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I. INTRODUCTION

Background

The forces and homents due to shear stresses in the contact
area between wheel and rail play a major role in rail vehicle dynamics.
These shear stresses arise, in part, due to relative Tinear and angular
motions (lateral, longitudinal, and spin creepage) between the wheel
and rail. Hobb§ [1] presehts a review of the ana]yfica] and expérimenta]
work concerned with the creep force/creepage phenomenon.

For many problems in rail vehicle dynamics a linear creep force/
creepage ré]atfonship has been used. Typical of these are eigenvalue/
eigenvector analyses of lateral stability, lateral forced response
studies, and estimation of slip and f]dnge contact boundaries for steady
‘state CUrvfng. It is widely recognized that the best available linear
creep law is that due to Kalker [2] and called the "Tinearized theory"
(see equations (12) and (13) of [2]). Recently, however, more and
more questions are being asked of rail vehicle dynamicists that require
more sophisticated models of the wheel/rail 1nteﬁaction pfocess.

Factors that should be considered in these models are: (1) the non-
Tinear wheel/rail geometric constraint functions arising from curved

or worn wheel and rail profiles; and, (2) the effects of adhesion
1imits on the creep force/creepage relationship (i.e. a nonlinear creep

Taw).

[1] A.E.W. Hobbs, "A-Survey of Creep", DYN/52, April 1967, British Rail-
ways Research Dept., Derby, England. )

[2] J.J. Kalker, "Simplified Theory of Rolling Contact," Delft.
Progr. Rep., Series C: Mechanical and Aeronautical Engineering
and Shipbuilding, 1 (1973), pp. 1-10.



Attempts have been made to formulate a nonlinear creep law.
Johnson's theory [3,4] has been confirmed by laboratory experiments
but does not account fer spin creepage*. Unfortunately, the effects
of spin creepage are expected to predominate for contact areas in the
wheel flange region - precisely the situation where a nonlinear creep
law is needed. The Levi-Chartet creep law [5,6] used by some researchers
is empirically based and does not account for spin creepage.

Professor Kalker of Delft University has formulated two nonlinear
creep laws that incorporate the effects of spin creepage and that have
been found to compare well with results of laboratory experiments.

These two creep laws are generally referred to as the "Simplified

theory of rolling contact" [2] and the "exact solution for rolling

contact" [7]. The differences in the solutions presented in [2] and

[7] lie in two simplifying assumptions made in [2] concerning the tangential
displacement-stress relations and the normal stress distribution on the
contact surface. These assumptions shorten the computation time

required by a factor of approximately 100.

* Spin creepage is the nondimensional relative angular velocity
between wheel and rail in the contact zone.

[3] K.L. Johnson, "Adhesion", Proc. Inst. Mech. Engrs., Vol. 178,
part 3E (1964), pp. 208, 209.

[4] P.J. Vermeulen and K.L. Johnson, "Contact of Nonspherical Elastic
Bodies Transmitting Tangential Forces," J. Appl. Mechanics, Vol. 31
(1964), pp. 338-340.

[5] R. Levi, "Le roulement avec glissement", Compt. rend. Acad.
Science 199, 1934, pp. 119-120.

[6] A. Chartet, "Proprietes generales des contacts de roulement.
Theorie des similitudes." Compt. rend. Acad. Science 225, 1947,
pp. 986-988.

[7] J.J. Kalker, "On the Ro11ing Contact Between Two Elastic Bodies in
the Presence of Dry Friction," Ph.D. Thesis, Delft University of
Technology (1967).




A portion of the work being conducted under contract DOT-OS—40018,
Freight Car Dynamics, deals with developing models for the lateral
dynamic response of North American freight cars during curve entry
and negotiation. These models will be used to predict vehicle response
and wheel/rail forces during hard curving where severe flange contact is
anticipated. Consequently, it is expected that creep forces may approach
the 1fmits of adhesion and a nonlinear creep law will be required for
accurate modeling.

The object of the work reported in this Users' Manual was to éonvert
the Algol program developed by Professor Kalker for the "Simplified
theory of rolling contact" to Fortran and to check the resulting
program by direct comparison with the results ca]éu]ated by the ofiginal
Algol program and with available experimental results. It is énticipated
that a Fortran version of this computer program will prove quite valuable
to rail vehicle dynamics researchers in the United States where mOSt’
scientific programs are written in Fortran.

To further aid in the use of Kalker's theory by rail vehicle dynamics
researchers, a subroutine called FPRCES was developed based on the
"Simplified theory of rolling contact". This subroutine can be included
within Fortran programs that are used to obtain the lateral dynamic res-
ponse of rail vehicles. This subroutine together with the program for
the complete solution of the "Simplified theory of rolling contact" are

discussed in this manual.

Summary of Users' Manual

It is intended that Kalker's original paper [2] be read concurrently
with this manual. References to equations in [2] are made directly by

equation number both in the present text and in the computer code.



The problem analysed in [2] and considered in the computer code
is for steady rolling contact of two elastic odies of eqUa] 1ineaf]y
elastic material properties and having both longitudinal and 1afera]
creepage and spin about an axis horma) to the contact surface. The
appropriate geometry is given in Figure 1 of [2].

| WApproximate solutions to fhree special problems of steady state \
rolling contact are presented in [2]. The first case is that of infinite-
simal slip in which the area of slip is vanjshing]y small and the
resultant tangential creep forces and torsional moment are linearly
related to the creepage and spin parameters. This is Kalker's
"Linearized theory" widely used by rail vehicle dynamics researchers.
It is presented on.page 4; equ&tioné (11) to (13) .0of [2]. The seconé
solution, "Steady;state rolling with pure creepage", %s presentedlbn
page 5, equations (15) to (21) and considers finite slip with a
resu]ting nonlinear relationship between the resultant creep force and
the creepage. THe present computer code fs'for the third solution, N
"Combined creepage and spin: a numerical methdd", in which finite :
slip is assumed and the resultant creep forces and‘moment are nonlinearly
related to the creepage and spin parameters.

The problem may be stated as follows. Given two bodies of equai
elastic properties and known dimensions, normal force, rolling velocity,
creepage and spin, determine the resultant creep forces tangent to the
contact surface and the resultant moment about a normal to the contact
surface. The region of slip within the contact surface is also deter-

mined. In the actual solution, the static Hertzian contact problem is



first solved (see [7] page 55, or [8] page (414) to determine the dimensions
of the contact ellipse, a and b. The resu]tang creep forces and moment,

FX, F., and MZ are then determined knowing the parameters a, b, N, G,

y
Vs Ms Vya Vi and ¢ where:
1‘«;'5

FX = Jongitudinal creep force (in the direction of rolling)
Fy = lateral creep force |
MZ = spin creep moment about normal to contact surface
a = semi-axis of contact ellipse in Tongitudinal direction
b = semi-axis of contact ellipse in lateral diréction
N = resultant normal load on the contact region
G = shear modulus
v = Poisson's ratio
Vys Vy = longitudinal and lateral creepage
¢ = spin creepage

This i1s the same problem considered in t7] and referred to as the "exact"
solution. The only differences in the solutions presented in [2] and [7]
1ie in two-simplifying assumptions concerning the tangential displacement -
stress relations and the normal stress distribution on the contact
surface. These two assumptions considerably reduce the complexities in
obtaining a numerical solution and shorten the computation time by
approximately a factor of 100.

‘The first assumption regarding the tangential displacement-stress

relation is common to all three solutions developed in [2]. This is:

1
n

U(Xs.Y) SXX - S)(TXZ equat‘ion (9)3 [2]

vix,y) = SyY = -SyTyz

[8] S.P. Timoshenko and J.N. Goodier, Theory of Elasticity, 3rd Ed.,
McGraw-Hi11 Book Company (1970).




where u(x,y) and v(x,y) are the tangential displacements in the

longitudinal and lateral directions and sz and Tyz are the shear

stresses. The "exact" relationships for the tangential displacements

as given in [7] are 4
M M-m mn
u(x,y) = ¢ & a . X y
m=0 n=0 *
equation (2.2), [7]
M M-m
v(x,y) = I ) bmnxmyn
m=0 h=0

The two elastic constants Sx and Sy of [2] are determined explicitly
in terms of the elastic properties G and v, the contact ellipse
dimensions a and b and the creepage and spin coefficients Cij (see
equations (13) and (41) - (47) of [2]. It is important to note that S, and
Sy have different values if forces are to be compUted than they have
when the moment is to be determined.
The method of determination of the constants ann and bmn in [7]
is much more complicated than that used to determine SX and Sy in [2]
and is the significant difference in the solutions.
The simplified theory also may.be used to investigate the effects

of a very thin elastic layer covering the bodies and having a tangential |

displacement-stress relation as given by equation (45) of [2].

- L. 1, _.and

u X XZ3

p = K

v -L

[}
where LX and L

LyY yTyZ,

y are the inverse stiffnesses of the layer. The combined

effective stiffnesses of the wheel-rail with an elastic layer are -given by

equations (46) and (47) of [2]. These are, for moments



Sx

It

8b/(15C55G) + Ly and,
1/2

s = ma32)(ap

v C,3G) + Ly

and in the calculations of forces

S

X 83/(3C116) + LX and

S

y 8&/(3C22G) + Ly.

If no Tayer is present one then takes LX = Ly = 0.
The effect of changes in LX and Ly on the resulting solution

has not been investigated; however, some observations should be noted.

First, the layer is éssumed to be so thin that its presence does not
influence the determination of the contact ellipse dimensions or the
pressure distribution. That is, a and b are still computed from '
the static Hertz solution in terms of G, v and N. The effect of a
finite thickness work-hardened layer could not then be accounted for

by including LX and L Further, it seems to the writers that if the

v’
effect of a contaminated rail is desired, it is more directly accounted
for by an appropriate change in the coefficient of friction than in
a layer as defined by equation (45). The utility of modifying the
elastic properties by adding Lx and Ly is not clear to the writers
at this time.

The additional simplification made in the combined creepage and
spin solution of [2] s that the normal stress distribution over the
contact region is assumed to be of the form given by (14.11I) father

than the Hertz stress distribution of (14.I). It should be noted that the



‘Hertzian distribution is used to determine the contact region dimensions
a and b. Equation (14.III) is chosen so as to have bounded derivatives
at the edge of the contact region and to still be similar to the Hertzian
distribution over most of the contabt area. The functions A(y) and

B(y) in (14.1II) are

Aly) = 0.5 (1-(y/b)2) "%(1-(0.9)2)™* and
B(y) = -0.5 (1-(y/b)2)*(1-(0.9)2)%

Numerous changés'were made in the computer code in order to make
the program more convenient to use. The Algol version was, however,
fundamentally correct and numerous checks were made to insure that the
Fortran and Algol codes gave the same results. The use of the Fortran
code is considered in the next sections. The complete solution is

discussed first, followed by the subroutine, "SUBRPUTINE F@RCES".



IT. DESCRIPTION OF COMPUTER CODE FOR COMPLETE SOLUTION

. A. PURPOSE

Tﬁis program and associated subroutines compute the Tlateral and
longitudinal creep forces and the spin creep moment acting between two
elastic bodies in steédy state rolling éontact. The bodies are of
equal Tinearly elastic material properties and have longitudinal and
lateral creepage and spin creepage about an axis normal to thé contact
region. Kalker's theory of simplified rolling contact [2] is the basis

of the program.

B. PROGRAM DESCRIPTION

1) Usage: The program consists of a main program and tﬁree;sub-
routines. | |
The main program, MAIN, coordinates the input and outputs
" the results. Subroutine MAAKZ computes the normal stress as
~given by equation (14.III). Subroutine RPL is the solution
portion of the program and determines the region of slip
or adhesion within the contact zone. _Subroutine CONST
.determines the linear creepage and spin coefficients, Cij’
and the normalized modulus GS by 1iﬁear énd quadratic inter-
poTation from Kalker's table [7].

2) Subroutines Required:

SUBRGUTINE MAAKZ (P, Q, NZ; Dz, D2Z, A, B, MUZ) determines the
assumed normal stress as given by equation (14.111);
SUBROUTINE R@L (CS, GEL, MUZ, NX, NY, X, Y, VX, VY, G, FX, FY, MZ)

determines the region of s1ip or adhesion and computes the



3)
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tangential stresses and relative velocity at points within

"the contact zone. The resultant creep forces and moment are

also computed. Uses subroutine MAAKZ.

SUBRPUTINE C@NST (A, B, NU, C11, C22, C23, C33, GS) determines
the Tinear creepage and spin coefficients, C11, c22z, €23, and
€33 and the normalized modulus, GS, by linear and quédratic
interpotatﬁon from Kalker's table, [7j. These values are

used in MAIN to determine thé normalized stiffness SXN and

SYN and the spin. constant HC.

Description of7Input'Parameters:

NV1 NV1 is an integer denoting the number of complete
problems to be solved. Input.

A,B " A =a/c, B'=b/c, where a and b are the actual
contact dimensions determined from the static Hertz
solution and ¢ = Yab s the normalized unit of
length. a is the longitudinal and b is the lateral
‘semi-axis-of the contact ellipse. Input.

NU NU = v = Poisson's ratio. Input.

LXN, LYN. LXN = LXpN/c“, LYN = LypN/c“. Inverse stiffnesses
of an elastic layer covering the bodies. N = resultant
‘normal force and 1/p = 1/& (1/R] + 1/R] + 1/R3 + 1/R;)
with RT, R, RZ, R, being the principal radii of -
curvature of the two elastic bodies. See equation (45).
For no layer, take LXN = LYN = 0. Input.

NX, NY Lattice points in the normalized contact region with
X = (I)(A)/NX, Y = (J)(B)/NY and -NX < I < NX,
-NY < J <NY. Accuracy increases with increasing
values of NX, NY. Maximum values NX, NY = 40.
Typical values: '



DM

NF

NS

NV2

UXN, UYN

PHN

11

A/B = 10.0, NX = 30, NY = 10,
A/B = 0.1, NX = 10, NY = 30,
A/B = 1.0, NX = NY = 20. Input,

DM is an incremental step in the computation.
Accuracy increases with decreasing values of DM.
Typical value, DM = 0.02A. Input.

If the resultant forces are desired, take NF = 1.
For the resultant moment take NF = 2. The appro-

" priate values of SXN, SYN and HC will then be:

computed. Input.

To print all output including stresses and displace-
ments on the contact region take NS = 1. To suppress
all output except the resultant forces or moment
take NS = 2. Input.

NV2 1is the integral number of sets of UXN, UYN,
PHN to be considered. Input. '

UXN = pr/uc, UYN = vyp/uc where Vg Vy are the
longitudinal and lateral creepages, u = coefficient

of friction. See equation (6). Input.

PHN = ¢p/u where ¢ is the spin creepage. See
equation (6). Input.

Input Format:

A sample deck set up is listed in Appendix A of

this manual. The program requires contact region dimensions,

elastic properties, wheel/rail creepages and program control

information. The following format is for NV1 = 1. If NV1 > 1,
there would be NV1 sets of the group of cards after the first

card.
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Card
Number , Input Data
1 NVl = Integer. Program solves NV1 complete problems,
Typical card: 1
2 A, B, NU, LXN, LYN
Typical card: 2.5980 0.3849 0.28 0.250 0.125
3 NX, NY, DM, NF, NS
Typical card: 30 10 0.04 1 2
4 ‘NV2 = Integer. Program solves NV2 problems for different

values of creepage and spin given on NV2 cards starting with 5.
Typical card: 1

5 to NV2 UXN, UYN, PHN _
Typical card: 0.0 2.0 0.4

Note: The input‘is free format with a space needed between each
input parameter.- -
w3

5) Description of Other Parameters in Program:

€11, €22 Longitudinal, Tateral, Tateral/spin, and spin

€23, C33
creepage coefficients, respectively; tabulated
in [7].
GS : GS = Gc3/pN where G = shear modulus. GS may also

be computed from GS = 3(1-v) E/(4n/§_) where E =
complete elliptic integral of fhe second kind,

see [7] page 58, and g = axial ratio of the contact
ellipse = min (a/b, b/a). GS is determined within

the computer program in terms of A, B and NU.



MU

SXN, SYN

Qutput:
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MU = 1 = coefficient of friction. Al1 variables are

normalized so that u does not explicitly appear.

SXN = S pN/c*, SYN = SypN/c“. Inverse stiffnesses

of the elastic bodies. See equations (9), (43), (44),
and (47) for the form of Sy Sy to be used to
determine the resultant forces and equations (42)

and (46) for the appropriate form to determine the
resultant moment.

