ' , 6 X , ' Z  S ' » 7 X ,
1 ' T a ' , 1 0 X , ' T Y ' , 1 G X , ' T Z ' )

* R I T E C N N w ,  9  0 2)
DO 1G1 1 = 1 , MX
LMY = N S Y ( I )
DO 1G1 J = 1 , L M Y
W R l T E ( N N w , y O A ) I , J , X S X ( I ) , Y S Y ( I , J ) , Z S Z ( I , I ) , F X E’ ( l , J ) , F Y P ( I » J )  » 

$ F Z P ( 1 , J )
1 0 1  C O N T I N U E
9 G 4  FORMA T ( I 5 , 1 X , 1 3 ,  I X , 3 F 9 . 3 , 2 X , E 1 1 . 4 , T X , E 1 1 . 4 , 1X , E11  . 4 )

NR =NNR
I F  ( I O P T . E U . O )  GO TO 11
I F  C l O P T . E a . 1 )  GO TO 1 2
I F  C l O P T . E a . 2 )  GO TO 1 3C 64
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L ( I 0 7 = 2 ) U S E R  S P E ' C I F I E S  X , Y , Z  W H E R E  S T R E S S E S A R E  W A N T E D
f 1 3 . C ON  T I N G E

R E A D  ( N R  ,6 0 0 )  N P
DO 21 N — 1 « N P

a RE A  D ( N P  , 8 0 1  ) X F M (  N)  , Y F M  ( N ) ,  Z F F ( N )
2 1 C O N T I N U E

> L  = 1
M -1

(
GO T O  1 9

V
c ( I O P T - I ) U S E R  S P E C I F I E S  L O C A T I O N  FOR D E P T H P R O B E
1 2 R E A  D (N R , 6 0 0 ) NP

REA  D CNFt , 8 0 1  ) XF r.C 1)  , Y FM < 1)  »2 FM ( 1 )  
D E P  H=-Z FM ( D / > t P  
A N - 0 . 0
DO 13 I  N=1 , NP 
Z F F ( 1 N )  = ( A N - G . 5 )  * D E P H 
AN =AN-1 . 0

15  c o n t i n u e
DO I c  N = 1 , N P  
X F M  ( N ) = X F M (  1)
Y FM <N )  -  Y FM (  1)

2 2  C O N T I N U E  
L = T 
M = 1

GO TO 1 9
C
C <10 F T  = G )  P R O G R A M  S C A N S  FOR M A X .  P R E S S U R E

11 ' D E P H = - X 8 L + X B k
DD = D E P H / M X  
AN = 0 . 0
D O  I t  I N = 1 , MX 
Z F P ( 1 N )  = ( A N - 0 . 5 ) * D D  
A N  = A N -1 .0

1 6  C O N T I N U E  
PM A X = 0 . 0  
IJ = 0
DO 1 /  1=1 , WX  
LM Y = N S Y ( I  )
DO M  J = 1 , L M Y  
I J = l i  + 1

8 0 2  F OR MA T  C ? I 5  , 2 F 2 G . 4)
I F  ( F Z P ( l t J ) . L T . P M A X )  GO TO 17 
P K A  X = F Z P ( I , J )
I M A X  = 1 
J MA  X = J

1 7  C O N T I N U E  
N P = V X
DO 2 3  N = 1 t N P  
X FM ( N ) — X S X ( IMA X)
Y FM < N )= Y S Y <IMA X , J M A X )

2 3  C O N T I N U E  
L = I  MA X
M = J MA X 
GO TO 19  

19 CONTI NUE  
SOC FORMAT C1 1 1 0 )
S 0 1 FOR MAT ( 8  F1 0 . 4 )  

C
P I - 3 . 1 4 1 5 9 2 6 5 4

C
c

D O  c 0 N — 1 f N  A

S E L E C T I O N  OF F I E L D  P O I N T S  
X F ' u = X F M ( N )
Y F u - Y F M ( N )
2.FG =Z F F ( N )

C
C I N I T I A L I S A T I O N  OF R E S U L T A N T  S T R t S S  M A T R I X

S I G X X = G . G  
S I b Y Y = O . D  
S I G 7 Z  =0 . 0  
S I  G XY - 0 . 0  
S 1 G Y Z = G • 0 
S I G Z X = G  . 0  

C
C S E L E C T I O N  OF  S O U R C E  P O I N T S
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CGIN*N E E L

f  N C l  =2 0
S V c  F O R M A T  ( 1 X* 1 Lf I  5 )  

