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User's Manual for Program CONWHEEL
(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: N
i)} The boundary of ‘the interface.contact region
ii) The interface pressure distribution within the contact region.
iii) The state of stress within the critical subsurface region in
the body
CONWHEEL 1is 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 p1astic

. flow or fatigue.

2. The rail and wheel profiles may now be specified either from
engineering drawings (as before); or from a set of tabu]ated 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
pre]iminary 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 useb must prepare.

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

:5. No FORTRAN coding or subroutine preparation 1s,kequired of the user.

6. CONWHEEL 1s 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, 1nput preparat1on, and
solution of sample problems.



1. PROGRAM SPECIFICATIONS

PROGRAM: CONWHEEL (CONformal .MWHEEL-rail contact stress problems)
AUTHORS: B. Paul and S. Singh '
LANGUAGE : FORTRAN IV

MACHINES: Tested on Univac 90/70 (using BG-4 compiler)

PRECISION: - Double precision

STORAGE REQUIREMENTS: 240 K Bytes . e
CAPABILITIES:  CONWHEEL ca]cu]ates‘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. PURPQSE : "

The program CONWHEEL 1is 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 brogram first solves for the normal contact'pressure, and the contact
region, and then it 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 Xys¥7527 and XpsY93Zo be two coordinate
systems with origins O].and Oz‘respective1y Tocated on body 1 and 2.

The bodies are brought in contact such that 0] and 02 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 initial separa-

tion of the two bodies along the z axis is defined by
F(x.y) = z5(%:y) - zq(x,y) ' (3.1)

. v
See Paul and Hashemi [1978-a].
2
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Fig. 1. Two bodies in conformal contact
(a) prior to deformation
(b) virtual penetration
(c) initial candidate contact patch



If the separation given by (3.1) is zero at 0.and positive everywhere e1§e,
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 1nterpenetrati6n 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 first estimate of the contact patch boundary is the fictitious
space curve of intersection which would arise if the bodies were. to -penetrate
each other by the displacement & as shown in Figures 1(b) and 1(c).
The projection of this space curve on the x-y plane is given by setting the
initial separation equal to § in Eq. (3.1); i.e.

F(X,y) =68 : ' (3.2)

The curve defined by eq. (3.2) will be referred to as the interpenetration

curve, and it is determined by subroutine INTPEN.

3;3 Initial Meshwork;

The main section of the program viz. subroutine CONFOM aceepts the
interpenetration curve, as a first estimate of the contact region boundary
and refines it 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 cells, the pressure in cell i
is treated as a constant Pi- The program automatically generateseand'so1yes
a set of n equations for the n values of p,. Then it 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 1imit for two consecutive iterations. 'At this point,

the boundary of the contact patch, and the interface pressure distribution

over it is determined. ‘



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 Tocations to be
examined. For all subsurface points specified, the program will calculate
all six stress components (ax,cy,oz,oxy yz,o =) referred to the global axes
(X,Y»2) defined in Sec. 5.4. In addition the program will ca]cu1ate at such
points the equivalent stress Oeq' The significance of this term is that

the body undergoes permanent (plastic) deformation when fceq reached the

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 ( ,y) specified
) by the user. , | '
-IOPT ='2, the program probes at a particular set of points (X,¥,z) "
- | specified by the user | |
10PT = 3,

; no subsurface stresses are evaluated.

4. DISCRETIZATION OF THE CONTACT PATCH

-When dealing with the initially estimated contact region, or any subsequent
~iteration thereof, the current region is subd1v1ded 1nto a meshwork of
rectangular cells as follows: , , .

1. The X-diameter is d1v1ded into any number (NSEG) of segmentsfca11ed-

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-direction.

The user has the option of chbosing 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:



NSEG = 3
RAT(1) = 0.2, RAT(2)
NX(1) 4 , NX(2)

0.6, RAT(3)
, NX(3)

1)
o
[AS]

1
=

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 néar]y 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. nqt.énough
cells in certain regions) the user can rerun the problem with different

mesh parameters.