For forces let

SXNT = 8A/(3C;1GS), SYN1 = 8A/(3C,,GS)

and
HCT1 = 32 vB/A C,3/(3mCs5), then
SXN = SXN1 + LXN
SYN = SYNT + LYN
HC = (SYNT + LYN)/(SYN1/HC1 + LYN).

For moments,

SXN = 8B/(15C;365) + LYN,
SYN = nA/(4/B7A Cp36S) + LN, and
HC = 1.0

The Cij are the Tinear creepage and spin coefficients,
[7]. SXN, SYN, HC and the C3 are determined

within the program in terms of A, B, NU, LXN and

LYN.

NV2 sub-cases of NV1 cases are calculated. For each

of the NV1 cases, the input parameters A, B, NU, LXN, LYN,

NX, NY, DM, NF, and NS are printed. The linear creepage
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coefficients, calculated within the program,xareva1sb printed
out as aré the normalized shear modulus, GS, and normalized
inverse stiffness, SXN and SYN. For each of the NV1 cases,
“ there will be NV2 sets of output corresponding to the NV2
sets of normalized creepages and spin, UXN, UYN, and PHN.
For each of the NV2 cases, the inputs'UXN, UYN, and PHN are
printed out together wifh the computed values of the normalized
Tongitudinal and lateral creep forces, FXN and FYN, or the
computed value of the spin creep moment, MZIN (depending on
whether NF =1 or NF = 2). If NS = 2, the output is as
described above. If NS = 1, the normalized coofdinate points
X, Y over the contact region and the values of the stresses
(TX, TY, TZH, TZK) and s1ip components (VX, VY) are given at
each point. ‘

The Fortran names used in the program output are the
following: “

UXN, UYN, Repeated program input variables.

PHN ,

FXN, FYN  FXN = F,/uN, FYN = F /uN. Normalized resultant
Tongitudinal and lateral forces. Computed.

MZN MZN = Mzc/uN. Normalized resultant moment.
Computed.
X, ¥ X=x/c, Y=y/c. -A<X<A, -B<Y<B.

Normalized coordinates where x and y are
Tongitudinal and lateral distances from the
" center of. the contact ellipse.




15

X, TY Normalized shear stresses.
= - 3 - 3
X, TY Ty,C /oN, TyZC /oN,
VTXZ ¥+ TYZ < TZK for no slip,
YTXZ + TYZ = TIK for slip.

TZH TZH = 3/(2x) v1- (X/A)2 - (Y/B)Z = Normalized
Hertzian stress on the contact region. Given

for reference only. See equation (14.1).

TZK TZK is the assumed normal stress distribution
over the contact region, see equation (14.1II).
TZK = (F)(A) A](Y)(1-(X/A)2-(Y/B)2),X30.9L(Y)
TZK = (F)(A) (VT-(X/A)YZ-(Y/B)Z + Bl(Y)),XfO.9L(Y)
(Y) = A YT-(Y/B)Z
AT(Y) = 0.5 (1-(Y/B)2)"V/2(1-(0.9)2)"1/2
(Y)

0.5(1-(¥/B)2)/2(1-(0.9)2) /2

and (
normal force

_,.1
A
-
e
g
I
o

.656773, such that the resultant
1.0.

VX, VY Normalized relative s1ip components. VX, VY =
vxp/(Vuc), Vyp/(VuC) where V is the rolling

velocity and v, and v, are the Tongitudinal

y
and lateral components of the relative slip

velocity.

7) Summary of User Requirements and Recommendations

A11 input data is on cards in free format as shown. As A
and B are normalized, the product of A and B must be unity.
LXN and LYN are taken as zero if no elastic layer is to be
considered. Maximum values for NX and NY are 40. Accuracy
increases with increasing values of NX and NY. Typical

values are:
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A/B = 10.0 NX = 30, NY = 10
A/B = 1.0 NX = NY = 20
A/B = 0.1 NX = 10, NY = 30

DM is an incremental step size in the computation. Accuracy
is improved with smaller sizes of DM. A typical value is

DM = 0.2*%A.

C. TEST PROBLEM

The following test problem is given to demonstrate the program.
The calculation were performed on an IBM-370/3165-11 computer.

A =2.598, B =0.3849, NU = 0.28, LXN =0, LYN =10

NX = 10,.NY =10, DM = 0.04, NF = 1, NS =1

UXN = 0, UYN = -1.4, PHN = 0.8

D. PROGRAM LISTINGS WITH EXAMPLE INPUT AND OUTPUT 4
A Tisting of the program for the sample problem with input

and output is given in Appendix B.
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III. DESCRIPTION OF COMPUTER CODE FOR SUBROUTINE FORCES

The subroutine FPRCES is a version of the complete code discussed in
Chapter II that has been converted to subroutine form. Al1 the WRITE
statements have been deleted as has the ca]cu]ation of the pure spin
creep moment. In almost all cases of interest to rail vehicle dynamicists,
the pure spin creep moment contributions from the two wheels comprising
the wheelset are much smaller than the yaw moment- about the wheelset center
of gravity due to the longitudinal creep forces. Thus, this calculation
was deleted in the interests of computational time savings.

The subroutine and its argument 1ist are:

SUBR@AUTINE FQRCE§ (A, B, NU, UXN, UYN, PHN, NX, NY, DM, FXN, FYN)

The input parameters are: A, B, NU, UXN, UYN, PHN, NX, NY and DM
and are as defined in Chapter II. The outputs are FXN and FYN and
are as defined in Chapter II. Stresses and slip values over the contact
region are’not returned. A1l discussion of users' requirements and
other program descriptive matefia] is as outlined for the complete
code in Chapter II. |

The purpose of F@ARCES is to compute lateral and longitudinal
creep forces acting between two elastic bodies in steady rolling contact.
The bodies have relative longitudinal and lateral creepage as well
as spin creepage about an axis normal to the contact region.

FORCES may be used as a subroutine within 6ther Fortran programs
developed for calculating the 1étera1 dynamic respoﬁse of rail vehicles.

It addresses only one wheel and must be ca]Ted for each wheel separately.
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The input parameters must be evaluated for each wheel/rail contact
condition considered and the outputs FXN and FYN are appropriate
obviously for only those input parameters.

A 1isting and a sample test problem using SUBRPUTINE F@RCES is

given in Appendix B.



N el N N Nl ol ol N N N o N N S ol S N 2 a2k N sk a ks
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S,

CATA

CARC #4

CATA CARLC #5

MAIN . 25

THEN SXN1=€#B/{ 15%C33%GS), SYNL=PI*A/(4*SQRT(B/A)0CCCCS550
*C23*GS)y ANC SXA=SXNL4LXN, SYN=SYNL+LYN, HC=1.C 0CCCC6CC

SEE EQUATICNS (42),(43),(46), ANC (47). 00CCCe1C
NS (TC PRIMNY QUTPUFT ON THE CONTACT REGION,NS=1, 00CCCC62C
TGO SUPPRESS ALL CQUTPUT EXCEPT THE RESULTANT 000C0630
FCRCES OR FCOMENT, TAKE NS=2), INTEGER 0CCCCO4C
NCTE: FXN=FX/IMU*N) , FYN=FY/{MUT\), 00C00650
NIN=MZ*C/ (MUAN) - 0CCCC66C
' 000C0670

NV2Z L - 0CCCC6EC
CCTVEICAL Chalt 00CCC6SC
‘ 0CCC070C
SCLVES NV2 PROBLEMS FCR DISTINCT VALUES OF . 00CCC71C
CREEPAGE AND SPIN GIVEN CN NV2 CARDS S5), INTEGER 00000720
00CCCT2C

UXNoyUYNyPHM 09000740
TYPICAL CARLC: 0.C 2.0 C.4 0CCCCT5¢C
: 00CCCT6C

UXN AND UYN ARE NORMALIZEC CREEPAGES, PHN 0cCcCcr1C
IS THE NORMALIZEC SPIN), REAL _ CCCCCTEC
UXN=UX*RHGC/ (MUXC)y UYN=UY*RHO/ (MU2C), 030€0790
FHA=PH*RHO /MU O0CCCCECC
00000810

6cccces2ce

NCTE: ALL VARIABLES HAVE BEEN NCRMALIZEC SUCH oocccezg

Koo e
#%#%% THAT THE CCEFFICIENT CF FRICTICN, MU, DCES NCT  0CCCG840
*xxsk EXPLICITLY APPEAR. 0CCCC85C0
' 0CCCC860
occcceic
COMMON A,B 030C08E0
CATA XoY9ZoZHeVX9VY,C/6561%Ca0,6561%Ca0,6561%0.0,6561%C.C,6561%0.006CCCEST
$06561%C. CoE1C*C.C/ : 0CCCC9CC
PI=3.1415S 0CCCCI10
GR=PI/18C.C 06CCCS20
REAC{ 1,*)NV1 00000930
DO S9S I11=1.AV1 CCCCC94C
"WRITE(3,S€E) 00000950
1040 REAC(1,*%,END=5959)2,8,NUsLXNsLYN 0CCCC960
[F(A/B.LT.C.1) GC TC 998 0CC€C09170
. 0CCCC9I80
gceoccsse
SUBROUTINE CCNST COMPUTES THE LINEAR CREEPAGE ANCOGG01000
SPIN CGEFFICIENTS, AND THE NCRMALIZELC MCDULUS 0CCC101C
FRCV KALKER®S TABLES AND ASYMFTCTIC EXPANSICNS. 000€1020
VALID FOR 2/8 EQUAL TO CR GREATER THAN 0.1 . 0cCC103c
THESE VALUES ARE USED BELCW TO CCNPUTE THE 00001040
INVERSE STIFFNESSES SXN AND SYN. occc1esc
0CCC106C
‘ 0CCC1070
CALL CCNST{A,B,AU,C11,C22,C22,C33,65) 0CCC1CEC
READ{1,%,END=9SSS)  NXoNY+OM,NF4NS 00001090
IFINS.EC.1) GC TC 1C21 0CCC11CC
MX=3%NX 030C1110
MY=3#%NY 6cecc112¢
LY=3%NY 6cecC1130
60 TG 1022 00CC1140
1021 MX=1 - 0CCC11%0
MY=1 - 0C0C1160



1022

1u25

o217

1074 ﬁ

1075

- 1076

L1078

1090

1091
1092

L260

Ly=1

MUZ=3.C/(2.C*P1)
IF{NF.EQ.2) GC TC 1C25
SXN=8.0%2/(3.C*C11%CS)+LXN
SYN1I=E.0*A/(3.C#C22*GS)
SYN=SYNL+LYN
HC1=32.0*SCRT{(B/A)*C23/(3. 0*PI*C27)
FC={SYNL+LYND}/(SYNL/ECL+4LYN]

GO TC 1027
SXN=8.0%B/(1%

FC=1.0
GEL{5)=DV¥

WRITE(3,5€S) .
WRITE(3,STCIA,ByNU,LXNSLYN
PRITE(34ST2INXHNYCFyNF NS ]
WRITE(35G73)C11,C22¢C23,C334GS3SXNySYN
GEL{1)=SXN

CEL(2)=SYN

GEL({3)=A

- GEL (4 )=B

=-AX-1
I+1

-NY~-1

Cy=del
IF(J<GT-AYIGC TC 1074

«03C332CS) +L XN
SYN=PI*A/(4.C*SCRT(E/AY*C232CS)+L YN

{I.GT.MXIGC TC 1G78

o —— ety .

5
\'.

SRR R T e v S e

26

00CC1170
CCCC118C
000C1150
0CCC12CC
00001210
0CCC1220
0ccC123c
0C0C1240
00CC1250
~000C1260

\occcxzzc'“

00001280

00C01300
0C¢CC131C
0cCcCl320
00CcC133¢C
0CGCC1340
00cCccC135¢C
0CcCcC13éc
000c¢1370
0CGCCl3EC
30001390
cccclsace
00CC141C
00CC142C
0CCC143¢C

P‘l.—FLOAT(I#I)/FLOAT(NX)IFLCAT(NX)—FLOAT(J*J)IFLCAT(AY)/FLOAT(NY)OCGCIQQC

IF{P.GT.C.C) GC TC 1CT6

. GO TC 1075 ,
ZHUI+MX+1,J+NY+]1)=NMU2*SCRT(F)
P=FLOAT(I)*A/FLCAT(AX)
C=FLOAT(J)*E/FLCATINY)

CALL MAAKZ(PosCoW24sC2+D2Z4A4E, NUZ)
Z(I*NX*I:J*NY*I) W2

GO TC 10iE

CUNTIAUE

REAC(1,%)AV2 -

WRITE(3,574) AV2

CO 997 112=1,MV2
REAC{L,%,END=SSSSIUXN,LYN, PHN
WRITE(3,575)UXN,UYN,PHN

PHNN=KC®PHN

CS{11=UXN

CSI2)=UYN

CS(3)=PHNN ,
CALL RCLACS +GEL 4MUZ oMXsNY y X9 Yo VX o VY Gy FXFY,NZ)
IFINF.EQ.2) GC TC 1CS1

RES=SCRT (FX*FX+FY$FY)
WRITE(3,STT)FX,FY,RES

GG TC 10S2

KRITE(3,S7€)M2Z

IF(NS.EC.2) GC TC 1530

WRITE(3,5CC4)

J=NY
J=J-LY

IF{JLTo~NY#1)GC TC 1345
G=FLCAT(J)*B/FLCAT(NY)

-0CCC145¢C

00CQ146¢C
gcccis4ic
00001480
cCCcCl4SC
0ccc1500
Q0CcC151¢0
gccclsao
gCCcC1530
agccC154¢
00001550
0CCC156C
03001570
0CCC1S€EC
0CcCC1590
0ccc160C
occcleic
eCcCCle2C
00CC1630
0CCC1640
0€CC165C
0J30016€0
0CCCl67C
00001680
00Cc16SC
gccclcc
0CCC1l71C
occc172¢
00GC1730
0CCC174C



MAIN

IFIG{J+NY+1,41)elTL0.C) WRITE(3,9007)C
IF(G(J+NY+1,1).GE.CeC) WRITE{2,900E)¢C

.C.DOUR:

1340

GO TO 12¢C

1345 CCNTINUE

1350

1400

IF(MY.GT. Z*NY)GC 1C 153¢

J=NY

J=J-MY '

IF(J LT 1-NY)GC TC 1‘20

T C=FLCAT(JI®B/FLCATUNY)-

WRITE(3,5CC5)

WRITE(3,5006iC

WRITEL3,G6C(CS)

==~NX-MX

I=T+MX

IF{I.CTNX)GC TC 151¢

IF{ZCTENX41, J+NY#1)olT 1 E-8XMUZICO T
P=FLOAT(I)*A/FLCATI(NX)
FIXI=Z(14AX41lsJ+DY41)

FIXE=ZH{ I+NX+1,J4NY+1)
TX=X{I4NX+1,J+AY+1)
TY=Y{IeNX+]1,J+AY+1)
UX=VX{I+NX+1l,J4NY+]1)
UY=VY(I+4NX#]l,J+NY+1)
FIX2=SQRT{TX*TX+TY%*TY)

ARG=1.0

ARC=ARG*ATANITY/ (2BSITX)+1.E-8))/CR+C
FIX3= ARG

ARG=1

IF(UX.LT-O 0) ARG=-1.C
ARG=ARG*ATAN{UY/ (ABS{UX)+1. E‘B))/GR*Q
FIX4= SQRT(UX*bX*LY*LY)

- FIX5=ARG

WRITE(3,5C1C)P, FIX6,FIX1,FIX2'FIX 2F1

C VERCER:

1510
1515
15290

GO TO 14CC
GO TC 135¢C
WRITE(3,5001)

C NEXT:

1539
9917

998
999
9999
968

969
970

972

$ A=Al/ClL,
$911Xy *B=*5 1PE11.4,1CX,*( Al,B1 ARE AC

$%9/7+28X4"LAYER STIFFNESSES

CONTINUE

CONTINUE

GO TO 996

KRITE{(3,579)

CONTINUE

WRITE(3,9998)

sTOP

FORMAT(®*1"9///,T€3, "PROGRAM WITA-SRT?

