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I. INTRODUCTION 

Background

The forces and moments 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 linear and angular 

motions (lateral, longitudinal, and spin creepage) between the wheel 

and rail. Hobbs [1] presents a review of the analytical and experimental 

work concerned with the creep force/creepage phenomenon.

For many problems in rail vehicle dynamics a linear creep force/ 

creepage relationship has been used. Typical of these are eigenvalue/ 

eigenvector analyses of lateral stability, lateral forced response 

studies, and estimation of slip and flange contact boundaries for steady 

state curving. It is widely recognized that the best available linear 

creep law is that due to Kalker [2] and called the "linearized 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 interaction process.

Factors that should be considered in these models are: (1) the non

linear wheel/rail geometric constraint functions arising from curved 

or worn wheel and rail profiles; and, (2) the effects of adhesion 

limits on the creep force/creepage relationship (i.e. a nonlinear creep 

law).

[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.
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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 for 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 Rolling Contact Between Two Elastic Bodies in 
the Presence of Dry Friction," Ph.D. Thesis, Delft University of 
Technology (1967).
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A portion of the work being conducted under contract D0T-0S-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 limits 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 convert 

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 calculated by the original 

Algol program and with available experimental results. It is anticipated 

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 F0RCES 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.
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The problem analysed in [2] and considered in the computer code 

is for steady rolling contact of two elastic todies of equal linearly 

elastic material properties and having both longitudinal and lateral 

creepage and spin about an axis normal to the contact surface. The 

appropriate geometry is given in Figure 1 of [2].

Approximate solutions to three 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 vanishingly 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, equations (11) to (13) of [2]. The second 

solution, "Steady-state rolling with pure creepage", is presented on 

page 5, equations (15) to (21) and considers finite slip with a 

resulting nonlinear relationship between the resultant creep force and 

the creepage. The present computer code is for the third solution, 

"Combined creepage and spin: a numerical method", 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 equal 

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 aiso deter

mined. In the actual solution, the static Hertzian contact problem is
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first solved (see [7] page 55, or [8] page (414) to determine the dimensions 

of the contact ellipse, a and b. The resultant creep forces and moment,

Fx, F , and M_, are then determined knowing the parameters a, b, N, G, 

v, v, vx, v , and <j> where:

Fx = longitudinal 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 longitudinal direction

b = semi-axis of contact ellipse in lateral direction

N = resultant normal load on the contact region 

G = shear modulus 

v = Poisson's ratio

vx, Vy = longitudinal and lateral creepage 

<j> = spin creepage

This is the same problem considered in [7] and referred to as the "exact"

solution. The only differences in the solutions presented in [2] and [7]

lie 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:

u(x,y) - SxX ^xTxz equation (9), [2]

v(x-y) * V  = - V y z

[8] S.P. Timoshenko and J.N. Goodier, Theory of Elasticity, 3rd Ed., 
McGraw-Hill Book Company (1970).
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where u(x,y) and v(x,y) are the tangential displacements in the

longitudinal and lateral directions and t and t are the shearxz yz

stresses. The "exact" relationships for the tangential displacements 

as given in [7] are

u(x,y) =
M M-m , m  n

= E E a x y mnm=o n=o

v(x,y) =
M

= E
M_m m n E b xmyn mnm=o n=o

equation (2.2), [7]

The two elastic constants S and S of [2] are determined explicitlyx y

in terms of the elastic properties G and v, the contact ellipse 

dimensions a and b and the creepage and spin coefficients (see 

equations (13) and (41) - (47) of [2]. It is important to note that Sx 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 amn and bmn in [7] 

is much more complicated than that used to determine Sx and 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].

= LxX = - LxTxz,and 

v£ " LyY “ _ LyTyz’

where Lx and L 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
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Sx = 8b/(15C33G) + Lx and,

Sy = 7ra3/2/(4b1/2C23G) + Ly

and in the calculations of forces

Sx = 8a/(3CnG) + Lx and

Sy = 8a/(3C22G) + Ly .

If no layer 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 assumed 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 

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] is that the normal stress distribution over the 

contact region is assumed to be of the form given by (14.Ill) rather 

than the Hertz stress distribution of (14.1). It should be noted that the
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Hertzian distribution is used to determine the contact region dimensions 

a and b. Equation (14.Ill) 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 contact area. The functions A(y) and 

B(y) in (14.Ill) are

A(y) = 0.5 (l-(y/b)2)_is(l-(0.9)2)"% and

B(y) = -0.5 (l-(y/b)2)%(l-(0.9)2)i5.