The interpenetration curve is taken as the first 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-
nax is less than a certain fraction EP§ﬁ The user may chose -

his own value for EPS or he may accept the default value of EPS = 0.07.

“tive change in y

5. WHEEL AND RAIL GEOMETRY

A “wheel profile" is the curve traced out by the 1ntersect1on of the
wheel surface and any plane through the axis of the wheel. Any point on the wheel
profile can be specified by coordinates x (axial direction )vand Z,, (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 -

'brofi]e"'are x, and z,, relative to axes fixed in the rail as shown in Fig. 4.

r -
'5.1 Data From Engineering Draw1ngs

The standard new rail or wheel profile is a co11ect1on of cont1guous }
straight-1ines and circular arcs (see Figs. 3;and 4). The following Notation -
~is used for the parameters whiCh define the profile of segment number I:

is the largest strip length in the contact patch. For example,

*
ymax ymax

is 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 if he so desires.



FORTRAN name for parameters of . Meaning for

Rai] , . Wheel Circular Arc Straight Line
AR(I) o AW(T) ' x-coord. of center slope -§§

BR(I) - N BW(I)' y-coord. of center 1z intercept

CR(I) O CW(T) . - radius ' - no meaning (Teave blank) -
XCR(I) XCW(I) 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 stould be set to zero (or‘bTank).

" 5.2 Data from Table of Offsets:

When fhe rail and whee] profiles are to be supblied as pairs of (X;z)
:coordinafes (e.g. when»readiﬁgs are made with a profi]bheter) the input
constant NOFF must be set equal toil, and the numbef of points to be described
on.the wheel (NW)-and on the raf])(NR) éﬁe also ‘to bé enferéd (see Card B in
Sec. Z), The FORTRAN names-correspondfng to point I are: | |

‘x-coordinate "z-coordinate

For Wheel: . XOFFW(I) ZOFFU(1)
For Rail: - XOFFR(I) ZOFFR(1). .

These values’ are. entered on Cards F-2 for the ra11 and on cards G-2 for the
whee1 (see Sec. 7). when offsets are spec1f1ed the program automat1ca11y
converts thé'offset data into circular arcs or straight lines between offset
points.

- 5.3 Location of Initial Point of Contact | , 4

Figure 5 shows a whee] and rail in contact (under zero load) at a point C.

The location of po1nt C on the wheel is defined by the &Jcoord1nate x& [ FORTRAN

name -XWC] as shown in Figs. 5 and 3(a). Similarly, the Xy coord1nate of
point C on the railhead is denoted by xr‘[XRC] as showp 1n 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 1nterna11y by the program,

but are not needed directly by the user.

' 8



_ Axis of Wheel

RW w
L . XHC
1 - |

_ < | I

[xcw(1),ZCW(1)

XCW(2),ZCH(2
: | (2).20M(2)] — o - [xeu(1), ZCN(I)]

) '\/[Aw<I§W(13 1) eTXCH(NH-1)
o .
() = 3 ZCW(NW-1)] )
= [AM(4), Bu(a)]
4\{AW(NW-])=slope
BW(NW-1) «2-intercept

[AW(3),BW(3)]

D oH(1)=0.0 ,,_“;ﬂﬂ——’~——~“(j‘"”"'_"! ‘xéj}\\ ,

-_f—__f__i:::sgxi? 17iL I=,I',;XIC”(3;§;?~]~\ij7 3

‘xjcoord;-XICW(l)

; / XICH(T) K
o | = AT, BTH(D)]
- (b) o ’Eg ‘ |

 [ATW(4),BTW(4)]"
[ATH(3),8TH(3)] |

A ATH(NW-1)

- Fig. 3 Standard wheel parameters. Note: wheel axes are xw,yw,zw R whefe
X is parallel *to wheel axis, and the global axes are &,Z,n,
where ¢ 1is normal to the wheel at C and n is parallel to y.