CF MECH. EN
FORMATU/ /77 +58X %22k INPUT PARAMETE
FORMAT(1€EX,*NCRMALIZED CONTACT DIMENS
B=81/Cl, WHERE C1=SCRT (Al*p

$ 30X, *PCISSON S RATIO

LXN="*
§ BXs'LYN="9 1PE11l.4,/)

FORMATL 26X,*NUMERICAL CONSTANTS

27

0GCC175C
00001760
0CCC177C
00001780
0CCC179C
00CC180C
00CC1810
occcleac
000C1830
00CC184C
00001850
00€0186C
0CCC187¢
0CCC1880
00CC185C
00C€C1900
0CCC191C
00001920
06CC1530
00CC1940
0C0C195C
0CCC19¢€0
000C1970
00CC1980
00001950
occc2ccc
020002010
€CCc2020
0CCC2030
00CC2040
- 0CGC2050
06CC2060
0CCC2070
000C2080
6CCC20SC
00062100
0CcCC211¢
00CC2120
1 0006C2130
0CCC214C
00CC2150
0CCC2160
00002170
0CCC21€C
00002190
occc22¢c
0occz21c¢
+7+T53,'SIMPLIFIED THECRY CF 00002220

0 151¢

0.C¥{1.C~-ARC)

0.C*{1.0-ARG)

X44FIX5

SROLLING CCNTACT® 5/ 4T€44'BY Jodo KALKER? 4/ ,T56,*MCCIFIED AT CLEMSONOCCC223C
$ UNIVERSITY*,/,T61,°'0DEPT.

GR4"y/9T664+"CLEMSON, SC*y//) 00002240
RS #3%%27,//) 0GCC2250
ICAS A="y1PE11.4+10X,*{000022¢€0
13¢%9 /932Xy *(CARD #2)°* gcccz27c
TUAL CCNTACT CIMENSICONS®*,//, 0CCC2280
NU=%,1PELl1.44/533X,*(CARD #2)0GCC22SC

+1FE11.44/4+33%,*(CARD #2)*, 00CC2300
gQcc2310
NX=¢,13,/+31X, *{CARD #3)*, 000C2320



974

975

9717

978
979

9001
9004

9395
9006
9007
90u8
9009

9010
9998

MAIN

$S1LXo*NY=",313,7/951X,%0M=1, 1PELLaby/+51Xs

$'NF=7,13,10X, *(NF=1,FORCES CCMPUTED; NF=2,MCMENTS COMPUTED)',
$/451X,
$INS=7,13,10X," (NS=1,
$1/17)

FORMAT(47X, *4*%%% PARAMETERS COMPUTEC ANC USEC IN FRCGRAM #%##%?
$4//, 15X, CREEPACE AND SPIN COEFFICIENTS Cl1="41PELL. 44/
$50X9C22=7 9 1PELLo4y/95CXs ' C23="4 LPEL1o4 ¢/ 950X,°C33=",1PELLo4,//,
$21X, *NORMALTZEC SHEAR MODULUS GS=* ¢ 1PELL.44//+15%5 —
$NORMALIZED INVERSE STIFFNESSES SXN=7yIPELL.4+/,50X,*SYN=",
$IPELL.4y //1777)

FORMAT (42X, *#%%% Nv2=

FULL OUTPUT ;

1,124

NS=2 CNLY FCRCES CR MOMENTS)',/

28

0CCC2330
0CCC234¢0
0iCC235¢
010023¢0
accca3ie
03002380
gccczasc
gcccz2400

—-10CCC241C
000CZ420

0G6CCL243C

CISTINCT PRCBLEMS FCLLCW FCR CIFFERENOCCC244C

ST dkkkk? ./, 45X, " #%%%% VALUES CF NCRMALIZEC CREEPAGE AND SPIN #*%x%¥%00002450

$',/7)

FORMAT{//+17X,*NCRMALIZED CREEPAGE AND SFIN
$23X,* {INPUT CN CARC #5)°,
$ 99Xy "UYN="41PEL1L.44/+S5CXs*PEA=*4 1PEL1La%,4//)
FORMAT{ 24X,°NCRNMALIZED FORCES ARE FXN=1,1PEL11.419/+25Xy
$Y{COMPUTED) 511Xy "FYN=24lPEL1Lob+/ /24X '"RESULTANT FGRCE
SRES=13 1P E11e49/s24Xy " {RES=SCRT(F XN X:2+FYN#%2))¢,//)

FCRMAT( 25X,*NCRFALIZEDC MCMENY IS MIN=*,1PELlla4y/,
$30Xe "{COMPUTED)*9//)

FCRMAT(// 58Xy ¥%%8%% A/B LESS THAN Q0.1 *%¥kkt,/,
$58X,y " H¥R4% HORK NEXT PROBLEM #*%kk%k%xt, //)

FORMAT(1Kl)

FORMAT(/ /53X %24%%3% CCATACT REGICN FOLLCWS *%x%%e,/,
$10Xs "X ANC Y ARE NGRMALIXED CCORDINATES, X IN THE ROLLING®+/,
$10X,*DIRECTICNy X,Y=X1/Cly¥Y1/Cl WHERE X1,Y1 ARE CIV. CGORD.',/,
$10Xs *TIN=HERTZ STRESS =3/(2%#PI)*SCRT(P)y FCR REFERENCE GNLY',/,
$10X,* 1ZK=KALKER MCRKFAL STRESS AS ASSUMEL IN THE PRCGRAM',/,
$10X s 'TZK=F*AXAL{V) %P, FCR XaGE.O.S*¥L(Y)*y/,
$10Xo* TZK=F2 A% (SCRT(P)+BL(Y} ), FOR X.LE.C.S*¥L(Y)*,/,

UXMN="31lPELLle4y/

0CCC24¢€0
00CQ2470
0CCC24EC
0cCc{c2490
00cC250C
0ccczsio
0CCC2520
0CccCCz53C
0CCC2540
gccccassC
J0CC2560
0ccca2s51c¢
03¢C02580
0CCC25s¢
occczecce
0CCC261C
0ccc2620
0cccae3c
0CCCz64C

$10Xs *WHERE P=1.0-X2X/{A%A)-Y*Y/{B*B), L{Y)=A%SQRT{1. 0—Y*YI(B*E))';030026‘0

$/+10X'ALLY)=Ce5/SCRT{(1.0-Y3Y/(B%B) )% {1.0-(C.9)#*2))}*,/,

0CCC2¢6¢€C

$10Xy"BLl{Y)=—C25/A1(Y), F*XA=0.656773,SUCE THEAT RES NCRMAL FORCE=1'01002670
$+/7+10X,°TX AND TY ARE NORMALIZED SKHEAR STRESSES'¢/+10X,* TX=-TAUXZ*00CC2680C

$C**3/(RHC*N)y TY=—TALYZAC*%3/{(RHO*N) "4/ »
$10X, *ABS{TX,TY) LESS THAN T2K FOR NO SLIF,

000C2690

EQUAL TC TZK FCR SLIP',00CC27CC

$/+10X4*VX,VY ARE NGRPALIZED SLIP COMPONENTS, VX=VX1/V#RHC/ (MU#C) *,00CC2710

WHERE VX1,VX2=REL. VEL.

1017171

$7+10Xs"VY=VYL/V#RHG/ (MURC) o
$,*ADJACENT PCINTS AN V=ROLLING VEL.
FORMAT (1K )

FORMAT( 1X,**¥5%% y=9,1Fl1.4)

FORMAT (10X "AT Y=y 1F11e4s5X,*THE LEADING ECGE SLIFS?)
FORMATULOX 9 AT Y=*,1F11.4+5%, *THE LEADINC EDGE STICKS?)

FORMAT( TX o' X" gGXy STZH® 99Xy *TZK® y5Xo *ABSITX,TY) 51Xy " ARGITX,TY)?,

$ 1Xe*ABSHVXVY)?,1Xy *ARGIVX,VY) *)
FORMAT{(1CF11l.4)

FORMAT(////16F+ INPUT EXHAUSTECL///)

END

BETWEEN®,/,10X0CCC272C

00CCz73C
000C274C
0ccca27s5¢
00002769
gccgaric
01002780
occczrsc

.accoz800

0ccc281¢

.0cccesac




OO0

10

12
11

FAAK2

SUBRGUTINE MAAKZ(P.CosWZ,DZ,C2Z4A+B,MUZ)

MAAKZ CCOFMPUTES TEHE NCRMAL STRESS AS GIVEN BY EQUATICK 14.111
AW=L (Y) GCGF EQ. 14,111 ’ :
WZI=TZK=ASSUMED NCEFMAL STRESS CF ECe. l4.111

CZ= FIRST CER. CF TZK WITH ERESPECTY TC X

REAL MUZ

AL=C.S

| S=SORT(1s0-AL*AL)

AW=A*SQRT(1.C~Q*C/B/EYF
PI=3.141552¢€53¢ _
F=MUZ*PI/2.C/A7(ATANIAL/S)+{2.0/3.0-AL+AL*AL*AL/3.C)/S)
IF{P.LE.AL%AN) CGC TC 10

W2=F&« (AW*AW-P2P)/2.C/AW/S

DZ=F*P/A¥/S '

D2Z=F/AN/S

GG 7C 11

WZ=F*SQRT{AW*AUW—P*P )-F/2.0%AK*S
IF(ABS(A¥).EQ.ABS(P)) GC TC 12
CZ=F*P/SCRT{AW*ARK-P1P)

60 10 11

DZ=1.0

RETURN

END

29

00CC2830
0CCC2840
00002850
occczeec
0gaczsvo
occczasesc
040028940
00CC290¢C
gcCCzs10
0CCC2920
000C2913¢
00002940
gcccassc
030029¢€0
0CCC29170
occc2sea
000C€295¢C
0CCC3000
0CCC3014
occciacac
03€C3030
0CC(3C4C
00003050



380

401

15

10

290

20

100

410

RCL

SUBROUTINE ROL{CSsGEL MUZ JNXeNYs X oY VX VY oG oFXFYokZ)
REAL MUZ,MZ,K,NU

INTEGER PIJL

REAL LE(81)

INTEGER E(E1)

COMMCN A,B

CIMENSION X{81,81),Y{81,+81),VX(81,81),VY{81,81),
$ G(8l,10),CS(3),GEL(E)

UX=CS{1)

Uy=Cs(2)

PH=CS(3)

DM=GEL(5)

SX=GEL(1)

SY=GEL{2)

A=GEL{(3)

8=GEL(4) .

H=A/FLOAT(NX)

K=8/FLCATINY)

PI=3.141€G92¢€53¢

CIP=MUZ%*2.0/A/A

J=—NY

J=J+1

IF{J.GT.NY-1)GC TC 1CC
LELJ#NY+1)=A*SORT(1.C-FLOAT{J*J) /FLOATINY)/FLCAT{NY))
P=LE(J+NY+1)

E(JENY+1)=0.G5*%P/F

I=-NX-1 '

I=i+1

IF(I1.GTAX)IGC TC 2CC

!F(I.LT.-E(J+NY+1) CR.1.GT. E(J*NY+1))GB IC 15
GO TC 10

VY(l&hX+1'J+NYf1)=C.;

VX(I+NX+1,J¢NY#41)=0.C

Y(I+NX+1l ,J+AY#1)=C.C

XUT+NX+19,J4NY41)=C.C

. GO TC 401

CONT INUE

£C 20 I=1,1C

G(JNY+1,I)==-3,C*A

GO TC 38¢

CONTINUE

THV=-1 00

IF(UX-PH*B.GF.CeC) THV=1.0
THV=THV*ATAN{UY/(ABS{UX—PH*E)#1.E-08))+P1/2.0%¥(1.C-THV)

=-NY

J=J+1

IF(J.GT.NY=1)GC TC 3C0
G=J*K

P=LE{J+NY+])

PG="P

CUX=UX-PH*C

pLIL=2

CUY=UY+PH*P

CALL MAAKZ(P:Cth:ClvCZP'A'EQMUll
XG=0.C

YG=0.0

XV=0.0

30

03003060
gccc301C
000c3080
occc3gsc
occc3100
0c¢cc3alto
00003120

0aco313¢

0CCC314C
03003150
0CCC3160
000031170
0CCC31&C
00CC31s0
0ccc32c¢
0cccazic
0gcc3z22¢

0CCC3230

00003240
0ccc32s5¢
00003260
0ccc3217¢
0cccaz8¢

00GC32940.

0CCC33C0
0C0C3310

0CCC3320 -

00003330
0CCC3340
00003350
0CCC336C
0ccC337¢0
0Gcc3380
0C0C3350
occc3400
0CCC3410
00003420
0CCC343C
00003440

0CCC3A45C.
03003460

00CC3470
0CCC348C
00CC34SC
00CC3500

0CCC3510.

0ccce3s20
00003530
0CCL354C
00003550
0CCC35¢0
0¢cCC351¢C
00GCC3580
0GCC2590
00 CC36GC
0¢cCo361cC
0ace3620
0CCC363¢C




X
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YV=0.C 0CCC364C
Vv=0.C 00003650
I=E(J4NY +1) 006CC3660
GUJeANY+l,411=1.C GCCC361C
IF(CZ*¥CZ-CUX*CUX/SX/SX~CUY*CLY/S5Y/SY.GT.C.C) GO TC 1C01 0C8cCC36840

c SLIP AT THE LEADING EDGE. DETERMINE THETA. 060C36S0
GlJ4NY+1,1)=—1.C 00CC3700
T=—~1.C .0CCC3710
IF{CUX.GE.0.0) T=1.C 030003720
T=T*ATANICUY/(ABS(CLUX)+1.E- CB))*P!/Z.O*(I-O-T) 0CCC373C

C BEPTY 00003740
1002 S=SIN{T) gcCcC375¢C
C=CCS(T) 006CC376C
NU=(CUX*S—CUY#L-CZ%{SX-SY)#C*S)/ (CUX¥C+CLUY*S—CZ*(SX-SY)* (C*C~S¥S))000C3IT70
T=T-NU 0occc3vec
IF(ABSI{NU).GT.1.E-C2) GC YO 040C03790

THV=T occcasecc
C=C0S(T) 03003810
S=SINI(T) . 0gccasao

c THE STARTING VALUE CF T HAS EBEEN FCUND. THE 0C0CC3820
c CERIVATIVE IS CETERMINED IN A SPECIAL HAY. : 00CC3840
TP={PH*CH+CZP¥(SX-SYI*C*S)/ (CUX*C +CUY*S~-CZ¥{(3.0*C*C-1.0)*(SX-SY) 000C385C

$§ -SX)) 06CCc386C

C NEXTGL 0CcCcCc3eTrc
1003 D=-DM _ 000038890
IF(P-CM.LELI*H+1.E-C6}) C=1%*E-P 0CcCC3gsc
PN=P+L 0006C3900

CALL MAAK2(PNyC+2ZNyCZ,CZP,A9ByMUZ) 0ccC(391c
TN=T+D*TP 0CccC3920
S=SIN(TN) 06CC32920
C=CCS(TN) 0€CC3940
CUY=UY+PE*PN 0G0CC3950
TPN={CUX*S-CUY*C~CZ2(*S*{SX-SY})/IN/ (SYRCRC4+SX&SHS) 0CCC3a%6C
T=T+0.5%D*(TP+TPN) 030€3970
S=SIN(T) ~ 0CCC3SEC
C=C0S(T) 006039%0
XN=ZN*C 0CcCCc4cCO0
YN=ZN*S 0CCC4C1C
V=CUX%*SY*C+CUY*SX#S~CZ#SX*SY 00cc4020
IF(V.GE.—%.E-05) GC TC 1004 0CCC4030
AN=VV/(VYV-V) 00CC4040
fF{ABSI{VV)LTe1.E-1C) AN=0.S 0CCC40%0
Vv=0.0 00004060
AV=1.0-AN gccCc4CiC
G{J#NY+1 ,PIJL)I=AV*P+AN*PN 00004080
PG=G{J#NY+1,PIJL) 0CCC40SC
PIJL=PTIJL+] 0cccC41CC

P=PG 0ccc4l110
IF(PIJL.CT.10}PIJL=1C 0gcc4120
XV=AVEXV +AN#XN 00004130

XG=XV 0CCC4140
YV=AV3YV+AN®YN 00004150

YG=YV 00CC41€C

GG TC 1l0cCe 0CCC4170

1004 CONTINUE 00CcC4l8¢C
C SLIP IN THE NEW PCINMNT 00CC4190
XV=XN 00CC4200

YV=YN accCca21C



C SuilvPp
1LJ95

C ADH
1491

C AUHE
1006

1008

L0007
300

RCL
P=PN

TP={CUX*S—CUYRC—-CZ¥*(*S*k(SX—SY) I/ IN/{ SY*CHC+SXk5%S)
IF(P.GT.I*K+1.E-C€) CC TC 1CC3
X{I+NX+19J4AY#1)=XN
YOI+NX+]l 4 J4AY+1)=YA
XP=—2IN%*S*TP-CZ*(
YP=IN*C*TP-C2%S
VXCI4NX+) 3 JENY+#1)=CLX+SXEXP
VYUI#AX+1,J¥NY+1)=CLY+SY*YP
vv=V

Is1-1

IF(I.LT.-E(J#NY+1)) CGC TC 1CC7
GO TC 10C3

T=-1.0
IF(CUXeGTaC.C) T=1.C

THV‘T*ATAN((UV+PF*P)I(ABS(CLX)+1 E~-08))+PI*¥(1.0-T)/2.0

RE

PN=1%*}

XN=CUX®{PG-PN}/SX¥XC

YN={UY+0 . 5¥PH*{PG+PN))I*(PG-FN)/SY+YG
CALL MAAKZ(PNsGoeZNyCZ29CZ2PA,EMUZ) ‘
V=IN-SQRT{XNEXN+YNEYD)
IF{V.GE.{-4.E-05)*MLZ)GO TO 1028
AN=VV/{(V\N~-V)

IFLABSIVV) .LT.1l.E-1C) AN=0.€
Av=1.C-AN

P=AV*P+ANXPN

GULJHNY+1,PIUL)=F

v=0.C

PIJL=PIJL¢]

XV=AVEXVH+ANTXN

YV=AVEYV+ANRYN

IF(PIJL.GTL1C) PIJL=10

T=-1.0 .