DO 3 U 1 -  1 * ft X 
N C <_ = 3 0

’ L^Y =NS Y < I )
» DO 3 6  J =1 » L MY

N C i  -31

C
t  C O O R D I N A T E S  OF S O U R C E  P O I N T S — G L O B A L  —

x S u = X S X ( I )
Y S u  =Y S Y ( I , J )
Z SU =2 SZ  ( 1 * J )

C
L ............ W I D T H  Of  S O U R C E  C E L L S

WX a = w X ( I * J )
«  Y Y =W Y ( I * J )

L
t . . . .  . D I R E C T I O N  C O S I N E S  OF U N I T  N O R MA L  AT S O U R C E  P O I N T

X X N =A NN ( I , J ) 
YY N =Y NN ( I , J ) 
i  Z ft - l  N N C I 4 J )

C
C . . . . . E L E M E N T S  OF S T R E S S  T E N S O R  T R A N S F O R M A T I O N  M A T R I X

C A L L  T R A N S  l U X  N ,  Y Y N ,  Z Z N t A l 1 , A l 2 , A l 3 » A Z t , A 2 2 * A 2 3 * A 3 1 , A 3 2 , A 3 3 >  
L 
L
L ...............T R A N S F O R M A T I O N  OF F I E L D  P O I N T  T O L O C A L  C O O R D I N A T E S

A F = X F C * A 11 ■ » Y F 0 * A 1 2 * Z F 0 * A 1 3  
Y F  =  X F C * A 2 1 - » Y f O * A 2 2 + Z F D * A 2  3 
Z F  = X F 0 « A 3 H Y F 0 * A 3 2 - » Z F 0 * A 3 3  

C
L . . . .  . T R A N S F O R M A  f I O N  OF S O U R C E  P O I N T  C O O R D I N A T E S

XS = X $ C * A  11 -» Y S O *  A U  + Z SO * A1  3 
Y S  = X S C * A 21 •* Y S G * A  2 2 + Z  S G * A 2 3 
Z S = X S G * a 3 1 + y s C * A 3 2 * Z S G * a 3 3  

t
t ...............T R A N S F O R M A T I O N  OF W I D T H S

m W A = i * X A * A l  1 + w Y Y* A 1 2 
« W Y = w X x * A 2 1 + W Y Y * * 2 2  

c 
c
C Rc ADI NG IN OF LOADS

FPX = F X P ( I * J  ) * W W X * W W Y 
FPY = F Y P ( I , j )*WWX*WWY 
PPZ = F Z P C i , J )**»WX*wWY 

L
L D I V I S I O N  OF  I N D I V I D U A L  C E L L S  I N T O  S U B C E L L S  F OR N E C E S S A R Y  A C C U R A C Y

1 N =1
5>GC C o n t i n u e

M l  = 1 N 
M J = 1 N 

L
c i n i t i a l i z i n g  s t r e s s  t e n s o r  t o  z e r o  f o r  i n d i v i d u a l  s u b c e l l  l o a d s

S a X =C . 0  
SY Y = 0 . 0  
SZ  Z = 0 . 0  
S A Y = 0  . 0  
S Y Z - G  . 0  
SZ X = c  . 0  

i
L D E T E R M I N A T I O N  OF S T R E S S E S  DUE T O  L O A D S  I N  I N D I V I D U A L  SUB C E L L S

N L -t .
D u  3 1 O 1 1 = 1 * Ml  

NC** =5 1 U
DO 3 1 0 J J =  1 * M J 
N C 5 = 5 11 

C
C D E T E R M I N A T I O N  OF C O O R D I N A T E S  OF  L O A D S  I N  E A C H  S U 6 C E L L

X x S = X S - ( W * X / 2 . G ) * t M I - 1 . G - ( I l - 1 . G ) * 2 ) / M I  
YY  S = Y S - ( W * » Y / c . G ) * < M j - 1 . G - ( J J - 1 . 0 ) * 2 ) / M J  
Z Z S = Z S 

L
C D E T E R M I N A T I O N  OF l O m DS o n  e a c h  S L I b C E L L

PX = P P X / ( M I * M J )
F Y  = P P Y / ( M i  * M J )
PI  = P P Z / ( M i  * « J  )