. Fig. 4

'(b)

< 1 XRC
' A-—Xr
XCR(3) 1)
=
| g o
ol

BR(3)]
[AR(4), BR(4)]

x=coord.=XICR(3) @

KRR I
aR(M—~/B . \ | NR®

L [ATR ,BTR()]
(3), BT.r'z(s)’],

-+

[ATR(4),BRT(4)]

'Standard"rail parameters' Note: Ra11 reference axes are XR’yR’ R’
.lwhere Yr is para]]e] to the track direction. The 'global axes are
E,z,n, where ¢ s normal to the rail at C and n -is parallel to Yp-

10



e s RW=18__]

Fig. 5. Rail and wheel position, before deformation under applied load
: : (xw,zw) wheel reference coordinate system

(xR,zR) rail reference coordinate system
(€,2) global coordinate system

11



5.4 Global Coordinates (E,m,2) =(X;V,2)

- Once the initial contact point C has been defined by the user's choice
of xg and xi, it is possible to establish a global (fixed set of orthogonal
coordinate axes (&,n,z) with origin at point C. As shown in Fig. 5, ¢
. points normally outward from the railhead, £ -is tangent to the rail. (and
‘wheel) profile, and n is paralTe] to tHe_rai] axis, such that (£,nsz)
form a right-hdnded system. .Occasionally, the coordinates (g,ﬁ,;) will be
designated as' (X,y,z). At numerous points in the analysis, the program
. will have to transform quantities from g]qba] 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 (Flgs 3(a) and 4(a)
for both whee]s and rails. ' L * o

6. . STRUCTURE OF THE PROGRAM CONWHEEL _

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 réi] coordinates are transformed to the global

. coordinates for the problem, and_ the initial separation function is deter- :
“mined in the"mid-plane", i.e. with y = 0 in Eq. (3.1). Subroutine INTPEN

- determines .the %nterpenetration curve defined in SEc. 3.2.. Then. ‘ f

- subroutine CONFOM is the heart of the program, as_it.governs the iteration

a proceSs on the true contact boundary and the contact pressure distribution.

* Subroutine SUBSIG finds the subsurface stresses. A brief description of all

. subprograms follows: - o '

12



RAILO —— - CONWHEEL —— | INLIN
WHEELO l l—— LINCIR
MIDSEP OFF
WHEEL]1 ————— —— "~ |——m= (CIRCIR
)’ L»
RAIL l CIRLIN
ey
INTPEN YRW
BIF t———— —=  RATL]
i
GRT l-- MIDWEL
CONFOM INSEP |
N GDA [
GR2 —— P WHEEL
PARAB  te— DGELG WHEEL?
!
TRANS1 ———————— SUBSIG -
—1 SUBFLT
TRANS?  jt——
OUTPUT
Figure 6. Struture of CONWHEEL

Arrows run from calliing subnrocram te called subprogram
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CONWHEEL ~ The main program‘contro]s the flow of information to and from
subprograms.

MIDSEP ~ Subroutine to determine the transformed rail-wheel profile
' parameters, and the midplane separation. ‘

RAILO Subroutine to determine z and 3 of the rail profile with
reference to the rail reference coord1nates (xr,zr)
;WHEELO; " Subroutine to:determine the z and gi of the wheel prof11e (at

any point in the x-z plane with reference to the wheel
reference coordinates (x ,z )

W’ w

RAIL Subroutine to find the ¢ component of the rail profile for given &
WHEELl Subroutine to find the c component of the whee]—profi]e for given &
INTPEN . Subroutine to détermine the 1nterpenetrat1on curve for a given

‘r1g1d body approach

~ YRW ,' ~ Subfunction to-determ1ne the n COOrdinate‘ofﬂthe wheel surface
‘for given £ and ¢ - ' ' o

- CONFOM Subroutine to determine the cOntact.patcn boundary, the interface -
S pressure, and the corresponding force and moment components

BIF* - - Subfunction to ftno deA‘when the integrand is singu]an
GDA* “Subfunction to find [G(x;x')dA' |
‘GR1* - 'gubenction to find G(f;ﬁ') fortbooy 1 (Rail)
GRZ* o VSubtonction to find G(x3x') for body 2 (Wheel)
~ INSEP o Subroutlne to find the separation between the two po1nts x] and

Xo along w1th the un1t norma] components at X,

MIDWEL -Subfunct1on to find ¢-component of the wheel for any g in midplane

-

* . .
The symbol G (which appears in the explanation of subroutines BIF, GDA,
GR1 and GR2) is a Green's function that is described in Paul and Hashemi [1981].