IF{XVeGELQ.C) T=1.0

CUY=UY+PH%P

T=T*ATAN(YV/{(ABS{XV)1]l. E 08))+Pl1 /2. 0*(1 c-T1)
C=CCSH{T) ‘
S=SIN(T) .

CALL VMAAKZ{(P,C4ZNyC2,C2ZP4A,E,NUL)

CO TO 1005 .

VV=V

XCI+NX+1l,J4NY+]1)=XN

XV=XN

YOI+NX+1l,J¢NY+]1)=YN

YV=YN

VY(I+NX+1,J4NY#1)=C.C
VX{I4NX+]1,J+NYV#41)=C.C

I=1-1

P=PN

IF{I.CE.-E(J#AY41)) GG TGO 1CC6

GO T0 47C

CCNTINUE

THE ARRAYS ARE FILLEC. THE INTEGRALS ARE
CETERNMINED

T=4.0%K/3.C
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0CCC4220
0CCC4230
0CCC4240
0CCC4250
0CCC426C
00CC427C
00004280
0CCC42SC
02004300
00CC4210
00004320
0CCC4330
0CCC4340
00CC435C
00CC43EC
00004370
0CCC43EC
00004390
0CCC44CC
02004410
0CCC442C
000C442C
00CC4440
0CCC445C
0CCC4460
0CCC4470
00004480
CCCC44SC
00C04500
0CCC451C
90004520
0CCC4530
000C454¢
06CC4550
00CC4560
0CCC4ST0
0CCC45EC
060C4550
0CCC46CC
0CCC4610
0CCC462C
000C463C
0CCC464C
00CC4650
00004660
0CCC461C
0CC04680
000C46S0
00CC4TCC
0CCC471C
00CC472C
0CC04730
0CCC4T4C
03004750
0CCC4T6C
00CC4770
06CC4780
0CCC47SC

g v

A




949

554

400

RCL

TN=2.,C*K

FX=0.0

FY=0.C

MZ=C.C

YN=2 ,C*H

J=—NY

J=J+1

IF(J.GTLAY-1)GC TC 4CO

I=E(J4NY+1)

PIJL=1

P=(LE(J+NY+]1)-I*E)/2.0-E/3.C

YP=J¥K
C=PE{XUINX+]1 3 J+AYH1I+XINX+1-1,J#AY+ 1))
S=P*{Y(I#NX+LyJ+AY+1)+Y INX+]1-T,J +NY+1)})
D=P%I*H*{(Y{I+NX+1,J+NY+1)-Y (NX+1-1,J¢NY+1)])
P=2.0%E/2.C

I=-PLJL-1

I=1+1

IF [1.GT.PIJLIGL TC 550

C=C+PAXLI#NX41,J#0Y+])

D=D+P*I*hxY{I4NX41,J4NY+1)
S=S+P*Y{ I4+NX+1,J+NAY41)"
P=YN-F

GC TC SCC

FX=FX+4T*%(C

FY=FY+T%S
MZ=MZ+T*(C-YP*()
T=TN-T

GO TG 94¢C

CONTINUE

RETURN

END
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00CC48CC
00CC4810

0€Cc482C

00004830
00CC484C
0CCC485¢C
00CC486C
0CCC487C
0cCcC4880
0CCC48SC
000C4S00
0CCL491C
33064920
0CCC493C
00CC494C
0GCC49%C
0CC(49¢€C
0C6CC49170
0CCC4SEC
000€4990
0CccCC5GCC
03005010
gcccsoac
0gcCCc5¢C3¢C
0CCC5040
0CCC505¢C
0GCC5G6C
gcccsoic
0400050890
0CCC5CsSC
09005100
occcsilce



oaoe

PR AD R AN PADD AR NP DN

CCANEST
SUBROUTINE CCAST(A,B,NU,C11,C22,C23,C33,GS)

DIMENSION AL{5) +BE(5),D(15) 4E(15,20) yAR{20),CNT(5),01(15,9),

$02(154+9),C3015),C4(1%)

- 34

gcccsi2o
00ccs5130
0GCCS140

*¥x¥kx% DATA E(IL,J) GIVES LIMNEAR CREEPAGE ANC SPIN COEFFICIENTS**%*00CCS5150
*kxk*ANC GS FRCM KALKER REPCRT TABLE 1 *&kkiokkdkkdks bdkdokokkkk

*&%k¥ VALIC FCR A/E GREATER THAN CR EQUAL TO 0.1

‘REAL AU
CATA C1l/
2451,
8‘281
2459,
10-27’
2.68,
2.96,
2078'
2-32'
2.88,
1.93,
2.98,
l1.€8,
3.09G,
1.50,
30 19’
1.37,
2,29, 4.01,
1.274 1427,
CATA C2/
3.40, 4.12,
1.19, 1.1€,
- 3e5Ly 4.22,

3.21,
Ll.7,
3.37,
Setby
3e44y
3.72
3.53,
24717,
3062’
2022,
3.72’
laE€E,
3.811
1.6Cy
3.51
1.‘42’

4o €Sy 2451y
C.7€61C, 5752, C.3835,
40Ely 2459y 2.€3, 2,66,
C.E56CEy Ga4206y Ca28C4,
4.8Cy 2.68y 2.15, 2481,
C.477Ss 0.3584, 0.2350,
4,82, 2.78y 2.£8, 2.68,
C.4343, 0.3257, C.2172,
4.82y 2.88y 3.Cly 3.14,
C.4CESy Ce3066¢ Ca2044,
4.91’ 2.98' 3.14' 3.31”
Ce3%34, C0.2950, C.19¢€7,
4,57y 3.09, 3.28, 3.48,
C.3840, 0.2880, 01920,
£e05y 241Gy 3441y 3.€5,
C.37€654 C.2839, C.1892,
5.12' 2.29' 3.54" 3.821
C.3758, C.2818, C.1879/

0.483,
O.€C7,
00720!

0.8217,

loc3’
1.13,

1.23,

5¢2Cy 2.40y 3.679 3.58, 133,
Ce375Cy C.2812, C.1875,
5.30’ 3-51' 3.81"4.16'
1.11, 1.C€, C.37%58, 0.2818, C.1879,
34659 4436y $e42y 2.655 3.SSs 4.39,
‘le0%s 0eSS4, C.23785, 0.283S, 0. 1892,
3,820 4054y 558y 2.82y 4eZly 46Ty lo76,
0.965, C.852, C.384Cy C.288Cy 041920,
4,069 4<7€9 5,80y 4406y 450y 5.04, 2.01,
0892y Ce751ly Co2524,y 0.295Cy 0.1967,
4,379 Se1Cy €ally 4037y 4o4GCy 5569 2435,
0.819y Cu650, C.4CESy Co30€€Ey 04,2044,
4.848, 5.579 657y 4.84y 5.48, 631, 2.88,
0.747y €549, Co.43432, Ce32%7, 0.2172,
5457y 6434y Te34y 5457y 6.4Cy 7.51, 3.7S,
0,674y Coli4€y 06775y 0.35€4, 0.2390,
6.?6' 7.78’ ﬁ.82' 6'96" 8.14’ 9.79' 5072'
04601, 0.341y C.56CEy) Co420€, 0.2804/
DATA C3/
$ 107y 11.7y 126,
$ 0,562y 0.228, 0.7617C,
DATA Ca4/
$ 11.08,
$ 0.78%,

l.44,

1.5¢,

DD DDDDDD DDA NN D

10-70 12-8 1)
C.5752,

16.0y 12.2,
0.2835 /

12001'

«582,

13.1C,
C.2CEy D.791E,

11.084 13.38y 16.9C,

2529 2539 0.334,y 0473, Ce731,

642,

C.603, 0,809, 3.46,

C.715, 0.889,
C.823,

C.92S,

l.14,
1025'

le36,

1.47,
159,
1.75,
1.55,
2.23,
2.62,
3.24,
4.32,

€.63,

14.6’

13.72,
0.5%38 0.3959/

1.2G,

lcﬁc!

.1051'

1.63,
177,
1.54,
2.18,
2.50,
2.56,
3.70,
S.0Ly

7.89'

1&.0'

1634,

C.S717,y

1.C7,

2.49,
2.02y

1074'

CeS3Cy 1.03, 1.18s 1.56,

1.43,
1.34,

1.27,

I.Zi'
1.16,
l.10,
1.05,
1.01,
0.958,
0.912,
0.868,

0.828'
0.795'

2C. 2T,y

DATA AR / Gel 404250033004+ 04%90.690oT90e€9yCeSs1eCr1.111111,
$1025910428%7151.666€€792e092¢593433333345.C410.04911.0/

DO & I=1,1¢

CO & J=1,9
E{1,J0=D1{1,J)
E(L1,J¢G)=D2(1,4)
Etl,1S)=C3(1I)

000C5160
0CCc(517¢C
030005180
0CCCsl1sSC
ggccs2cc
0CCC521¢0
00C05220
0G¢cC523¢
00CCS24C
01005250
0cccs26¢C
00005270
0GCcCcS28cC
004005290
0ccces3cce
0ccce3lc
00c¢C5320
00C€C5330
00CC5340
00CCE35¢C
000053€0
GCCCs3ic
03005380
0CCceC5394¢
00CC540C
0CCCs410
0CcccCt42C
0C¢CC5430
0C0CCS44C
0000545¢
0CC(546C
00005470
0cCCs480
03005490
0CCCS55CC
0CCC5510
0CcCccess2¢e
0C00C5530
0C0CCs540
00CCs5%0
00005569
0CCcCs51C
000Cs580
0CcCc(C55%C
00005600
0CCCsS61C
0g6cCs62C
000C5630
0CCCE64C
0CCCs565¢C
0COCS566C
00005670
0CCC56€C
00005650



14

15

29
25

34

40

84

E(1,20)=04(1)
PI=3.14156

RGC=A/E

IF(RG.GT.AR{20)}) GC TG 14

GQ TC 15
SG=B/A

GAM=ALCG{16.C/(5G*SC))
Cl1=2.0%PI/(SG*{CAM-2.0%NU) J3{1.0+(
C22={1{ 1.6137C€ )*#(1.C-NU))I/(2.0*NU+CAM*({]1.0~NU)})
C22=2.0%PI#(1.0+C22)/(SG%{2.,C¥NU+GCAM*{1.C-NU)))
C23=2.C*FI/({SCRY(SC)*SC%3 .CI*{( 1.0-NU) #CAN-2.0+4.(*NL))

1.6137C6 }/{CAN-2.C%NU) )

35

0000570¢C
acces71c
0000&720
0CcCC573¢
0CCC5740
0C0C575¢C
0CCC57¢6C
0€ccos77C
0COCS7€C
0CCC57S0
gcccsacce

C33=P1/4 0¥ {GANH{1.C0-2.0NU)-2.0+ €. 0*NU) /{CANE({ 1 ,0-NU)-2.0+4.,0%NU)03005810

GS=3.0%(1.C~-NU) /(4. C*PISSQRIISG))

GO TO &0

CC 20 1=2+42C
IF(RG.LELAR{(I)) GC TC 25

CGNT INUE
J=1

CO 30 I=1.15
DALI=E(L4J-1L)4+LEQT4J)-E(L4J=-1) 0% (RG-AR(J-1}1/(ARLJ)-AR(I-1))
DO 40 I=1,%
ALLT) =8 C¥{C(3%1)-2.C¥*¥C(3%[-1)1+D(3%[-2))
BEIT1)=2.C*(-D{(3#[)4+4.0*%D{3%]-1)-3.0%C{3%]-2))
CNT(I)=AL{TI}IXNURRZHEE(TIXNU4L (3% [-2)

Cl1=CAT(1)

C22=CNT{2)

C23=CNT(2)

C33=CNT{4)

GS=CNT(5)
CONTINUE

- RETURN

END

gcccseac
00005830
0CCC584C
occcessesc
occcs8s6c
goccs8ic
occcessso
gCecsesc
00005900
acces591¢
030cCs920
0CCC553C
0CCCE940
gCc(595¢0
0CCCE9¢€C
0G6cCCcs597C
occcessec
020C5950
oCccecce
0000&010



' PRCGFAM WITA-SRT
SIMPLIFIED THECRY OF RCLLING CONTACT
BY J.Jo KALKER
MODIFIED AT CLEMSCN UNIVERSITY
DEPT. CF MECH. ENGR.
CLEMSCN, SC

*xkex [ANPUT PARAMETERS *¥%%x%

NORMALIZEC CONTACT CIMENSICNS A= 2.5980€E+00 ( A=A1/C1l, B=B1/Cl, WHERE C1=SQRT(A1*Bl),
{CARD #2) B= 3.8490E-01 { Al,B1 ARE ACTUAL CCNTACT CIMENSIONS
PCISSCN S RATIC NU= 2.8000E-01
{CARC #2) :
LAYER STIFFNESSES LXN= Q.0
{CARC #2) LYN= C.0
NUMERICAL CCNSTANTS NX= 10
{CARD #3) NY= 10
DM= 4.00C0E-02
NF= 1 (NF=1,FCRCES COMPUTED; NF=2,NCMENTS CCMPUTEL)
NS= 1 {AS=1, FULL CUTPUTS NS=2 ONLY FCRCES OR MOMENTS)

*¥*&% PARAMETERS CCNMPUTED ANC USED IN PRCGRAM *3##%

CREEPAGE ANC SPIN CCEFFICIENTS Cll= 9.2721E+400
€C22= S.9975E+00
C23= 9.,62S8E10C
C33= 5.56C4E-01

NURMALIZEC SHEAR MCLULLS GS= 4.55172E-01

NORMALIZEU INVERSE STIFFNESSES SXN= 1.63S6E+00
SYN= 1.5206E+00

9¢
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*4%3% NV2= ] DISTINCT PRCELEMS FCLLGW FGR DIFFERENT ##%%¥x%
*%%i% VALUES CF NCRMALIZEC CREEFAGE AND SPIN #%%%#

NORMAL I ZEC CREEPACE ANLC SPIN UXN= 0.0
{INPUT ON CARLC #%; UYN=-1.40CCE+DQ
PHN= E.00CCE-0O1

NCRMALIZED FCRCES ARE FXN= 8.9034E-07
(CCMPLTEL)Y FYN==3.47G3E-01
RESULTANT FCRCE RES= 3.4703E-01

{RES=SQRT(FXN*%¥2+FYN%*%2))

#42%xkx CONTACT REGICN FCLLCWS *%%3%
X AND Y ARE NORMALIXEL CCCRCINATES, X IN THE ROLL ING
DIRECTIONs XoY=X1/ClseY1/Cl WHERE Xx1,Yl ARE CIM. CCORL.
TZN=HERTZ STRESS =3/(2*PI1)*5CRT{F),y FOR REFERENCE ONLY
TZK=KALKER NORMAL STRESS AS ASSUFEC IN THE FRCGRAN
TIK=F*A*ALiY)*Py FCR XaGEZQ.S*LUY)
TZIK=F*A*(SQRT{P)+B1{Y))}, FCR X LE.C.S%*L1Y)
WHERE P=lo0—X*¥X/{A%A)-Y%Y/(B%B)y L{Y)=A%SQRT(1.0-Y*Y/{B*B))
ALIY)=0e5/S5URT{(1.C-Y*Y/(B*¥B) )% (1.C-(C.G)%%2))
Bl{Y)=~0.25/7A14 Y}, F¥A=(0.€56773,SUCE THAT RES NORMAL FGRCE=1
TX AND TY ARE NCRMALIZED SHEAE STRESSES
TX==TAUXZ*C**3/ (RHOXN)y» TY=—TAUYZ#CH%3/(RHC*M)
ABSUTX,TY) LESS THAN TZK FCR NC SLYF, EQUAL TC TZIK FCR SLIP
VXeVY ARE NGRMALIZED SLIP CCMPCNENTS, VX=VX1/VHZRHC/{NMU*()
VY=VY1l/V*RHU/ (MU*C), KHERE VX1,VX2=REL. VEL. BETWEEN
ADJACENT POINTS AND V=ROLLING VEL.