T R A N S F O R M A T I O N  OF C O O R D I N A T E S  w I T h R E S P E C T  T O  L O A D S  ON S U 3 C E L L S
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C G N w H £ £ L

XX = X F -  X X S 
r  Y Y = Y F - Y Y S

ZZ =Z F - Z Z S  
t 
L

*■  C C A L C U L A T I O N  OF S T R E S S  DUE TO E A C H  L O A D
y  C A L L  S U a F L T C X X , .  Y y , Z Z , P X , P Y , P Z f A N U , S X X t- S Y Y , S Z Z , S X Y , S Y Z , S Z . X >

c
c

5 1 0 c o n t i n u e
C.  . ............ T R A N S F Q R M A T I  ON 0 F S T R E S S  T E N S O R  E L E M E N T S  TO G L O B A L
L C O O R D I N A T E S
C

C A L L  T R A N S 2 C A T 1 , A T 2 , A 1 3 t A 2 1 , A 2 2 t A 2 3 , A 3 1 , A 3 2 , A 3 3 , S X X , S Y Y , S Z Z ,  
TSX Y t S Y Z S Z X , S S X X , S S Y Y r S S Z Z , S S X Y , S S Y Z , S S Z X )

c
C C A L C U L A T I O N  o f  s e c o n d  i n v a r i a n t  a n d  c r i t i c a l  s t r e s s

J u 2 = ( ( S S X A - S S Y Y ) * * 2 - K S S Y Y - S S Z Z ) * * 2 + ( S S Z Z - S S X X ) * * 2 ) / f c . G  
S S  C T = C 3 . G * J J 2 ) * * 0 . 5  
W w XY =0 M I N T  < « W X , i*W Y )
I F  ( U Z i W t f X T )  , E T . « . 0 ) S 0  TO 5 3 0  
I f  C I N . G T . 1 )  GO TO 5 2 0  
S S  CT1 - S S L  T 
I N - 1 N + 1 
GO TO 5 GO 

52G S S C T 2 - S S C T
DS S C T - D A 8 S  CSSC T 2 - S S C T T )
I F  CSSC  T1 . N£ . G . G O U )  DS SCT  = D SS  CT / SS  CT 1 
I F  C D S S C 7 . L E . 0 . 0 5 ) 6 0  TO 5 3 0  
S S CT1 =SSC  T l  
I K = I N + 1
I f  C I N  . L E  . 5 )  GO TO 5CG 

5 3 0  C O N T I N U E  
L 
C
C S U M M A T I O N  Of  S T R E S S E S  DUE TO A L L  S O U R C E  P O I N T S

S I 6 XX —S I G X X * S S X X  
S I 6 Y Y = S I G Y Y + S S Y Y  
S I 0 2 Z - S I G 2 2  + S S Z Z  
S I G  X Y - S I G X Y + S S  XY 
S 1 G Y Z - S I G Y Z + S S Y Z .
S I G Z X = S I 6 Z X  * S S  ZX 

* 30  C O N T I N U E
t
C
C C A L C U L A T I O N  Of  S E C ON D  I N V A R I A N T  O F  S T R E S S  ND VON M I S S E S
L  C R I T I C A L  S T E S S

J 2 = < C S I G X X - S I G Y Y ) * * 2 + C S 1 6 Y Y - S I 6 Z Z ) * * 2 + ( S I 6 Z Z - S I 6 X X ) * * 2 ) / 6 « 0  
5 *C S I G X  Y * * ?  + S1G Y 2 * * 2 +  SI  G Z X * *  2 )

C
L

SCR  I T = ( 3  . G * J 2 )  * * 0 . 5  
C
c

A XX  CL ,M , N ) =  S i G  XX 
AYY  C L , M , N ) =  S I G Y Y  
A Z Z  ( L , M , N )  = S i G Z Z  
AX Y ( L , M . N )  = S I G  XY 
AY Z C L , M , N ) - S I G  YZ 
A Z X  CL , M , N ) = S I S  ZX 

L
A C T  < L t « * N ) = S C R I T

2G C O N T I N U E  
L 
t
C O U T P U T  OF R E S U L T S

40  C O N T I N U E
»> k  I T E  CNNW , 4 0 5  )

4 0 5  F O R M A T  (1 H1 , 3  5 X ,  ' !? E S 0 L T S ' , / , 5 5 X , ' --------------------------------------------
1

W R I T  E C N N w , 9 0 & )
9Gfc F O R M A T  C 3 X ,  ' P O I N T " ,  1 6 X , ' F I E L D  PO IN T " ,  1 fcX , ' S  U B