14



PARAB Subfunction'to interpo]ate‘or extrapolate between two points

RAILT . Subroutine to find z-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 <z component of any point on wheel surface

WHEELZ Subroutine to find z and gi of the wheel profile at any point

‘with coordinate x in mid-plane with respect to wheel reference
coord1nates (x 22, )

DGELG* Subrout1ne to solve ‘the Tinear a1gebraic'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
TRANST  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 Tocal coordinate -
o ._system to g]oba] coordinate system - ‘

OFF . Subroutine to reduce data of wheel and ra11 from va1ues of offsets,
to parameters of straight Tine or c1rcu1ar arc segments '

LINLIN Subroutine to determine the segment parameters when the profile
o ~ transition- occurs from a straight 1ine to another straight line
- LINCIR. Subroutine to determine the\segment’parameters when the profile

transition occurs from a straight 1ine 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 cons1sts of the following punched cards w1th 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 1n wheel profile (see Fig. 3) if NOFF=0 ;
A or no. of offset va]ues specified for wheel prof11e if
. NOFF=1 ‘
Col. 6-10 [NR] No. of segments in rail profile (see Fig. 4) if NOFF=O;
or no. of offset values specified for rail profile if
o : NOFF=1 |
. Col. 11-15[NOFF] NOFF=0 (or blank) when wheel and rail profile parameters
' o are specified as in Figs. 3 and 4. NOFF=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
T . " parameters. o
_ €ol. 21-25'[ITM] Maximum number of 1terat1ons [=10 by defau]t when «

S Teft blank or set = 0] .
Col. 26-30[I0OPT] Var1ab1e controlling the Tocation at which the sub-

surface stresses are to be calculated
If 10PT=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 opt1on is exerc1sed

" no additional cards are required. .
If I0PT=1, the program calculates the stresses at(x,y)

i']ocat1ons specified by the user, at as many points below
" the surface and up ‘to a depth specified by the user. in
the card group [H1] '

*Integer names begin with letters I,J,K,L,M,N. On input integérs 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. :

16



If I0PT=2, the program calculates the stresses atlx.v.2)
location specified by the user in card group HZ.
If I0PT=3, no subsurface stresses are calculated.

Col. 31- 35 [IBUG] Variable controlling the output. When Teft 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. 41-5¢ [EPS] Relative tolerance for convergence (0.01 by default
if left blank) (See sec. 4)
(C) Approach, Nominal Wheel Radius, elasticity parameters, convergence
tolerance (8F10.0)
Col. 1-10 [DELTA] Displacement (or rigid body approach & )
Col. 11-20 [XWC] X coordinate of initial point of contact on wheel,
in wheel reference coordinate system (see Figs. 3 and 5)

Col. 21-30 [XRC] x coordinate of initial point of contact on rail,
in rail reference coordinate system (see Figs. 4 and 5)
Col. 31-40 [RW] Reference radius of the wheel (see Fig. 3)
Col. 41-50 [ET1] Young's modulus of elasticity for wheel
Col. 51-60 [E2] Young's modulus of elasticity for rail

Col. 61-70 [ANU1] Poisson's ratio for wheel
Col. 71-80 [ANU2] 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)] No. 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.)
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(F.1) Rail Profile Parameter Group (when NOFF=0); See Sec. 5.1:
1st card (8F10.0)

Col.
Col.
Col.
Col.
Col.
Col.
Col.
Col.

. 2nd

Col.

1-10

11-20
21-30
31-40
41-50
51-60
61-70
71-80

[AR(T)]
[BR(1)]
[CR(1)]
[XCR(1)1
[AR(2)]
[BR(2)]
[CR(2)]
[XCR(2)1

card (8F10.0)

1-10

[AR(3)]

ecs s ecseacs s

Two sets of (AR,BR,CR,XCR) are entered per card. Use as many cards as needed.