AT Y= Ue3464 - THE LEADING EDGE STICKS
AT Y= 0.3079 - THE LEADINC EDCE STICKS
AT Y= Ue2694 THE LEACINE ECCE STICKS
AT Y= 0.2309 THE LEADING EDGE STICKS
AT Y= Jel924 THE LEACING EDCE SLIPS
AT Y= O«154C THE LEADING EDGE SLIPS
AT y= Jell55 THE LEACINC EDCGE SLIPS
AT y= 0.077¢C THE LEACINC ECCE SLIPS
AT v= J.0385 THE LEADING EDGE SLIPS
AT y= V.0 THE LEACING ECCGE SLIPS
AT ¥= —0.038°5 THE LEADING EDCGE SLIPS
AT v= -0.077C THE LEACING ECGE SLIPS
AT v= -0.1155% THE LEADING ECCE SLIPS
AT Y= —0.1540C THE LEACING ECCE SLIPS
AT Y= -0.1924 THE LEADING E£CGE SLIPS
AT Y= =J 2338 THE LEADINC EDGE STICKS
AT Y= -0.2694 THE LEACING EDCGE STICKS
AT Y= -J«3079 THE LEACING ECCGE STICKS

AT v= -0.34064 THE LEADING ECCE STICKS



*REEY Y= 0.3464 38

X : TZH TZK  ABS{TXsTY) ARG(TX+TY) ABS(VX,VY) ARG(VX,VY)
-1.0392 JeUB27 0.0514 0.0514 261.501C 3.360¢ 261.5C1C
~C.7754 0. 1510 C.1453 C.1453 260.13¢€17 2.5782 260.1367
-(.5166 Ue1849 0.1%20 0e.192¢C 258,22¢%2 2.153¢ 25842253
-C.2568 02026 0.2163 Ce.21€3 255.51179 l.7885 255.511¢E

¢.0 0.2081 0.2229 0.223S 251.74¢€C lo 4411 251.74€0

(.2558 0.2026 0.21€3 C.21¢€3 26€.76€4 1.0954 246.17662

0.515¢ 0. 1849 0.1920 C.192¢C 240.78¢€C 0. 7374 240.7¢86C

C.7754 0.1510 0.1453 C.12€3 232.,50¢¢ 0.C 0.0

1.0352 O. 0827 0.0519 c.c212 223.4534 0.0 - Qa0
¥R Y= V.3079

X TZH TZK ABS(TXyTY) ARGITXsTY) ABS(VX,VY) ARGEVX,VY)
-1.,2990 V. 1584 0.1319 C.1319 263.07E1 3.3061 263.017¢1
-1.0392 0.2135 C.2078 C.2C7¢ 262.00€¢€ 2. 8105 262.0C6€
—C.71794 0.24381 0.25%4 0.2554 260.41¢€2 20 4291 260.4182
~C.5196 0.2701 0.28%6 C.28%¢ 257.95%51 2. 0834 257.9551
-£.2598 De2825 0.3027 03027 254,1511 1,7515%5 254.15117

C-0 U.2865 0.3082 C.3C82 248,5337 l.4219 248.53317
C.2568 Jel825 0.3027 0.3027 240.82¢5 1.C87S 24C.B2E€¢
(.51S6 0.2701 C.285%6 C.285¢ 231.2718 0.7493 231.27118
C.7794 0.2481 0.25%4 0.18€4 217.74€2 0.0 0.0
1.6362 0.2135 C.2C18 C.10322 157.7118 0.0 C.0
1.293C 0.1584 J.1319 0.046G¢ 172.2837 0.0 0.0
1.5588 0. 0002 €.0000 C.C 0.0 0.0 C.C
AR Y= Ve 2694

X TLH TZK ABSITX,TY) ARG{TX,TY) ABS{VX,VY) ARGIVX,VY)
-1.5588 Je 1849 0.1521 0.1521 264,4822 3.5782 264.46822
-1.2990 0. 2435 C.2327 C.23217 263.6963 3.0991 263.6%62
-1.0392 0.2825 0.28¢€3 Ce.28€2 2€62.4SC2 2. 7211 2€2.4%02
=C.7794 0«30%94 03234 C.3234 26C.5029 2.3791 26C.5C36
=C.5156 Je3273 0.3480 0.348¢0 257.2401¢C 2.0507 257.2C1C
-C.2558 0.3376 C.3€22 C.3€22 251.95¢€1 1.7242 251.9%587

.2 Ue 341V 0.36€8 0.3E€E 244,17¢S 1.388¢ 244, 17SE
C.25%5¢8 U« 3376 C.3622 C.2622 233.66¢3 1.0387 233.,6¢€¢2
C.5196 03273 0.3480 0.284¢ 21%.0521 0.C 0.0
(.71754 03094 0.3234 C.1855 196.25CC 0.0 0.0
1.0392 0.2825 0.28¢€3 C.13€5 167.136C 0.0 0.0
1.26S0 0.2435 0.2327 0.1150 142.19%¢ 0.C c.0
1.5588 U 1849 0.1521 C.C792 128.25%5 0. 0 0.C
1.8186 00675 0.0211 C.C125 119.21¢&S 0.C C.C
ki d Y= Jel3J9

X TZH TZK ABSITX,TY) ARGUTX,TY) ABS (VX 4VY) ARGI(VX,VY)
-1.818¢6 0.1849 0.13%9 C.129S 265.68¢€C 3.934¢ 265.686C
-1.5588 V625217 0.2330 €.233C 26%.1428 3.415¢C 265.142¢
-1.2990 0.298<2 C.2%9¢%6 C.2¢56 264,30¢1 3. 0261 264.3091
-1.0392 0.3308 0.34C5 0.34CS 262.88%2 2. €753 262.8872
-C.7794 0.3541 C.372¢ C.3172¢ 26C.38€7 2.3505 260.3 €61
-C.5166 J.3698 03942 C.3G42 256.1316 2.C26¢€ 256.131¢
-(.259¢8 03790 C.4C€8 C.4068 249.36174 1.6948 249.3E74

.0 J.3829 0.41C9 0.41C¢ 239.5132¢ 1.340¢ 236.513¢
C.256¢8 0.3790 C.4068 C.37C1 225.91(CS 0.0 C.0
C.519G6 0.3698 0.3942 0.24032 203.06%4 0.0 0.0
C.77394 03541 0.3726 C.1872 16S.7554 0.0 C.0
1.0392 0.3308 0.34C5 C.1E1¢€ 141.7920 0.0 0.0
1.2690 0.2982 0.2956 C.185¢ 12%.6612 C.C 0.0
1.5588 0.2527 0.233C C.1E4E 116.56327 0.0 0.0
1.8186 Je 1849 0.1399 C.1C2S 11C.98€S 0.C C.C



cEkER Y= J.1924 ' 39

% TZH TZK ABRS{TXTY) ARGETX,TY) ABS(VXVY) ARGEVR,VY)
-2.0784% 0.1584 C.093¢ C.0s3¢% 2664 7043 4.425% 266, 1043
-1.8186 02435 C.21C9 C.21(CS 266.34172 3.7651 266.3412
-1.5588 0.2982 0.28¢2 Ce28€2 265.81¢<8 3.345¢6 265.816G¢
-1.2990Q 0.3376 C.34C4 0.34C4 264,9222 2.987¢C 264,5233
-1.0392 03667 0.38CS C.28CE 263,28¢¢€ T 2.653¢€ 263.285¢
~-0.7794 Je3879 0.40%¢6 0.409¢ 260.327¢ 2.3308 26C.327¢
-(.51%6 0.4023 0e42%% C.42S4 255.29¢%3 2.0065 255.,2953
-C.2598 Je4l07 0.4410 Ca441C 247.40¢%% - 1.6651 247.4CS5

C.C O.4135 C.4448 C.4448 236.1813 1.2922 236.1¢13
C.2598 Je4la7 0.4410 0.2G52 217.13¢<¢ 0.0 0.0
{.5166 0.4023 0.42%4. 0.2047 181l.69¢€5 0.0 C.0
C.7794 0.3879 0.40%56 Ce2120 145.07%¢ 0.0 0.0
1.C392 Ue3667 0.38C5 0.2492 125.043C 0.0 C.0
1.2%90 0.3376 C.34C4 C.2€7C 114.9075 0.0 0.0
1.558¢8 0e2982 0.2862 (2453 109.14C¢ 0.C . CeC
1.8186 0.2435 C.21C9 C.1911 1C5.48¢4 0.0 0.0
2.3784 Je 1584 0.09%7 C.09C4 102.98¢E7 0.C C.C
CoEERRR Y= 041540

X TiH TZK ABSU{TX,TY) ARGLT X,TY) ABS(VXsVY) ARGLVX,VY)
-2.0184 00,2135 Ce1625 Celézt 267.34C8 4. 1843 267.340¢
-1.8186 02825 0.2574 0.2%74 267.02€8 . 3.6€9C1 267,028¢
-1.5588 0.3308 0.3228 C.322¢ 26€,532¢C 3« 3068 2664532C
-1.2990 Je3667 0.3733 0.3732 265.62¢52 29621 265,€2S2
~-1.£392 0.3937 Ce4lC4 0.41C4 263.9316 2.636¢€ 263.931S
—C.7794 Qe%l135 0.4376 C.437¢ 260.8638 23174 260, 8B€3¢
-C.51%6 0.4271 C.45€2 C.4562 255.70¢€8 1.9940 255.7Cee
-0.2568 Je435J 0.4612 Q.4€12 247.77%2 1. 6518 2417717152

(.C 0.4376 C.471C8 03682 235.6525 0.C C.C
C.2598 044350 C.4672 0.227% 208.99¢¢C 0.0 0.0
(.51%6 D.4271 0.45¢€2 C.185C 160.4578 0.0 0.0
(1794 0.4i35 0.437¢ C.2414 128.3532 0.C 0.0
1.0352 0.3937 0.41C4 0.26%5 114.71E4 0.C 0.C
1.2990 0.3667 0.3723 C.22€1 1C7.98¢C 0.0 0.0
1.5588 Je3398 0.3238 G.312% 104.08C2 0.C CuC
1.8186 0.2825 C.2514 C.2573 10l.5555 0.0 0.0
2.3784 V2135 0.1625% 0.1€23 GS.T412 0.C C.C
<.3382 Ue. 0827 0.C2417 C.0241 98.45¢%17 0.0996 98.459G8
AR N Y= 0.1155 : : _

X TiH TZK ABS{TXsTY) ARG{TXoTY) ABS{VXaVY) ARGIVXeVY)
—-2.3382 Je1510 0.0711 0.0711 268.16¢€3 4,850¢€ 268.10€63
-2.0784 0.2481 C.2047 C.2C41 267.99(C2 4.(869 267.96C2
-1.8186 Ja 3094 D.2891, C.2851 26T7. 7318 3.6€48¢8 261,131¢
~-1.55E68 Ue3541 C.35C5 Ce35C5 267.3147 3.2831 267.3147
-1.2990 03879 0.3970 0.2917¢C 266.52¢¢ 25471 266,525S
-1.€392 0.4135 C.4322 C.4322 265.,0417 2.6251 265.0411
-0.7794 0.4324 0.4582 0.45€2 262.38SS 2+ 3102 262.389S
-C.5196 0.4453 C.4761 0.47€1 258.00¢€3 1.9924 258.0Cé62
-0.2598 0.4530 0.48¢5 Cea 4865 251.37C2 1. 6618 251.31702

C.0 0.4555 0.49C0 0.3391 23S.8017C 0.C C.C.
C.2568 04530 0.48¢€5 CaliC1 206.T441 0.C Q0.0
C.5166 Ve4453 0.4761 01645 144.5741 C.C C.C
C.7754 0.4324 C.45€2 €.251¢C 117.4232 0.0 0.0
1.C392 Je%l35 0.4322 0.22C¢ 107.64z21 0.C C.C
1.299C 0. 3879 €c.3917¢C 0.3525 102.90¢1 0.0 0.0
1.5588 J e 3541 0.3505 0.3422 10C.14¢<3 0.0 0.0
1.818¢ Ue 3094 0.2861 C.28S1 S8.34(3 0.0273 G8.3404
2.0784 0.2481 0.2047 C.2041 97.046¢ 0.1083 97.C495

£.3382 01510 0.0750 C.C79C 96.11%S C.128¢ %6.115S



xR RH Y= Jed77J A5

X TZH TIK ABS(TX,TY) ARGI(TX,TY) ABSI{VX,VY) ARG{VX,VY)
-2.3382 U. 1849 0.1141 0.1141 26€. 77325 4. €E48E 268.173S.
-Z.C1784 U.2701 0.2313 C.2313 268.6521 4.037¢ 268.6%521
-1.818¢ 0.3273 C.31CC C.31CC 2€8.41721 3. €245 2€8.4121
-l.5588 Ue3698 0.3685 C.3685 268.162z¢ 3.268¢ 268,1€2¢€
=1.2990 04023 0.4122 Co4122 2€7.57¢€S 2.9313 267.516S
-1433G2 V.4271 0.4412 C.4412 2€€.4T713 2. €186 2€6.41172
-C.7164 0+4453 0.4123 C.4123 264.53(¢€ 243070 264.53CE
-C.5196 Je 4580 0.4897 C.48917 261.3491 1.595¢€ 261.34S1
-C.256¢8 Ue 4054 0.4959 C.45SS 256.5828 1l.675C 256.5¢82¢

Ce.Jd Je4bid 0.5033 C.26¢%1 247.00¢5 0.C G.0
€.2568 Ve 4054 Ce45SS C.11€1 208.02¢%6 0.0 C.C
C.5166 0.4589 0.4897 D.14E3 127.71¢£1 0.0 0.0
(. 71794 Ue4453 C.4723 C.257C 1C1.76¢4 0.0 c.0
1.0392 0.4271 0.4472 C.2341 1Cl.41¢2 0.0 0.0
1.265C Ue4023 0.4132 C.3¢S5 G8.38:z¢ 0.C C.C
1.5588 Ue3698 C.36¢5 C.3€13 G€.6CES 0.0 0.C
1.818¢ Je 3273 C.31C0 C.31CC 9E.44(2 0.C43E $5.44(2
Z.C184 Ua 2701 C.2313 C.2313 G4.5G¢€3 0.1530 54,5583
243382 Jel1849 J.1153 0.1153 S3.9821 0.1473 . 93.G€31
AN Y= 0.0385 ‘

X TZH TZK ABS(TXyTY) ARGU(T Y TY) ABS(VXsVY) ARGIVX,VY)
-Z.3382 0.20c06 0.13¢€2 C.13¢2 26S$.38¢¢ 4.5703 26G.3851
~2.C784% Ue2825 0.24€1 0.24€1 26S.3222 4,.C131 2€S.3237
-1.81€¢€ 0.3376 0.3220 C.224C 26%.23(C 3.6122 26G.230C
-1.5588 J«3794 0.37¢€9 03789 2€S.06¢%1 3.260¢€ 2€65.CE517
-1.26SC Ve4l07 C.4226 C.422€ 268.,7522 2.5318 268.7832
-1.0392 Je4359 0.455S 0.45ES 26B.16¢EC 2. €154 2E6B.1€EC
-C. 7764 Ue4530 C.48C6 C.48C¢ 267.13E2 2.305S 267.1382
-C.5166 Je4654 0.4917 0.45117 26E.46%2 le $995 2€5.4€52
~(.256G8 V.4727 C.5077 C.5C11 262.91738 1.€942¢ 2€62.5132¢