1 ' S  U R F A  C E ' , 3 X ,  ' S T R E S S  C O M P O N E N T  S '
2 , 1 2  X , '  E Q U I V A L E  NT ' ,  / , 2 X « ' I N D I C E S '  , 1 5 X , ' C OOR D I N A 7 E S  ' , S 9 X , ' S T R E S S ' )  

* R 1 TE CNNWt y U Z )
90  7 FORMA T C I  X ------------------- ' ,  5 X , ' ------------------------------------------------------------------------ ' , U ,<| ^ . +

+ ______________

w R I  T E C N N W ,  9  O i l ) c 7



t C N *> H E t L
f  9 0  >: F 0  k  F  A  T  ( 2  a  ,  '  1 J  K '  ,  1 0  X ,  ' X  F ' ,  F  X ,  ' Y  F '  ,  8 X  ,  ' Z  F '  ,  1 c  X ,  ' S  X X ' ,

1 t > X , ' S  Y Y ' * o X , ' S  1 1 ' , C X ,S X r ' , E X , ' S  Y  Z  '  ,  <3X ,  '  S  Z X ' , f c X , ' S  E « ' )
*  R I  T 6  (  N N  *  ,  V C ?  )

.  D O  5 0  N = 1 , N P
* R  I  Tfc ( N N *  ,  * 0 9  )  L ,  M ,  N ,  XF *| ( N  )  ,  Y F M N  )  ,  Z F F (  N  )  ,  A a  X (  L ,  M .  N )  ,  A Y y  (  l ', M ,  M  ,  

x 1 A Z Z  < L , K , n ) , A a Y ( L , M , N ) , A Y Z ( i- , K , N ) , A Z X < L , M , N ) , A C T < L , M , N )
j j  C O N T I N U E
9 0 9  F C R M A 7 ( l x , i Z , Z l 3 , 3 x , F 1 u . . 3 , L X , ? F l G * 3 , 3 X , f c E l Z . , 3 , 3 X , E 1 C . 3 )
6 0  C O N T I N U E

R E  T  C R N

S U b  R O U T  I NE C kE  P A 6  < F ,  MX ,  N  Y ,  AM 0 X ,  A M U  Y  )
C
C
G * * * » * P U n  F O S E  
t
C T H I S  I S  A  D U M M Y  S U B R O U T I N E  T O  S U B S T I T U T E  F O R  ' C R E E P A G E  L 1 '
l  T O  G I V E  T H E  T A N G E N T I A L  F O R C E S  D E V E L O P E D  A T  T H E  C O N T A C T
C I N T E R F A C E  D U E  T O  N O R M A L  L O A D S . H E R E  C O N D I T I O N S  O F  P O R E  S L I P
C  A R E  A S S U M E D  G E N E R A T I N G  T A N G E N T I A L  L O A D S  P R O P O R T I O N A L  T O
o  T H t  n o r m a l  L o a d s  ,  T H E  C O N S T A N T  O F  P R O P O R T I O N A L I T Y  3  E  I N  G

C T H E  C C E F  F E C  I t  N T  O F  F R I C T I O N .

C
C
t

I M P L I C I T  R t  A k _ * b (  A - H ,  0 - 2 )
D I M E N S I O N  F ( 1 0 0 * 3 ) , N Y C  i O )
I J  = 0
D O  1 0  1 = 1 ,  PiX
NS S Y =N Y ( I )
D O  1 0  J = 1 , N S S Y  
I J -  I J * 1
F ( 1 J , Z ) = F ( I J , 1 ) * A M U X  
F ( I J , 3 ) = F ( I J , 1 ) * A M u Y  

1 0  C O N T I N U E
R E  T  U R N  
E N D
S U B R O U T I N E  S u S  F L  T  (  X X  ,  Y  Y ,  2  Z  ,P  X  ,  P  Y  , P  Z  ,  A  N U  ,  S X  X ,  S  Y  Y  , S  Z  Z  ,  S  X  Y ,  S  Y  2  ,  S  X )  