(F.2) Rail Profile by Offsets (when NOFF=1); see Sec. 5.2
card (8F10.0)

1st

"~ Col.
Col.
Col.

21-30

. 71-80 [ZOFFR(4)]

card (8F10.0)

. 1-10

[XOFFR(5)1

. 71-80 [ZOFFR(8)1 ,
Use as many cards as needed, with eight values per card. Last card

Col

can

1-10 [XOFFR(1)1 X-offset (i.e. x-coordinate) For ﬁoint 1 on rail
11-20 [ZOFFR(1)1 Z-offset (i.e. z-coordinate) For point 1 on rail
[XOFFR(2)1 |
. 31-40 [ZOFFR(2)]

have fewer than eight values.
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(G.1) Wheel Profile Specification (when NOFF=0); see Sec. 5.1:
1st card (8F10.0) (See Fig. 3 for definitions) )
Col. 1-10  [AW(1)]

Col. 11-20 [BH(1)]

Col. 21-30 [CW(1)]

Col. 31-40 [ZCW(1)]
Col. 41-50 [AW(2)]

Col. 51-60 [BW(2)]

Col. 61-70 - [CW(2)]

Col. 71-80 [XCW(2)]
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 NOFF=1); see Sec. 5.2:
‘1st card (8F10.0) _
Col. 1-10  [XOFFW(1)l" X-offset (i.e. x-coordinates) for Point 1 on wheel
Col. 11-20 [ZOFFW(1)]l Z-offset (i.e. z-coordinates) for Point 1 on wheel
Col. 21-30 [XOFFW(2)I1- :
Col. 31-40 [ZOFFW(2)]
Col. 71-80 [ZOFFW(4)]
2nd card (8F10.0)
Col. 1-10  [XOFFW(5)1

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

(H.1) Specification of (X.,y) Location of Depth Probe required with I0PT=1
“Card 1 (110) .
Col. 1-10  INP] 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 [ZFM] The maximum value of the depth to be probed.
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(H.2) Specification of X,y,z Location Card Group [reduired when I0PT=2]
Card 1 (I10) . : L :
Col. 1-10 [NP] No. of points at which the stresses are to be calculated
Card 2 (6F10.0)
Col. 1-10  [XFM] x=coordinate of a point
Col. 11-20 [YFM] y-coordinate of a point
Col. 21-30 [ZFM]  z-coordinate of a point
Col. 31-40 [XFM]  x-coordinate of the next point
Col. 41-50 [YFM]  y-coordinate of the next point
Col. 51-60 [ZFM]  z-coordinate of the next point.

Two sets of XFM,'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 resu]ts(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 if IBUG=1) gives the results
of subroutine MIDSEP and contains: |
o Wheel parameters referred to global coordinates (see section 5.4)
+ Raijl parameters
« The midplane separation,i.e. table of £ and Az .(see Fig. 5)
denoted by XI and DELTA ZETA.
3. The third section (optional; if 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
pressures calculated by subroutine CONFOM and contain;
+ 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,z (XI,ETA,

ZETA) coordinates and p (normal pressure)
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+ The resultant forces in normal (z) and tangential (£) directions
(ZETA-FORCE, XI-FORCE) and moment aboﬁt n direction (ETA-MOMENT)
- The left and right boundary of the contact patch.(XBL,XBR)" |
5. The last section gives results of subsurface stresses
_calculated by subroutine SUBSIG and contaihs:

- (optionaly if IBUG=1) Coordinates of surface points and the

components of applied tractions acting at“these points.
« Location of field points [(X,y>Zz = (£,n.z)] probed

-=,0z=,0==,0-=,0=-c Stresses at the points probed

" ORX 22°%%y°%2°92%

X% 5y

d-at the points probed (see Sec. 3.5).

éamples of computer output are shown in Sec. 9.