Numerous changes 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, "SUBR0UTINE F0RCES".
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II. DESCRIPTION OF COMPUTER CODE FOR COMPLETE SOLUTION

A. PURPOSE

This program and associated subroutines compute the lateral and 

longitudinal creep forces and the spin creep moment acting between two 

elastic bodies in steady state rolling contact. The bodies are of 

equal linearly elastic material properties and have longitudinal and 

lateral creepage and spin creepage about an axis normal to the 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 three 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 R0L is the solution 

portion of the program and determines the region of slip 

or adhesion within the contact zone. Subroutine C0NST 

determines the linear creepage and spin coefficients, C..,
* J

and the normalized modulus GS by linear and quadratic inter

polation from Kalker's table [7J.

2) Subroutines Required:

SUBR0UTINE MAAKZ (P, Q, WZ, DZ, D2Z, A, B, MUZ) determines the 

assumed normal stress as given by equation (14.III).

SUBR0UTINE R0L (CS, GEL, MUZ, NX, NY, X, Y, VX, VY, G, FX, FY, MZ) 

determines the region of slip or adhesion and computes the
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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.

SUBROUTINE CONST (A, B, NU, Cll, C22, C23, C33, GS) determines 

the linear creepage and spin coefficients, Cll, C22, C23, and 

C33 and the normalized modulus, GS, by linear and quadratic 

interpotation from Kalker's table, [7]. These values are 

used in MAIN to determine the normalized stiffness SXN and 

SYN and the spin constant HC.

3) Description of Input 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 c = /ab is 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 = LnN/c4, LYN = L^pN/c4. Inverse stiffnesses x y
of an elastic layer covering the bodies. N = resultant 

normal force and 1/p = 1/4 (1/Ri + 1/Ri + I/R2 + I/R2) 
with R*, Rl> R2» R2 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:
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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 DM is an incremental step in the computation.

Accuracy increases with decreasing values of DM. 

Typical value, DM = 0.02A. Input.

NF 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.

NS 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 NV2 is the integral number of sets of UXN, UYN,

PHN to be considered. Input.

UXN, UYN UXN = vxp/yc, UYN = vya/yc where vx, are the

longitudinal and lateral creepages, y = coefficient 

of friction. See equation (6). Input.

PHN PHN = <j>p/y where <j> is the spin creepage. See

equation (6). Input.

4) 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 NV.l > 1, 

there would be NV1 sets of the group of cards after the first 

card.
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Card
Number Input Data

1 NV1 = 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.

5) Description of Other Parameters in Program:

----Cll, C22^ tongftuclinal, 1 ateralT~Tateral7spin, and spin
C23, 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/(4ir/g~) where E = 

complete elliptic integral of the 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.
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MU MU = 11 = coefficient of friction. All variables are

normalized so that y does not explicitly appear.

SXN, SYN SXN = S pN/c1*, SYN = S pN/c4. Inverse stiffnesses
A y

of the elastic bodies. See equations (9), (43), (44),

and (47) for the form of Sv, Sw to be used to
x  y

determine the resultant forces and equations (42) 

and (46) for the appropriate form to determine the 

resultant moment.

For forces let

SXN1 = 8A/(3CnGS), SYN1 = 8A/(3C22GS) 

and

HC1 = 32 /B/A C23/(37rC22) > then 
SXN = SXN1 + LXN 

SYN = SYN1 + LYN

HC = (SYN1 + LYN)/(SYN1/HC1 + LYN).

For moments,

SXN = 8B/(15C33GS) + LYN,

SYN = ttA/(4/b7A~ C23GS) + LYN, and 

HC = 1.0

The C^. are the linear creepage and spin coefficients, 

[7]. SXN, SYN, HC and the C-. are determined
* J

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

LYN.

6) Output: 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, are also printed 

out as are 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 with the computed values of the normalized 

longitudinal and lateral creep forces, FXN and FYN, or the 

computed value of the spin creep moment, MZN (depending on 

whether NF = 1 or NF = 2). If NS = 2, the output is as 

described above. If NS = 1, the normalized coordinate points 

X, Y over the contact region and the values of the stresses 

(TX, TY, TZH, TZK) and slip components (VX, VY) are given at 

each point.

The Fortran names used in the program output are the

following:

UXN, UYN,

PHN

FXN, FYN 

MZN 

X, Y

center of the contact ellipse.

Repeated program input variables.

FXN = Fx/yN, FYN = Fy/yN. Normalized resultant 

longitudinal and lateral forces. Computed.

MZN = Mzc/yN. Normalized resultant moment. 

Computed.

X = x/c, Y = y/c. -A < X < A, - B < Y < B. 

Normalized coordinates Where x and y are 

longitudinal and lateral distances from the
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TX, TY

TZH

TZK

VX, VY

Normalized shear stresses.

TX, TY = - txzc V pN, - Tyzc3/PN,

A X Z + TYZ < TZK for no slip,

/TXZ + TYZ = TZK for slip.