C.0 0.4751 " 0.5111 Ce.2€54 2517.3¢€7¢ G.C 0.0
(.2598 Oaa121 0.50717 C.CEEF 219.0571 0.0 C.Q
C.5166 04654 0.4S71 C.1378 10S.3824 0. C C.0
C.7794 Ue 4530 0.48C06 C.26€C5 98,7452 c.C C.C
1.€362 U«4350 0.4559G C.3416 S5.617S 0.C .0
1.2990 Je#l07 . 0.4226 €.27%2 S4.1311 C.C C.C
1.5588 0.3790 0.3178S C.3722 93.2624 0.0 0.0
1.8186 Je33706 0.3220 C.222C €2.68732 0.C521 G2.6E13
2.C784 0e2825 C.2461 C.24€1 G2.2718 0.1741 92.211¢
2.3382 Jeld26 0.13€3 C.13€3 Sl.96¢2 0.157¢ Cl.9¢€¢€2
A% Y= UeQ

X TZH TZK -~ ABS{TX,TY) ARGI{TX,TY} ABS(VXsVY) ARGIVX,.VY])
-2+3382 0.2081 C.1421 C.1431 ~$C.00(CC 4.5484 -S0.00CC
-2.0784 Je 2865 0.25CS 0.25CS -6L.00CC 4,005¢ -SC.CCCC
-1.8186 Ue 3410 0.325% C.3256 -9C€.00CC 3.6082 ~-S0.0C0C
-1.5588 Je 3829 0.3823 0.3€23 -6C.00C0 3.2581 -¢0,.000C
-1.2SS0 Q.4l35 C.4256 C.4256€ -5€.00CC 2.9301 ~<€C.0CCC.
-1.0392 Ve4376 J.4588 0.45¢€8 ~-%C0.00C¢C 2.6143 -50.CCOC
=(. 7764 0« 4555 0.4834 C.4834 ~-50.00CG 2.305¢€ -SC0.CCCC
-C.5196 O.4678 0.50C4 C.5CC4 -$C.00C0 2.0017 -60.0CCC
-£.2558 V4751 0.51C3 C.51C3 ~90.00CC 1.70C2 -50.CCCC

C.0 0.4115 0.512¢ C.254¢ -5C.00CC C.C C.C
6.2568 Je4l51 0.51C3 g.C38C -8%5.9958 0.C C.C
C.5166 Ve46178 €C.5CC4 C.1342 SC.00CC 0.C 0.0
Cel154 Je 4355 0.4834 0.2€1¢ SC.00CC G.C 0.C
1.C362 04376 C.45€8 03443 S0.00CC 0.0 0.0
1.2993 Je 4135 0.4256 C.2824 SC.30CC 0.0 0.9
1.5588 Ve 3820 c.3823 C.3751 SC0.00CC 0.0 C.C
1.8186 Ue3410  Q.32%9 Ce32¢%¢ GC.00C0O 0.054¢ €C.C0CC
2.C784 U.2865 0.25(9 C.25CS S0.00CC 0.1805 SC.0CCC. ..

Z.3382 0.2081 0.1421 C.1431 SC.00(€C 0. 161C GJ.0C0C



sEedE Y= ~-0.0385 . 41
S TZH TZK ABS(TX,TY) ARGIT),TY) ABS(VX,VY) ARG{VX;VY)

~Z+.3382 V2026 C.13¢€2 C.13¢2 -89.3857 4.5703 ~B8G.3EST
-2.0784 02825 0.24¢€1 0.24¢€1 -8G.,3234 4,0131 -8S8.3234
-1.818¢ QOe33706 0.3220 C.322C -86,23C1 3.6122 -8S.23C1
-1.5588 03790 0.3789 C.37E¢ —-8G.06%5¢ 3.260¢€ —8S.065¢
-1.,2690 0e4107 0.4226 0.422¢ -8R.7522 2.€31¢8 ~-88,7522
-1.0392 04350 0.4589 C.4556 -88.167¢ 2. €154 —88.167%
~C.77G4 Je4530 0.4806 C.48C6 -87.13¢&C 2.305¢% -87.13EC
-C.51506 Geabd4 C.4917 Ce45117 -8%.46%52 1.9999% ~85.4652
-C.2598 Je47217 0.50117 Ce5C77 —82.972% le €942 ~-82.51713¢
C.C 0.4751 C.5111 Ce26%4 -77.36€S 0.0 0.0
$.2598 Je47217 0.501717 C.O0CEE -36,0543 0.C 0.9
«S166€ Oe 4654 Co49177 C.13178 70.6146 0.C 0.0
0.7794 0« 4530 C.48C6 0.2€CS 81.253% 0.C 0.0
1.03292 0.4350 0.455¢% C.3416 84.3813 0.6 g.C
1.299C V.4107 0.422¢ C.317S2 85.861¢€ 0.0 0.0
1.5588 U.3790 0.3789 0.3722 86.]368 Ce.C C.C
l.818E¢ 0.3376 C.3220 C.322C 87.3126 0.0521 87.312C
2.(0784 Je2825 N0.2461 C.24€1 87.7217¢ C.1741 871.721¢
243382 020206 0. 1363 C.1363 88.033¢ 0.1576¢ 88.033¢
kDR Y= -0.0770
X TiH TZK ABS{TXeTY) ARGITX,TY) ABS{VX.VY) ARG(VX,VY)
~-223382 Qae1849 0.1141 C.1141 -88.7741 4.¢€48¢ -88.17741
-2«C784 0.2701 0.2313 C.2312 -88,6521 4.0376 -88.6521
~1.8186 Je3273 €.31C0 C.310C ~88,472¢ 3.£24S -88.472¢
-1.5588 03698 0.36E5 0.3€8% -88.1628 3,.268¢ ~-88.1¢€2¢8
-1.2990 V.%J23 0.4132 0.4132 ~87.577C 293173 -87.577C
~-1.C292 04271 Ca44712 0.44712 -86.417714 2.6188 ~86.41774
-0.7754 Je4453 0.4723 0.4722 -84,53CS 2.301¢C ~84.530%
-C.51%6 Q.4580 0.48S7 C.48S7 -8l.34S1 1.995¢ -81.34S1
-C.2598 Oe 4654 0.49S9 0.4S5SS ~-7€.5824 1. €7SC -716.5E24
C.0 0.4678 0.5033 0.29¢51 -67.005¢ 0.0 0.C
C.2598 U.4654 04559 Call167 -28.02SC 0. C 0.0
e 5166 0.4580 0.4897 0.1483 52.2839 C.C C.C
C.1794 Qe« 4453 C.4123 C.2%1C 72.23CS 0.0 0.0
1.C392 De4271 ND.4472 C.3341 78.58C4 C.C C.C
1.259C Ue4023 0.4122 C.3€S5 81.61¢9 0.C .0
1.5588 03698 0.3685 03613 €3.39C¢ 0.0 D.0
l1.8186 U« 3273 C.31CC C.310C 84.55¢3 0.043¢ 84.55%2
2.0784 02701 0.2313 C.2213 85.4013 0. 153C 85.4C13
2.3382 0. 1849 0.1153 0.1153 86.,01¢1 0.1473 86.C161
*kk%kt Y= -Je1155
X TZH TZK ABS(TX,TY) ARGITX,TY) ABS(VX.VY) ARG(VX,VY)
—Z2.3382 Jel510 0.0711 C.0711 -88.16¢% 4.85C¢ ~-88.1¢€6%
~2.C784 002481 0.2047 0.2041 ~-87.99C3 4.0866 -87.9903
~-1.8186 Je 3094 0.28%1 0.2861 -87.737¢ 3.C4EE ~-B7.727E
-1.5588 0<3541 C.35(C5 0.35C5 ~-87.3148 3.2831 -87.314E
-1.2990 0e3879 0.3970 C.367C —~8€.52¢C 2054171 ~86.526C
-1,€392 Oe4l35 0.4322 C.4322 ~8€.0418 26251 -85.04]1¢
-C.1794 0.4324 0.4582 C.4582 -82.39CC 2.3102 ~82.3500
-C.5196 0.4453 0.47€1 0.47¢€1 ~-78.00¢3 1.6924 ~-78.CCé€2
-C.25%8 0«4530 0.48¢€5 C.48¢€°C -71.37CC 1.6618 -71.370C
0.0 Je4555 0.4S00 C.33917 ~59,80¢8 C.C .0
.2598 0.4530 0.48¢5 CalTC7 ~26.744C 0.0 0.0
Ce5156 Je4453 0.41761 C.1€45 35.424¢ c.C : C.C
C.7754 04324 C.4582 0.2510 - 62.57€32 0.0 0.0
1.0392 Q0.4l35 0.4322 Ce320¢ 12.357% 0.0 0.0
1.299¢C 0. 3879 0.397C C.3525 77.0915 g.0 C.0
1.5588 03541 C.35CS C.3422 719.85C3 0. C 0.0



42

1.81E6 Ue3094 0.2891 c.2891 81.65¢2 C.C272 8l.656C
z.C1784 Us2481 0.20417 C.2C41 82.95(C3 C.1093 82.9503
243382 01510 0.C7s0 C.C7S9C 83.884C C.128¢ £3.8€4C
¥HABEk Y= -Jel54J
X TZH TZk ABSITX,TY) ARG(TX,TY} ABSH{VX,VY) ARGI(VX,VY]
—2.0784 Uel135 C.1625 0.1€25 -87.34CE 4, 1843 -87.34C¢
—l.E8186 02825 0.2514 C.2574 -87.025C 3.6901 -87.028C
-1.5588 Ue3308 0.3228 Ce322E -8¢€.532C 3. 306¢& -86.532C
— 12590 U.36067 0.3733 0.3732 -85.62%2 2.6621 —85.,€2%2
-1.C392 063937 C.41C4 C.41C4 -83.63<C 2.636¢ -83.932C
-0.7794 Jel35 0.4316 C.4376 -80.86217 243174 -80., E€37
-C.516¢ Ue4a2171 0.45¢2 CatBE2 -15.7CE8 l.994C -715.7C88
-C.2598 Je#359 0.4612 Ce4€72 -€7.77%1 l.€518 -€7.7751
.0 Ue4376 C.417C8 0.3G62 —-55.6524 0.C 0.0
C.25G8 Je435J 0.4612 0.227¢ -28.,9918 0.0 0.0
C(.5166 Oea271 0.4562 C.185C 19.5421 0.0 0.C
C.7794 Ue4135 0.437¢ Ce2414 €l1.64¢€% 0.0 0.0
1.0392 0.3937 0.41C4 0.299¢ 65.2814 C.C C.C
1.2990 Ue 36067 0.3733 C.32€1 12.0128 C.C 0.0
1.5588 V<3308 0.3238 €.3129 75.91¢¢ C.C C.C
1.8186 Ue 2845 0.2574 C.25173 78.4441 0.C 0.C
2.07184 Je2135 0.1625 0.1623 - 80.25¢&7 0.C C.C
2.3382 010827 0.C241 0.02417 81.54C2 0.C99¢ 8l.5401
*k%%d Y= -Ue 1924
X TZH TZK ABS{TX,TY) ARGLTX,TY) ABSIVX,VY) ARGIVX,VY)
—2.0784 O.1584 0.0939 0.093¢ -B6. 1044 be 4255 —86.7(44
-1.8186 Ue2435 0.21CS €C.21CS —-8€43472 3.7651 -B6.3472
-1.558¢8 Je2982 0.28¢€2 C.28¢2 -85.815¢ 3. 345¢ -85 £19¢
~-1.2950 U«3376 Ce34C4 C.34C4 -84.9235 - 2.987C -84,9235
-1.0392 Je3667 0.38C5 0.380¢ -83.,248¢%8 2.653¢ -83.2E&¢C¢
-C.7754 0. 3879 C.406%6 . 0.4CSé¢ -80.3216 2.3308 -80.327¢€
-€.5166 Je4U23 0.4254 Ce42C4 —15+.29%¢ 2.006¢ —-15.2552
-(.2598 U= 41017 C.4410 C.441C ~67.405¢ 1. 6651 -6T7.4CS¢€
C.0 Q+4L35 0.4448 O.444¢ -56.1814 1. 2922 -56.1E14
C.2568 Ue&4l07 O0.4410 0.2952 -37.13¢5 C.C C.C
€.5196 04023 04254 C.2C41 -1.69¢€5 0.0 0.0
C.7794 Ue 3879 0.4CS6 C.212C 34.,92C2 Ce(C Q.0
1.C392 0e3667 £.38C5 C.24G3 54.957C 0.C C.C
1.2990 Ue3376 0.3404 0.2€7C 65.092¢ 0.C C.C
1.5588 02982 C.28€62 0.24G3 1C.85¢5 0.0 0.0
"1.8186 Je2435 0.21C¢ C.l611 74.511€6 0.C C.C
2.C184 Oe 1584 g.CSS51 €.CSC4 77.0112 0.C 0.0
X%k Y= ~0e23U9
X TZH TZK ABS{TX,TY) ARGITX,TY) ABSH{VX,VY) ARGIVX,VY)
-1.8186 Uel849 0.13$9 €.13S9 -BE.68B¢€2 3.534S -85, 6862
-1.5588 0.2527 0.2330 C.233C -85.142S 3.415¢C -85.1426
=1.29990 Je2982 0.2956 Ne295E -84.3C%¢ 3.C2¢1 -84.3C%2
-1.C392 063308 C.34(C5 0.34C5 -82.88713 26793 -82.8813
-0.T794 Je 3541 0.3726 0.372¢  —80.38¢€17 2.35C¢% —80.3E€1
-C.51%6 03698 C.3942 03642 -76.1317 2026¢€ -16.1217
-0.2598 Je3790 0.40€8 0.40¢€8 ~6G.361% 1l.€94¢ —6G.3¢€7%
€.C 0.3820 0.41CS C.41CS -56.5113¢ 1. 3409 -59.513¢
C.51596 03698 C.3942 C.24C2 -23.06%54 0.0

0.0
C.7154 0«3541 0.372¢ C.1872 1C.24C¢€ c.C C.0
1.03%2 U.3308 0.34C5 . C.lB87¢ 38.20¢€C C.C C.C
1.299C 0.2982 0.2956 C.1865¢ 54.33¢E€ 0.0 0.0
1.5588 Je2527 0.2330 - C.1648 63.43¢€2 C.C C.C
1.E186 U. 1849 C.1399 C.1C2¢ 6S.0111 0.0 c.0
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Ak kxR y= ~Je269%

X TZH T2K ABS{TX,TY) ARG(TX,TY) ABS(VX,VY) ARG(VX,VY)
~1.5588 0.1849 0.1521 C.1521 ~84.4823 3.5782 —E4.4822
-1.2990 0.2435 0.2321 C.2321 —~83.65¢€3 3.0991 -83.6G¢€2
-1.0392 J.2825 0.28¢€3 0.28673 -82.49C3 2.1217 -82.45C32
-C.7754 03094 C.3234 C.3234 -8C.504C 2.3791  -80.5C4C
-C5156 Q3273 0.3480 0.34EC -77.2012 2.C5017 -77.2C12
-C.2558  0.337e Ce3622 €.3622 -71.95€1 1.7242  ~71.5587

C.0 Js3410 0.36¢€8 0.3¢€¢€E -64.18CC 1.385¢ -64.1£0C
€.2598 0.33706 C.3622 C.3622 ~53.66¢4 1.0382 -53,6€6¢4
C.5166 0.3273 C.34EC C.2846 -39.0531 0.0 0.0
C.7794 043094 0.3234 C.1855 ~-16.25CC 0.0 0.0
1.0392 0. 2825 0.28€3 C.1385  12.864C 0.C 0.0
1.259¢ 042435 0.2321 C.l115C  36.8044 0.¢C C.C
1.5588 01549 0.1521 C.C1S2  51.74C5 040 0.0
1.8186 0.0675 0.0211 €.C125  60.7811 0.C c.C
wrktE Y= -0.3079

X TZH T2ZK ABS(TX,TY) ARG(TX,TY) ABS(VX,VY) ARGIVX,VY)
-1.2990 0.1564 0.1319 C.1315 -83.07¢€2 3.3061 -83.C7€2
-1.0392 0.2135 0.2078 0.2078 ~-82.00€7 2.8105 -82.0C67
~C.7794 0.2481 0.2554 ~ C.2554 -80.41€2 2.4291 ~-80.4182
~0.5196 0.2701 0.2856 0.285¢ —77.95%2 2.C834 -77.9552
-C.2558 0.2825 C.3027 €.3C27 -74.1517 1.7515 ~T4.1511

C.0 J.2865 0.3082 0.3082 -68.5328 1.421S —-£8.533¢
C.2558 0.2825 0.3027 €.3027 -6C.8286 1.0875 -60.8286
0.5156 V.2701 0.2856 C.285¢ =51.2776 0.7452 -51.2779
(.7794 De.2481 C.25%4 C.18¢4 -37.74¢€2 0.C 0.0
1.0392 0.2135 0.2078 C.1032 -17.7118 0.0 0.0
1.2990 0e1584 0.1319 C.04S¢€ 7.7163 0.0 0.0
1.5588 0.0002 0.0CCO C.C .0 0.0 0.0
$3540 Y= -0.3464 .