« The equivalent stressvce
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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 initial contact takes
place at C, as shown in Fig. 5. Observe that there is a jump in curvature

at the initial point of contact. The wheel and rail are made of steel
with the following elastic properties
E = 30 x 10%psi Modulus of Elasticity
= 0.3 ' Poisson's ratio

9.1 Example 1 ‘

In the first example the rigid body approach assumed is & = 0.0005", and the

full output is requested. The data is as follows:
‘Card (A) Rail and Wheel Contact Stress Analysis - Example 1 CONWHEEL
Card (B) NW=5 NR=7 NOFF=0 NSEG=0 ITM=0

I0PT=0 1IBUG=T EPS=0
Card (C) DELTA=0.0005 XWC=1.719 XRC=1.25 RW=180
E1=30000000.0 E2=30000000.0 ANUT=0.3 ANU2=0.3

Card (D)  Not required as NSEG=0 '
Card (E) Not required as NSEG=0

Card (F1)

AR(1)=14.32809 BR(1)=20.03716 CR(1)= 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)= XCR(7)= 1.500
Card (G1)

AW(1)= 0.0 BW(1)= 0.0 CW(1)= 0.0 XCW(1)=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)= XCW(5)=2.000
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lo—  1,43284 —

prc e ].25———’-

”

(0.0, -12.341) ~(1.049545, =1.329907)

Fig. 7. -Examples of standard wheel and rail

(a) Rail-140 RE .
(b) Metroliner wheel (SIG Schweizerische Industrie-Gesellschaft)
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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 Az
| 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)illustrate the output of subroutine CONFOM, giving the
iteration number, the coordinates (£-n) of the contact region and the table
~ of surface point coordinates (£,n,z) 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 cells, while 9(9) gives the
state of stress at a series of subsurface points along the depth (-z) axis,
at g=0, n=0.

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

9.2 Example 2 v , _
! 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 i]]ustrates_the'input data deck, and Figures 11(a through d)
illustrate the results as before.
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LECuN
EXAMPLE #_Te RAIL WHEEL CONTACT STRESS AMALYSIS C(CONWHEEL)
5 i 4] 0 0 1 0.0

0 .
0.0u05 T.7216 1.25 18.0 30000000. 30000000. 0.3
14.32509 20.93?6 0.0 -1.43286 -1.05874 -o.saab12 ? 375
-G. 612 -T271464 1.25 -0.7 0.0 -10. 6.0
(el 0.0 0.0 0.0 : 0.0 -12.341 12.341
1.049545 -1.329907 1.28 1.719 1521301 -0.561109 0378
~2.714505 5.662134 (G0 .0 : ~

Fig. 8. Illustrating input data deck for example 1 with approach & = 0.0005
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Part 3 of output giving the extremities of the interpenetration curve and the_.

(£,n) coordinate of the interpenetration curve

Part 9(c).
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Fig. 9(f). Part 6 of output giving the cell layout and surface

tractions for the full contact patch
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Part 7 of output giving the six components of the stress tensor and the value of the