L

C B Y  B . P A U L  A N D  S . S I N G H
C
L  1 0 T H  A P R I L  1 9  S O
t
C
0  * * * * *  p  u  R F O S t  

C
C T H I S  S U B R O U T I N E  C A L C U L A T E S  T h E  S T R E S S  C O M P O N E N T S  W I T h I N  T H E
C b ODY A T  A G I V E N  F I E L D  P O I N T  D U E  T O  C O N C E N T R A T E D  N O R M A L  A N D
C I A „ G E N T I A L  L g A D S  A T  T H E  O R I G I N  A S S U M I N G  A  S E M I  I N F I N I T E  B O D Y ,
c 
c
L  *  *  *  * * i ' iF  T  H O D  
C
C T H E  P R O G R A M  U T I L I Z E S  T H E c O U S S I N E S Q E ' S  S O L U T I O N  F O P
C N O R M A L  L C A y S  A N D  T H E  C E R R U T I S ' S  S O L U T I O N  F O R  T H E  T A N G E N T I A L
C L O A D S
C 
L
c * * . ^ D E S C R I P T I O N  U F  I N P U T  A N D  O U T P U T  V A R I A B L E S  
t
L
l > X X - C G O R D I N h T E  O F  T H E F I E L D  P O I N T
L V Y Y - C O O R D I N A T E  O F  T h E F I E L D  P O I N T
c Z Z Z - C O O R D  I N  A T E  O F  T H E F I E L D  P O I N T
i. P X X - C O M P O N E N T  O F  T H E L O A D  A T  O R I G I N

t f  Y Y - C O M P O N E N T  O F  T H E L O A D  A T  O R I G I N
c P  Z 2 - C O M P O N E N T  O F  T H E L O A D  A T  O R I G I N
c A  N L p o i s s o n ' s  r a t i o

c S X X N O R M A L  S T R E S S  I N  X D I R  E C T I O N
c i -YY N O R M A L  S T R E S S  I N  Y D I R E C T I O N
c S Z  l N O R M A L  S T R E S S  I N  2 D I R E C T  I O N
c SX Y S H E A R  S T R E S S  I N  T H E X Y  D I R E C T I O N
t S Y Z S H E A R  S T R E S S  I N  T H E Y 2 - D I R E C T I O N
c S Z  A S H E A R  S T R E S S  I N  T H E Z X  D I R E C T I O N
C
c
c
c 68



r • p  p rv r .rs  r .n n c n r n ^ n n

cr»

»• lO* o 0** l..*J fv
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C G N W B  E E L

C A L L  L 1 N L 1 N C X 7 * Y 1 » X ^ , Y 2 * X 3 t Y 3 f A f 8 t C » X C J  
V) NC = 1

GO TO VQ
50  I F  ( N C . N E . T )  GO TO 6 0

I’ C A L L  L I M C I k  I x 1 , Y 1 * X 2 . Y 2 , X 3 , Y 3 , A , B , C , X C )
NOF  F=2

T. ■ a  0 = A
Y 0 = b  
*C = 2 
N S - N S + 1  
GO TO 9G

GO I  F U X 3 - X 2  > . E Q  . 0 . 0 )  AM2  = 1 « 0  0  50 
A M 2 = ( Y3 -  Y 2 ) /  ( X 3 - X 2)

61  I F  ( ( Y 2 - Y G )  . E Q . O . O )  A N 1 = - 1 . 0 D 5 0
A N 1 = - ( X 2 - X G ) / C Y 2 - Y 0 )
I  F < D A b S ( A  $ 2 - A N l )  . L T . 0 . 0 0 2  ) GO TO 70  
CA L L  C l  f c C I f H  XO» Y 0 , X 2 , Y 2 , X 3 , Y 3 f A , B « C , X C )
(\i 0 F F =3
N C — L
D R = ( ( X C - A ) * * 2 + ( Y 0 - S ) * * 2 ) * * 0 . 5  
I F  ( D A B S C D R / C  ) . G T  *0 . 0 5 )  NS= i *S+1

6 2  X u - AY 0 - i l l
GO TO 90

70 C A L L  C I R L I K  ( X 0 , Y 0 , X 2 , Y 2 , X 3 , Y 3 » A , B , C , X C )
WO F F = 4  
N C =1 
N S = N S * 1  
6 0  TO 9 0  

90  AX ( N S ) = A
BA  ( N S ) = B
CX ( N S ) — c
X C X ( N S ) = X C
I F  ( l . E f i . A T )  GO TO 1 0 G  
X 1 =X2
Y 1 =Y 2 
X 2 = X 3
Y 2 =Y 3
GO TO 2 5 '