X TzH TZK ABS(TX,TY) ARG(TX,TY) ABS(VX,VY) ARGLVX,VY)
-1.€392 0.0827 0.0514 0.C514 -81.5012 3.360¢ -81.5C12
-C.7794 041510 0.1453 0.1453 -80,13€7 2.5782 -80.13617
~C.51%6 01849 0.1520 0.1920 -78.22%5 2,153  -78.225%
-0.2598 042026 0.21€3 C.21€2 =15.517S 1. 7885 ~15.51176

.0 0.2081 0.2239 €.2235  -T1.74€1 - 1.4411 -71.74€C
€.2598 042026 0.21¢€3 C.21€3 -6€.76€4 1.0954 -66.7€64
C.5156 0.1849 0.1920 0.1920 -60.78€C 0.7374 -60.7¢€6C
C.7794 0.1510 01453 C.12€3 ~-53,5C¢€5 0.0 0.0

1.0392 Ve 0827 Ne.051% 0.0272 -43,45324 C.C C.C
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850

999

NALD
REAL NU 45

TC USE SUBRCUTINE FCRCES, THE PARAMETERS TRANSFERRED FROM THE MAIN
PRCGRAM ARE (A,BoNUSUXNJUYNJFHNyNXsNY,EN) THE SUERCUTINE THEN
DETERMINES THE NCRMALIZED RESULTANT FORCES FXN ANC FYN.

THIS PRCGRANM CCATAIMS SUBRGUTINES FORCES.+MAAKZ.RCUL,ANL CCNST

{ 2 ANC B ARE THE NCRMALIZEC CCATACT ELLIPSE
CIMENSIONS. WHERE IF A1l ANC Bl ARE THE ACTUAL
CIMENSIONS THEN A=A1/SCRTY(Al1*Bl) INC
B=f1/SQCRT(£1%B1). NCTE A/B >= C.l

NU IS POISSCA'S RATIO. THIS IS THE CNMLY
INFCRMATICN NEEDED TO CCMPUTE (INTERNALLY) FROM
KALKER®*S TABLES AND ASYNPTCTIC EXFAANSIONS, ( SEE
SUBROUTINE CCONST )y THE LINEAR CREEPAGE AND SPIN
CCEFFICIENTS, CIJ, AND THE NCRMALIZEL MCDULUS, GS.
THE CONSTANT GS=C*(C%x*%3) /(RHC*N) 4WHERE C=
SGRT{A1*Bl)}y L/RFO=1/4%(1/R1+ + 1/R1- + 1/R2+%+ +
1/RZ2—-)AND N=RESULTANT MCRMAL FCRCE.

THESE ARE USED IN THE PRCGRAM TC CCMPUTE THE INVERSE
STIFFNESSES SX ANC SY.

THEN SX=8%8/(3%C11*¥GS), SY=8%*A/(34C22%GS),
HC=32*SQRT (B/A) ¥C23/(3%¥P1%*C22) ANL PHNN=HC*PHN
NCTEy THE CPERATION PHANN=HC®*PHN IS CCNE IN THE
FRCGRAM. THE NORMALIZEC SFIN PEN=PH*RHO/MU IS

THE VALUE TRANSFERELC TC THE SUBRCLTINE

UXMN ANC UYK ARE NCRNALIZEC CREEPACES, PHN

IS THE NORNMALIZELD SPIN),

UXN=UX*RHO/ (MU¥C)y UYN=UY3RHC/(MUFC}y PHN=PH*RHO/MU
NXoMY (LATTICE PCINTS IMN CCNTACT REGICN,

(I#2/NXe J%XB/NY) y —-NXCI<KNXy ~NY<KJ<NY, ACCURACY
INCREASES ¥ITH INCREASING NX,NY TYPICAL VALUES NX
=3C4NY=10. MAXIMUM VALUES; NXyNY=4C. FOR A/B=10
NX=40,NY=1C, FOR A/8=0.1 NX=10,AY=4C, FCR A/B=1
NX=NY=20, 2RE TYPICAL VALUES.

CM (AN INCREMENTAL STEP IN THE CCMPUTATION,
ACCURACY INCREASES WITE CECREASINCG CF, TYPICAL
VALUE=C.02%A )

THE NCRMALIZED FCRCES RETURNED ARE

FXK=FX/(MU%N), FYN=FY/(FUEN)

*x%n%x NCTE: ALL VARIABLES HAVE BEEN NCRMALIZEC SUCH
**%kx THAY THE CCEFFICIENT CF FRICTICN,s MU, DCES NGT
**2¥% EXFLICITLY APPEAR.

REAC(1+%) NV1

DC S9S I=1,AV1

READ(1,%) AeBoNUsUXNKyUYNyPHNsNX, NYoDM

CALL FGFCESTAEsNUSUXNJUYN oPHNys NXoNY, DM FXN,FYN)
WRITE(3,ES5CIA+BaNULXNsUYNSFHNJNX oNY yOM 3 FXNFYN
FORNAT(//.IZX,'A=',lFE11.4.I.12X,'B=',1PE11.4.1,11X7'hU='.1PE11.4.
$l110X9'UXN='91PE11-4,/'10X1'UYN='11PE11-4./¢10X'fP}N="IPEIIOQQ/,

SllX"NX=', 13 '/v11X1'NY='1 13 ,/.IIX,'DM='91PE11.4,/,10X,'F
$SXN=%9 IPE1la4s/+s1CXs"FYN=*4y1FElle%+//)

CONTINUE

STCP

END
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1027

FCRCES

SEE "SIMPLIFIEC THECRY COF RCLLING CONTACT™, BY JoJ« KALKER

DELFT

PRCGR., REP., SERIES C: MECHAN{CAL ANC AERChALTICAL

ENCGINEERING ANC SHIPBUILDING, 1 (1S73) FP.1-1C
SUBROUTINE FCRCES{A4BoNUSUXDM,UYNs PHN ¢NX+NYCMFXN,FYN)

% o o %k %
ok k&
Aok
Rk
Aok ok ok %k
Rk kk
¥ x %k
xkkokk
% ko ok %k
ok %k %k %
Ehkkk
Lk ok Aok

A ANC B ARE TH+E NORMALIZED
IS PCISSCN'S RATIC. NCTE,

NCRMALIZEC SFIN.
PHN=PH*REC/MLU .

NX ANC NY 2RE LATTICE PCINTS IN
(T*A/AX 3 J*¥B/NY) o—NX +CGEo I oLE.

uy

CONTACT ELLIPSE CIMENSICNS, NU
A/B VMUST BE LGE. Ce.l

UXN ANC UYN ARE THE NCRMALIZED CREEPAGCES ANC PEN IS THE
UXN=UX*RHC/ (MU%C),

N=UY#®RHC/ (MU*C),

THE CCONTACT REGICN,

M(, -NY

ACCURACY INCREASES WITHE INCREASING NX,NY.
NX=3CsNY=1C, MAXIMUM VALUES NX,NY=40.
ACCURACY INCREASES WITE DECREASING OM, TYPICAL VALUE=C.C2%A
NCRMALIZEC FCRCES ARE RETURNED WHERE FXN=FX/(MU#N)
FYN=FY/{MU%N) WITH N=RESUL TANT NORMAL FCRCE

«GEes J <LE. NY
TYPICAL VALUES
CM IS A STEP

REAL X{81+81),Y(€1,€1),VX(81,81),VY{81,81),G(E1,41C)

REAL CS(3),GEL{(S)
REAL CNT(5)
REAL UXsLYsPH9SXsSY,A
$P9 Q9 ARG CGRy AL o NU ‘
INTEGER MXyNY ol s Jo¥FX oMY LY s MF4NS

CATA XsYsVX9VYG/ESEL*Ca0+65€1#0.Co6561%C.Co€E561%C.Cy

$ 81C%C.0/
CALL CONST(ALB4NL1C115C221C224C33
.14159
GR PI/lSO 0
MR =3%AX
MY=3%NY
LY=3%AY
MUZ=3.0/(2.C*PI)
SX=8.C*A/(3.04C11%GS)
SY=8. C*A/(3.0%C22%GS)
HC=32.0%SCRT(E/A)#C22/(3.0%P1%C22)
GEL(5)=DV¥
CEL{1)=SX
CGEL{2)=SY
GEL(3)=A
CEL (4 )=B
PHNN=HC%PHN
€S (1)=UXN
CS{2)=UYA
CS {3 )=PHNN

+GS)

CALL ROLUCSoGEL ¢MUZoPXoNY 9 X oYV 9 VYo GoFXoFY,4MZ)

FXN=FX
FYN=FY -
RETURN
END

6.

00Ccco01a0

ggccceoac
gcccceac
0GCC0040
90CCC050
0CcCCCcCeoC

. 00C000170

occcccec
300c0c0s0
occcclco
0CCCC110
gcccclac
000C013C
00CCO140
goccclso

0CCCC160

gcccclic
00000180

- occcclse
2B sMUZ yFX4FY 4yMZ 4UyUELUE,UD,C¥,AE,AD,AE,TX,TY,03000200

0gcccz1io

-0CCCC22C

gcccc23g

‘0CcCC0240
- gcccozso

gccccaeo
0goco2170
gccccaec
32000290
0CCCC3G0
0cccc31c
00CCC320

‘06CCC33¢
.0CCCC34C

ggccc3se
0cgoce3¢€0

-0CCCC31¢C

00000380
accccasc
00CC0400
00CCC41C
0CCCC42C
0CCCC43C
0CCCC440
0000cC45¢C
0ccCC46C
03000470
GCCCC4EC
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i1

SUBROUTINE MAAKZ(P,C'hZ-DZvCZZfA ELsMUZ)

REAL MUZ
AL=C.S

VRAKI

S= SQRT(l.O—AL*AL)

AW=A*SQRT{1.0-G*C/B/E)

PI=3,141552€53¢

F=NUZ*PI /2. OIA/(ATAh(AL/S)+(2.0/3.0-AL+AL*AL*AL/3.C)IS)
IF{P.LE.AL*AW} GC TC 10

WZ=F% (AH®XAW~P*F)/2.C/AW/S

CZ=F*P/AV%/S

LC21=F/AK/S

GC TG 11

WZ=F*SQRT (AR AW-F*¥P )-F/2.0%AK*S
DZ=F*P/SCRT{AK*AK-P*F)

RETURN
END

47

00000490
0ccccs5co
00CCCS1C
06cLa520
60CcCC530

- 0CCCO0540

€CCCC550
000C0560
CCCCCS1C
000c0580
0CCCC5SQ
0CC00600
ggaccelc
0cccos2C
0gccce3c
cCcCcCe4c
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401

45

iv
29

20

100

4170

RCL

SUBRCUTINE ROL(CSsCEL NMUZ NX 3 NY o X9y VX VY CoFXyFYyNZ)
REAL MUZ JNMZ,KoMU '

INTEGER PIJL

REAL LE(81)

INTEGER E{E1l)

CCMMCN A,E

CIMENSION X(Elyﬂl)yY(@lvBl)vVX(Slval)oVY(€lvel)v
$ C(81,10),CSU(3),CEL(E)

Ux=Cs{l)

uy=Cs(2)

PH=CS{3)

CM=GEL(5)

SX=GELI(1]

SY=GEL(2)}

A=CGEL{3)

B=GEL{4)

F=A/FLOCAT{INX)

K=B/FLCAT{AY)

PI=3.,141562€53¢

CIP=NUZ%2.C/A/A

J=-NY

J=J+1

IF{J.GT.NY-1)GC TC 1CO
LE(J#NY+1)=A%SCRT{1.C-FLOAT(J*J) /FLOAT(NY)/FLCAT(NY})
P=LE{J+NY+1)

E(J4NY+1)=C.SS*P/k

I=-AX-1

I=1+1

IF{I.CT.MX)GC TC 2CC )

IF (I LT ~E(JINY+]1 ) CRLIGTLE(J#NY+]1))GC TC 15
GC TC 10

VY({I+AX+1,J4NY21)=C.C

VX{T+NX+19J#NY11)=C.C

YOI+NX+1,J4NY41)=Ce(

XUI+NX41 o J4NYH+1)=CaC

GC TC 401

CCNTINUE

0C 2C I=1,1C

ClI+NY+1,]1)=-3.C2A

GC T7C 38C

CCONTINUE

THV=—1.0
THV=THV#ATAN(UY/(ABS{UX—PH*E)+1,E-C8})#PI1/2.0%(1.0-THV)

J=-NY

J=J+1

IF{JGT.NY=-1)GC TC 2(C
C=J*K

P=LE({J+NY+1)

PG=P

CUX=UX-PH*(

PIJL=2

CUY=UY+PE®P

CALL MAAKZI(P,C,ZN,CZ,CZP,A,E,MUZ)
XG=0.0

YG=C0.C

XVN=0.C

48

07000650
CCCCCEEC
03C00670
0CCCC680
0CCCCESC
eccccice
0CCCC71C
23000720
0ccecrac
000C0740
6CCCCTSC
0CCCCT60
acccciic
occcciec
00CCCTSC
0CCCCBCC
2200C81C
occccaze
06CCC830
0CCCCR4C
03000850
0ccecesc
000CCEIC
6CCCO88C
0GCCC8SC
0CCCOSCO
6CCCCo1C
000C€0920
€CCees3c
000009493
0CCCCssc
00CCCSEC
000CC970
00CCCSEC
000CC9SC
00CC10CC
00001010
cceercae
030C1030
0CCC104C
00001050
0CCC1060
0cccicic
0CCC108C
0CCC1CSC
08cCl100
cccclllc
03001120
gceeitac
00CC1140
0CCC1150
6CCC116C
00601170
06CCC118C
03001150
66CC12CC
00601210
0CCC1220
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YV=0.0 gccc123c
VW=0.C 0CCC124C
I=E{J4NY+1) 06CCl250
G{J+NY+1,1)=1.C oceC12€¢
IF(CZRCZ-CUX*CUX/SX/SX-CUY*CUY/SY/SY.GT1.C.C) GO T1C 1001 occcl2ic

C SLIP AT THE LEACING ECGE. DETERMINE T(HETA). 0ccc128C
GLI+NY+1,1)=—1.C 03001299
T=-1.C 0CCC13CO
IF{CUXeGE.CoC) T=1.C 03001310
T=T*ATAN(CUY/ {ARSL{CUX)+1.E~CE)I+P1/2.0%(1.C~T) ggcC132C

C BEPT : 0CcCC1330
1002 S=SIN(T) 0CcCC134¢C
C=CCS(T) _ occclase
NU=(CUX%S-CUY*C—-CZ*(SX~SY)*C*S)/ { CUXFC+CUY*S-CZ*{SX—SY)I*{C*C—-S*S5))000C1360
T=T-NU 0CCC137C
IF{ABS{NU).GT.1.E-C2) GC TO 1CN2 020C1380

THV=T 0ccC139¢
C=CCSiT) 00001400
S=SIN(T) 0CCCl41C

C THE STARTING VALLUE CF T HAS BEEN FCUND. THE 00CC1420
c DERIVATIVE IS CETERMINED IN A SPECIAL WAY. 0CCCl430
TP=(PHYC4CZPH{SX~SY)#C*S) /7 { CUXRC+CUY*S-C2#{{3.0#4C*C-1.0)*(SX-SY) 0OCCCl44C