equivalent stress at various locations below the surface of the body

Fig. 9(g).
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CCNwREEL
I=mnkl+1 .
& IF (CwilIldeeBaUa0) GO TG 1€
IFETA=Y Tw(I)H4DSQRT(CW (T I %42 (XT=-ATW(TI)) xx¢)
G 10 0
1d 2ETA=ATw<I)*x1+BTW(I)
U RETURN
Exb
c SUBKUUTINE INTPEN
(mmrmm et mc e re e e e d et e et c ce et m e m— e — - ———————
g PhGCGRAM INTERPESN
& .
C PURPOSE aeoase
¢ .
¢ TO FIwnD THE INTERPENETRATION CURVE FOR RAIL AND WHEEL CONTACT
E STRESS ANALYSIS
¢ METHOD cvene
¢ SEE "RAIL AND WwHEEL GEOMETRY ASSOCIATED «ITH CONTACT STREESS
E ANALYSIS"™ 8Y Be PAUL AND Je. HASHEMI
< STAKDAKD SUSPRUGRAMS aevee
€ SUSROUTINE KAIL (Xq2R)
% SUBFUNCTION YRW(X¢2wW)
(- INPL{T VAKIABLE S Sesaos -
¢ fild NUMBER COF SEGMENTS. IN WHEEL PROFILE
€ MR NUMBER CGF SEGMENTS IN RAIL PROFILE
C Xl X-CUORD o OF WHEEL INITIAL CONTACT POINT
C Z2uC E~CCORD o« GF WHEEL INITIAL CONTACT POINT
¢ AwgbBiweCu COOKDSs AND RAGUIS OF WHEEL ARC CENTEKS
E Xl X=-COORD « OF WHEEL SEGMENT END POINT
¢
% IN?UT ARRA(\\}E“FNIS....
£ CAFD ID FORMAT VAR] ABL ES
C A (2CGAWY TITLE
€ & (0F 1¢.() AkosBlwy Cl
¢ E (¢F1ca i) XCuW
%_-_-______._ _____________________________________________________________
IMPLICIT REAL*E (A-H0=2)
DIMENSION x(CcQ0),Y(200)
DIMENSION 221601 )
DIMENSION hxXuz(106)X30(C10)
COMMON/PROEDT/ATITLE(CG) 4 RATCTIO) ,¥B(20) yNYCZ0) ¢NXCTU) o NuyNRyNSEG
COMMON/RAILUTZATRCYFI 4 BTIR(IGI LR (TG e X 1CREGG) 4 NRT
COMMON/RATLUL/AR(YY) 4BRIGG) ,XCR(S9)
CGMNON[WHEEOT/ATW(?Q).BT&(QQ),C“(99).XIC&(99);NHT
COMVOVIwHE&GSIZCH(??)
COMMONFNHEE DG/ Xw( o ZWCy TETAWeRW XRC4DELTAXBL(XBRyEPS L ITM  NX3,TRBUG
COMPMPON/SCDY T/E ToANUT NNRyNNK
¢
CeaeaoINPUT DATA
Nl =xiw-1
NRT =NR-1
€
(eweeeFID LEFT z&uALLY SPACED INTERVALS
H=0DASSCABL) /uXB
1=%
X{LY=XEL
XX = X&EL
€
CaseaceFIndD ZETA OF RAIL
50 CALL RAIL (XX ZR) '
Zw=DELTA+ZK
€
CameeoFIND ETA OF INTEKPENETRATION CURVE
YCIXSYRWOREA ¢4W)
J=1 +1
K0 I=XCI2+H
AL =X(J 3
1=y
¢ IF (DAESC(XA) G TWaiiea1D=12) GU T3 %0
Coevee s FIND RIGHT EQUALLY SPACED INTERVALS
H=ABR/NXE
GO OIF (XXeLPoABRK)Y GO TO S5
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CCNYHEEL
€

Coeooe o PRINT THE INPFUT DATA. FOR ChHELK OUT
WHITE(RNW e TY) T TMNCyMYUPT,MYMI, MYFA IBUG,IOPT
thTE(Nf\W,L‘EC) ET;A&U1,EE,ANU?
WRITE(Nwye 2U) NSEG, XBL ¢ XEK
WRITE(NNW,c2F)
hRITE(NNw,cZA) (NX(I)y,1=1,SEG)
BRITc(NNwee ZU)
WRITE(NNW.ZZa) (RAT(Y) y1=T4NSFG)
WRITE(NNwec 31) D4EPS
1T=¢
5 k=t
ABEK=ABL :
BE=XBR-XBL
DC 20 1T ¢NSEGS
. NLTI=NXCTD .
CoveeerInD THE: X-hIDTH OF CELLS IN COLUMN X _ : .
HX X =88 =kAT(1) ZNXI -
X (KI=hXX ]
CXKBUK)Y=SABKAHXAS Cw
XBK=x8 (K}
IF (tiX1eLTeZ) GG TO 1¢
0 15 J=cyohi X1 :
K=K +1 .
i HX CK)Y=HXX
< .
- leeeaoflnD THE X-CCGOKRDINATE OF CELLS IN ROW K
XBUK)=XBK+HX(K
CKEK=XB(K) '
15 CONTINUE
Ta ABR=XB(K)+hX(K) /i«
K=K +1
20 CONTINUE N .
- IF (IT.EQ«U GO TO 32
CeesaefFIND B8Y INTERPULATION THE YECI) FOR XB(I)
c DO 2% 1I=1.MX
CoeeaelOCATE SURKOUNDING POINTS 1 AND 2 FOR LINEAR INTERPOLATION
LO 2T d=T.®X%. '
IF (XB(I)eLEXBNCI)) GG TO 22
¢ CONTINUE . . _
¢ .
CeoeeoFOk POINTS MEAR THE RIGHT SOUND«+BUT QUTSIDE THE CLD ONE
AT=XENI(MX) .
YT =YBN(MX)
Y®)=vEm (M)
XZ=XBER
Y2=0.0 .
Y®E =U.0
.60 TU 26
céd 1F (JetGel) GO TU £3
1F (I1.ER.1) GO TO ¢5%
IF (I.tGe¥X) GG TO 24
¢ ,
C.....F?R P?IATS B4R Y FROM LEFT OF RIGHT BOUND.
J1=4d-
AT=XgN(J1)
Y1=YenN(JT)
Y#1=ygm(J1)
Ac=XEN(JI)
YZ2=YENLS)
Y#g=yar{d)
C 606G TO 2¢é .
{eeee o« FOR POINTS NEER THE LEF, BUT OUTSIDE THE OLD BOUND.
25 X1=XsL )
Y1=0.0
Y®»1 =0 «U
Ad=xaN(1)
YESYENA(T)
YMe =Yam(1)
) 0 TG 24
CeeweeofGK POLINTS MEAR RIGHT BOUNDERY BUT INSIDE THE OLD ONME
cé J1=J-1 '
XT=xeN(JT)
YT=YEN(JT)
Ymi=xge(41)