TOO R E T U R N
E N D
S U B R O U T I N E  L l N L I N  C X 1 , Y 1 * X 2 f Y 2 , X 3 , Y 3 , A » B , C , X C 7 
I M P L I C I T  R E A L * 8  ( A - H  , 0 - Z )
I F  ( I X 3 - X 2 )  . E G . G . U )  GO  TO TO 
A = ( Y 3 - Y 2  ) / (X3 - X  2)
B - Y 3  -A *  x3
GO TO 2 0  '

10 A = 1 . 0 D 5 0
G = Y 3 - A * X2 

2U C O N T I N U E
C = G . 0  
X C -  X 3 
R E T U R N  
E N D
S U B R O U T I N E  L I N C I R  ( X 1 , Y 1 ,  X 2 5 Y 2 * X 3 , Y 3 , A * B ,  C , X  C > 
I M P L I C I T  R E A L * & C A - H , 0 - Z )
S « = £ Y 3 * * 2 - Y 2 * * 2 ) +  C X 3 * * 2 - X 2 * * 2 )
Y 3 2 - Y 3 - Y 2
Y L 1 = Y 2 - Y 1
X 3 2  = X 3 - X 2  '

A X 2 1 - X 2 - X T
I F  ( Y21  »E 0. . 0 . 0 )  GO TO 10 
1 F ( Y 3 2  . E G . 0 . 0 )  GO TO 20
A = ( ( 0 . 5 * S U / Y 3  2 ) - ( Y 2 * X 2 * X 2 t / Y 2 D )  / ( X 3 2 / Y 3 2 - * X 2 1 / Y 2 1  ) 

* B = - A * X 2 1 / Y 2 1 + Y2*  X 2 *  X2 1 /  Y 21
GO TO 3 0  

TO A = X 2
B = -  £ A * X 3 2  / V3 2 ) -r ( 0 . 5  *S  Q / Y 32. >
GO TO 3 0

20  A = ( X 3 + X 2 ) / 2 . 0 -
8 = - C X 2 l / Y 2 1 ) * A + < Y 2 + X 2 * X 2 1 / Y 2 1 )
6 0  7 0 . 3  0

30  C - ( ( X i - A ) * * 2 + C Y 3 — b ) * * 2 ) * * G . 5
X C =-X3 
R E T U R N  
END
S U B R O U T I N E  C I RC I  R ( X 0 ,  Y 0 t X 2 ,  Y 2 »X 3 ,  Y 3 ,  A ,  B , C , X C ) 
I M P L I C I T  R E A L * 8 <A - H , 0 - 1 )
S U = C Y 3 * * 2 - Y 2 * * 2 )  + ( X 3 ‘ * 2 - X 2 * * 2 )



Y 3 2 - Y 3 - Y 2 
Y c C = Y 2 - Y G  
X 3 2 = X3 - X 2 
X Z G = X c - x O
I F  ( X^G • £ »  * u * 0 ) GO TO 10 
I E  ( Y32 • £ 0 »U • u)  GC TO 2 G
A -  ( 10 . 5* S a  / y 3 2) - (  Y 2 -X 2 *Y  20 )/  ( X 3 c / Y 32+Y 20 / X 2 G 7 
B = A * Yc  0 / X 2 G-* Y 2-  X 2 * Y 20 / X 2 C
fcO 70 30 

10 A = X2
B = - a + x 3 2 / Y 32 - *G.5* S G / Y  32 
GO TO 30

cQ A — ( X 3 + X 2 )/. •:» u
8 = A * Y 2G / X < . C + Y2- X 2 * Y 2G / X 2C 

30 C = C ( X 3 - A ) * * t + ( Y 3 “ B)  * * 2) * * G .5
X C = x 3 
RE  T u R N 
E D
S u b r o u t i n e  c i k l i n  ( x c , y c , x 2 , y 2 , x 3 , y 3 , a , b , c , x c )
I M P L I C I T  h' E A L * 5 ( A - H , 0 - 1 )
I F  ( ( Y 2 - Y u ) . E W . 0 . G )  GO TC 10 
A = - ( X 2 - X G )  n Y 2- Y C )
B = Y 2 - x 2 *A
GO TO 20 

1G A = 1 «0 D 5 G
P - Y l  -X 2 * 1 . C 0 S u

G C — 0 • 0
x C = x i  
r e t u r n
E a0

C C N WH  f EL

US DOT, FRA, B Paul, S Singh
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