$ -SX)) 00CC145C

C NEXTGL CCCC14€C
1003 ©C=-DM 020014170
IF{P-CM.LESI#*E+41 . E-CE) D=I%t-P 0ccCcl48C
PN=P+D 00CC1450

CALL MAAK2(PN,CoIN,C2,C2P,AsE4MUZ) geccu1sce
IN=T+D%TP 0CCC1510
S=SIN(TN) gcccCl1s20
C=COS(TN) 0¢ceel152e
CUY=UY+PE%PN 0CCC1540
TPN={CUX*S-CUY%C-CZ8C¥SE{SX-SY)) /IN/ (SY*C#C+SX%S%S) cCCC155¢C
T=T+0.5%D*(TP+TPN) _ 000C1560
S=SIN(T) 0CCC157¢C
C=CCS(T) 00CC15€80
XN=ZN*C 0CCC15SC
YN=ZN%S 0cccl6ce
V=CUX#SYHC4+CUYRSX*S-CZASX*SY oGcC161C
IF{V.GE.—4.E-C5) GC IC 1004 ocecclée2c
AN=VV/{VV-V) 0CCC163C.
IF(ABS{VN) oL T.1.E-1C) AMN=0.6S 0CCC164C
VV=0.0 00001650
AV=1.C-AN CCCC16EC
G{J+NY+1 ,PIJL)=AVIP+AN%PN 000C1670
PG=G{J+NY+1,PIJL) CCCCL6EC
PIJL=PIJL+] 0CcCC16SC

P=PG 00CC17CO
IF({PIJL.CT.1CIPIJL=1C 00CC171¢C
XV=AV*XV+ANEXN 00CC1720

XG=XV : occC173¢
YV=AVIYVAANRYN 03001740

YG=YV 0CCC175¢C

GO TC 10Ce 0CCC176C

1004 CONTINUE 0occclvic
C SLIP IN THE NEw FCIMT 0CCC178C
XV=XN N00017SC

YV=YN CCCC18CC



€ SLIP
1005

¢ ADH
1001

C ADHE
1JyJé6

1008

1997
340

P=PA

RCL

TP={CLX¥S-CUYR(-CZH{*S*{SX=SY) )/ IN/(SY*CRC+SX%5%¢5)
IF{P.GT.I*h+1.E-C€) CC TO 1CC3

XEI+NX4+L o J+AY+]) )= XN

YOIENX+1 3 J4NY+1)=YA

XP=—ZN%S*TP-CZ%C
YP=IN*C*TP-CZ%S$S

VX(T+NX+1oJ4NY 41 )=CUX+SXEXP
VY{I+AX+1 9 J#NY+1)=CLYSSY*YP

vv=V
I=1-1

IF(1.1T.~E(J+NY+1)) CC TO 1CC7?

Gg TC 10C3

T=-1.C

IF(CUXaGT.CC) T=1.C
THV=T*ATANCIUY+PF2P ) J(ABSICULX)}+1 .E-08) )+PI*{1.0-T)/2.C

RE
PN=I*F

XN=CUXX:{(FG-PN)/SX+XC

YN={UY+) S*PH*{PG+PN) )X (PG-FN)/SY+YG
CALL MAAKZIPA,CoZNoCZ,CZPsAE,MUZ)

V=IN=-SQRTI{XN*XN+YA*YN)

IF(V.CEL(~4.E-05)*MLZ)CC TO 1c08

AN=VV/(V\N=-V)

IF(ABS(VV).LT.1.E-1C) AN=0.€

AV=14C-AN

P=AVEP +AN*PN
G(J+NY+1 ,PIJL)=F

VV=3.0

PIJL=FIJL+]l
XV=AVREXV+ANRXN
YV=AVEYV+ANEYN
IF(PIJL.GT.1C) PIJL=1C

T=-1.C

IF‘XV.GE.C.C) I=1.C

CUY=UY+PF%P

T=T*ATAN{YV/{ABSI{XV}+1.E-08))+P1/2.0%(1.C-T)

c=Cos(m)
S=SIN{(T)

CALL MAAKZ(P+Q+ZN,CZ2,CZP4A,E4MUZ)

GC TC 10¢5

vv=V

X{T+NX+1y J+NY 41 )=XN

Xv=XN

YUI+NX41 o J¢NY#+1)=YN

YV=YN

VY{T#NX+1,J#NY+1)=C.C
VX{T#AX41, J#NY41)=CoC

1=1-1
P=PN

IF(IGE.-E{J+MY+]1)) GC TO 1CCé&

GO TO 47C
CCNTIMUE

THE ARRAYS ARE FILLEL.
DETERMINEC
C T=4.C¥K/2.C

THE INTEGRALS ARE

50

gcccilsela
0ggciLe29
cccci183c
09001840
0CCC185C
0ggcigeéo
0occci187¢0
0CCC1lEEC
occciase
00C€C190¢C
0G¢ccls1cC
gccclgzc
0gcc1s929
CGCL194C
03001950
ccCcC196C
occcl9ia
occc1lssaQ
occcissce
occcaeococ
g(Cce01lcC
00002020
gccLzeic
030602040
0CCC2G05¢C
0C0CC2060
occcaco7¢
gccczcoec
occc2cesc
00CCz1GC
gcccz1ic
ccccz1ec
00002130
gCCC214cC
030cC2150
gCcCceléc
0gccz211c
0CCcC218c
occcziso
0cccza2¢e
grcce2ic
00002220
0CCC223¢C
000C2240
0CCC225¢C
0CC(22¢€0
090C227¢C
gCcc228cC
990C22s0
gcCcc23cce
03002310
0cccz23ac
0cccz22¢
00CC2340
occcz3so
000C23¢€0
€CcCc237¢
00cC23¢0
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500

550

4«00

RCL

TN=2,C2*K

FX=0.C

FY=C.C

MZI=0.C

YN=2,C%*H

J=—NY

Jd=J4+1

IF{JCT.NY=-1)GC TC 4CGC
I=E(J4NY +1 )

PIJL=1
P={LE{J#NY+1)-1%k)/2.0-H/3.C
YP=J%K
C=PE{X{TINX+ 1 JENYH1)4XINX+ 1-1,J+AY+ 1))
S=PHLIY{ItAX+L,J+AY+1 I+YINX+]1-1,J¢tAY¢ 1))
D=pP*xI*HX LY (I +NX+1oJ4NY+1)=Y (NX+1-1,J4NY+1)})
P=2.0%H/2,C

=~PlJiL-1

I=1+1

IfF {1.6T.PIJLIGC TIC E5C
C=CAP¥X({ TeNX+1,J4NY+1)
D=D+P*I*H*Y{I+MX+]1,J4NY+1)
S=SHPAYII#NX+14J4AY 41}
P=YN-P

GO TO0 50¢C

FX=FX+T%*(

FY=FY#+T%§

MZ=MZ+T*{C-YP*(C)

T=TN-1

GO TO 940

CCATINUE

RETURN

ENC

51

07002390
cCcc24¢6cC
0C€CC241¢C
00CC2420
0CCCz42C
00002440
0CCC245C
000C24¢€¢0
GCCC247C
0CCC2480
0CCC24SC
6CcCC2sce
0GCC251¢C
occcesac
000C2530
gccczs4¢
04CG2550
cccc2sec
0ccC251¢
0cccesec
000C2549C
006CC2640¢C
0CCCZ61C
080C2620
G6CCC263C
000C2640
0CCC265C
0CCC266C
0190C2617C
0CCC26EC
000Cc26S0
gccc27cc



oo

CCnsd

SUBROUTINE CONST{(A,ByNU,11,C22,C23,C33,CS)
DIMENSICGN AL{S) +BE(E)4C0(15) 4E(154220) sARI2C)4CAT(S),01(15,91),
$02115,51,C3(15),C4(15)
*&xk% DATA E(I,J) GIVES LIMNEAR CREEPAGE ANC SPIN CCEFFICIENTS**#%00CC2740
3% % RANLC CS FRCM KALKER REFCRT TABLE 1 *%*%&kkddddkdidkkikgktrk
&¥%%%x VALID FCR A/E GREATER THAN CR ECUAL TG 0.1

REAL NU

CATA TC1/

$ 2e51ls 3231, 4.85, 2451y 2.52y 2.53y 0.334, 0.4134 C.T731, 6.42,
$ 8.28, 11.7, C.7€7Cy 05752, (.3825,

$ 22599 337y 4481, 245Gy 2.€3, 2,66, 0.483y C.6C3, 0.809, 3.46,
$ 4.27y 54669 C.S€CE8y 0.4206, C.28C4,

$ 2.68y 344y 4.8Ce 2.68y 2.759 2.81y 0.€C7y Co71%, C.E89, 2.49,
$ 2.96y 3.72¢ C.417S9s 0.3584, C.2350,
$ 2789 353y 4482, 2.78y 2.884y 2.58y 0.72Cy (.823y C.ST7y 2.C2,
$ 2432y 2477y Ca4243, 0.32257, C.21172,

$ 2.88y 3462y 4.83, Z2.88y 3.C1ly 314y 0827y $o92%y 1.C7y 1l.74,
$ 1.93y 2.22y C.4CES,y C.3066, C.20C44,

$ 2.981 3.729 4.9‘, 2.98’ 3. ll" 3.31' 0.93(:1 1-G~31 10180 1.561
$ 1l.68, 1.8€6, Ca3S34,y C.2950, C.19€7,

$ 32099 3.8ly 4.57y 3409y 3.28y 3448y 1leC3y laldy 129, lo43,

$ L.50, 1.6C, C.384C, 0.2880, 0.1920, _

$ 32199 3.91y 205y 2418y 3441y 3.€5, 1le13, 1.255 1.4Cy 1.34,

$ 1.37y 1.42, C.37€5, C.2839, C.1892,

$ 3.299 4.01y Sel2y 242Gy 3ef4y 3.82y 123y 1e36y 151y 127,

$ Lle27y 1427, Co27%8, 0.2818, C.1879/

CATA C2/

$ 3,409 4.129 5.209y 2.40y 3.€7y 3.58y 1a23, 147y 1.629 1l.21,

$ 1.19y le.lé, C.375Cy C.28124 C.1875,

$ 3e51y 44229 5.30¢ 251y 3€1ly 4169 1o44y 159, 1774 lal6y

$ l.11, 1.C€, C.3275€, C.2818, C.1819,

$ 32659 4436y 42y 3465y 34SS) 4429y 1e€E€y 175y 1494, 1.10,
$ 1.C4, C.%54, C.278%, C.283G, 0.1E92,

$ 3.829 4549 £.5E8y 2.B29 4e2ly 4467, 1o7€y 1255, 24189 1.05,

$ C.965, C.852, C.284C, C.28EC, 0.1920, '

$ 4.069y 4.7€y B.ECy 4406y %e%Cy 5.04, 2.Cly 2.23, 2.505 1.01,

$ 0.8%92y C.751y Co3634, (0.295Cy 0.1967,

$ 4.37y 5.1Cs €ally 4437y 4eSCy 556y 2435, 2.62, 2,969 0.558,

$ 0.819¢ CoebS5Cy C(o4CESy Co30€€, 0.2044,

$ 44849 551y 6657y 4.84y 5.484 6431y 2.88y 3.24, 3.7Cy C.912,

$ 0.747, Co549, Co4343, C.32%7y 0.4172y

$ 557y 634y T34, 5,57, 6.4Cy 751y 3,79y 4432, .01y 0.868,

$ 0.674y Codh4€, C0.4T17Sy 0.35€E4, 0.239C,

$ 6.G69 TolEy B482y €456y Balby 9.79, 5.724 6.63, 7.89, 0.828,
DATA C3/ . '

$ 107, 11279 12.Sy 1CaTy 12.8y 160y 12,25 14.69 1€E.05 J7S5,

$ 0.562' 04228, C-767C1 005752' 0.3835 /

DATA C4a/ :

¢ 11.08, 12.G1, 13.,1C, 11.08, 13.3E,y 16.5C, 12.72, 1€.24, 2C.20,
$ 0.78%y C.S52,y C.2CE,y C.791Ey 0.5G38y 0.3959/

DATA AR / C-1,0.2,0-3,0-‘0'0.5'0.6'(:. 7'0-51(‘9'1.(:' l. 111111,
$10251124285T191.€€€€€7,2,0924503.233333,5,(041C.Csl1.C/

£0 6 I=1
CC 5 J=1

215
+S

E{1+J)=D1{1,J)
E{1,349)=0211,J)

E(1,195)=

C3(I)

52

gcccaric
QCCcCc272C
0CcCc273cC

0CCC2175¢C
eCcCc276cC
0J0027170
gccczarec
Qgcc2isC
occceecc
occcselc
ogcczeac
0cccz83c
J0C02840
OCCCZESC
030028¢€0
Qccc2elc
Jlcczaeo
occczesc
0CCcC29CC
0ccczs1c
0CcC(2%2¢C
0GCC2930
0CCCZ94C
030C29590
gCCC2seC
03¢6C€29170
0CC(2SEC
0gcc29sc
ocCc3cce
gcccaclc
0cccz2o020
0CCC3C3¢
00cc3040
0ccc3e5¢
00CC30€0
Q0CCcCacac
03003080
0CCC309¢0
030G3100
0CccC311cC
0ccc212¢
accd313ge
0CCC314C
0CCC315¢
cCcc21¢60
230021170
occcalsc
230C31s%0
0C(CC32¢CC
0¢ccazio
0GC(222¢C
0a6cCc3223cC
0CCC3240
ggcc22sce
030C32¢€0
0CCC321C
20GC3280
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E(1,20)=04(1) A 020C3290
PI=3414156 : . occe33cc
RG=A/8 030C3310
IF(RG.GT.AR{2C)) €C TO 14 ‘occe33ac
GC TC 15 - ©0€CC323¢
SG=8/A : . 0CCC334C
GAM=ALCG{(1€.C/{SC*SG)) _ 00cCC33¢50
Cl1=2.0%P1/(SGH*{GAM—2.0%NU) I*{1.0+4{ 1.6127C¢ ) /{CAM~-2,0%NU)) 00C033¢0
C22=({ 1.6137C€ 1¥(1.0-NU})/{2.0%NU+CAN#{1.C~-NU}) 0CCC337C
C22=2.0%PI*{1.C+C22)/{SC*¥{2.0*NU+GAM*(1.GC~-NU))) 00003380
C23=2.0*%PI/{ (SCRT(SCI*SC¥3.C)*({ 1.0-NUI*CAM-2,0+4.C*NU)) - 0CCC33sC
C33=PI/4.CH¥(GAMK(1.C-2.0%¥NU)-2.0+6.0*NU) /(GAME{ ] .C-NU)~-2. c+b.o*zcgouoowboo
CS=3.0%{1.0-NU)/(4.CHPI*SQRT{SG)) 0CCC341C
GC TC &80 : 0CCC342C
DO 20 I=2,2¢ 0CCC343C
IF(RG.LE.AR{I}) GC TC 25 . 00CC344C
CCNTINUE 4 0€CC3450
J=1 CCCC34¢€C
L0 30 I=1,1% 0003470
DUI)= manwglmvo.m—— JI=E(I4J-1))%(RG-AR{J-1}I/LARWJI-AR(JU-1)) GCCC348C
PO 40 I=1,°% 030C34S0
AL(I)=8.C*{C(3*%])-2. nsc—u#~ 1)+D(3%]-2}) 0CCC35¢CC
BE{I)=2.C*{-0{3%[)44.0*C{3*1-1)-3.0*%0{3%]-2)) 00CC351¢C
CNTUI)=ALCT)ANUS24EELT )XNU+L(3%1-2) _ 00CC352¢0
Cl11=CANT(1) . . 00CC3530
€22=CAT¢{2) ‘ 06CCC3540
€C23=CNT{3) 0CcC355¢C

€C33=CNT (4) 030035¢C
.GS=CNTI(5) . : ) 0ccC351¢
CONTINUE - ‘ : acgc3seo
RETURN . _ . 0ccC3ssc

END : m . : o . 0CCC3600C



A= 2.5980E+00
B= 3.8490E-01
NU= 2.8000E-01
UXN= J.90
UYN=-1.4000E+00
PHN= 8.J00uE—-VUl
NXx= 10
NY= 140
DM= 4.9U0J90E-02
FXN= 8.9034E-07
FYN==3.47J3E-J1

A= 2.5980E+0
B= 3.8490E-01
NU= 2.8000E-01
UXNs 0.9
UYN=—-1. 4000E+00
PHN= 8.0J0JE-01
NX= 40
NY= 20
DM= 4. 0000E-02
FXN= 8.6427E-07
FYN=—3.4689E-01
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