51
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% CALCULATE THE COEFFICIENT E(I1,d) AND F(I,1) GIVEN BY EG.
2 52

CONWHEEL
X2 =XBN(J)
ye¢=0.0
YME TUaU
IF (KPR «LTex<) GU IO 26
YZ=Yeh(J)
Yz =YEMC(I)
¢ G TO ¢4
\
(..:g.f?EJPglNTS Ak THE LEFT BOUNDARY BUT INSIDE ThHE OLD ONE
2y Jt=J- - :
Xt=XeN(JT)
YT 26_-0
XZ2=x880d)
Y2=van(J)
Y#e=YEM(J)
IF (XBL.GTX1) GC TOQ <&
Y1=yvenN(J1)
YEI=YEmM(J1)
£ »
‘Leeee s INTERPULATE HSETWEEN 1 AND ¢ TO FIND YB(I)FOR GIVEN XB(I)
cé xXx=xg(I) ' ;
) YEUPUIISYFURNOXN T, YMTg X2 YM2 e XXX
‘9 CONTIWUE :
B0 21T L=1,.8x
N YEK (L) ZYEMM (L)
€
c..;g.?E%Im TC RELD OR WKl Te THE VALUES FOR WY (I)
JL’ :'
N0
De 55 x-1.ﬁx
YIn=0a0 _
{ - . ‘
Conve o CHECK THE WCGa OF POINTS ALONG THE Y=-AXIS OPTION MYUPT
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Y32=Y3-Y¢
YeG=Ye~-YG
X32=x3-x2
¥cG=re=xG
IF (K‘G.E\'.U.()) GU f(/ 10
A= ((CaS*Su/r32)=(Y2=X2*Y20 /XU (X3c/Y32+4Y204%x20)
CEI SR PA S PRI R LD PR IWLIVE P4
GO 1o 30
10 A= Xxe
H==A*X32/Y22+(a5%*SGsY L2
GO 10 3G
c0 A=(x3+X2) /740
G=AxY U/lXxeCxYe=XxexY2h#XxeC
30 C=(UXS=A)swct (YEI-B)sx ) xx(.5
XC=X3
RETURN
EinD
SUBROUTINE CIRLIN (XCyYUgXR2eYeX33Y3,A4bB4C4XC)
TMPLICIT @ERL*S(A-H.O-Z)
A=-.§Xr._-lﬁ)l(Y2-YC)
BE=Yc-XZ*A
60U T0 2G
10 A=T1.0050
CEAPED VAN BN UL
¢l C=0.C
xX{C=x3
ReTURN
Ex0O
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