TZH = 3/(2ir) A -  (X/A)2 - (Y/B)z = Normalized 

Hertzian stress on the contact region. Given 

for reference only. See equation (14.1).

TZK is the assumed normal stress distribution 

over the contact region, see equation (14.III).

TZK = (F)(A) A1(Y)(1-(X/A)2-(Y/B)2),X>0.9L(Y)

TZK = (F)(A)(/1-(X/A)Z-(Y/B)Z + B1(Y)),X<0.9L(Y) 

where L(Y) = A /1-(Y/B)Z

A1(Y) = 0.5 (1-(Y/B)2)-1/2(1-(0.9)2)'1/2

B1(Y) = - 0.5(1-(Y/B)2)1/2(1-(0.9)2)1/2 

and (F)(A) = 0.656773, such that the resultant 

normal force =1.0.

Normalized relative slip components. VX, VY =

vvp / (Vyc), v p / (Vyc) where V is the rollingx y
velocity and vx and vy are the longitudinal 

and lateral components of the relative slip 

velocity.

7) Summary of User Requirements and Recommendations

All 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 = 0 

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

A listing 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 F0RCES is a version of the complete code discussed in 

Chapter II that has been converted to subroutine form. All the WRITE 

statements have been deleted as has the calculation 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 wheel set are much smaller than the yaw moment about the wheel set 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 list are:

SUBR0UTINE F0RCES (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. All discussion of users' requirements and 

other program descriptive material is as outlined for the complete 

code in Chapter II.

The purpose of F0RCES is to compute lateral and longitudinal 

creep forces acting between two elastic bodies in steady roiling contact. 

The bodies have relative longitudinal and lateral creepage as well 

as spin creepage about an axis normal to the contact region.

F0RCES may be used as a subroutine within other Fortran programs 

developed for calculating the lateral dynamic response of rail vehicles.

It addresses only one wheel and must be called for each wheel separately.



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 listing and a sample test problem using SUBR0UTINE F0RCES i 

given in Appendix B.
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C
C
C
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C
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c

CAT/* CARC #4

THEN SXN1=6*B/I15*C33*GS), SYN1 = PI*A/C4+SCRT(B/A10CGCC590 
*C23*GS), AND SXN=$XN1*LXN, SYN=SYN1+LYN, HC=1.C 0CCCC6CC 
SEE EQUATIONS I 421,<43).(46), AND 147). 0GCCC61C 
NS ITO PRINT OUTPUT ON THE CONTACT REGION,NS=1, 0GCC062C 
TO SUPPRESS ALL OUTPUT EXCEPT THE RESULTANT 00000630 
FORCES OR MOMENT, TAKE NS=2), INTEGER 0CCCC64C 
NOTE: FXN-FX/(MU*ty), FYN=FY/{MU*N), O0GG065G
MZN=MZ*C/(MU*N) 0CCCC66C

NV2
00GC0670
0CCCC68G

-TYPICAL /• l : 1 GCCCC69C
0CCCC7CC

SOLVES NV2 PROBLEMS FOR DISTINCT VALUES OF OCCCC71C
CREEPAGE AND SPIN GIVEN ON NV2 CAPOS 5), INTEGER 00000720

CCCCC73C
DATA CARC #5 L>N,UYN,PHN 00000740

TYPICAL CARC: O.C 2.0 C.4

UXN AND UYN ARE NORMALIZED CREEPAGES, PHN 
IS THE NORNALIZEC SPIN), REAL 
LXN=UX*RHC/IMU*C), UYN=UY*RHO/{MU*C), 
FHN=PH*RHO/MU

***** NCTE: ALL VARIABLES HAVE BEEN NORMALIZED SUCH 
***** THAT THE COEFFICIENT CF FRICTION, MU, DOES NOT 
***** EXPLICITLY APPEAP.

0CCCC75C
00CCC76C
GCCCC77C
CCCCC78C
00000790
occccecc
00000810
0CCCC82G
00CCG830
0CCCG840
0CCCC85C
GCCCC86G
0CCCC87C

COMMON A,B 000C0880
DATA X,Y,Z,ZH,VX,VY,G/6561*C.0,6561*C.0,8561*0.0,6561*0.C,6561*0.COGCCC890

i,6561*0.C,61C*C.C/
PI = 3. 14159 
GR=P I /18C-.C 
READ!1,*)NV1 
DO 999 I 11=1,NV1 
VRITE13 » 96E )

1040 READ 11 * *, END5=9999 }A,B,NU,LXN,LYN 
IF!A/B.LT.C.l) GC TC 998

0CCCC9CC
0CCCC91C
OGCCC920
00000930
0CCCC94C
00000950
0CCCC96C
00000970
0CCC098C

1021

0CCCC990
SUBROUTINE CONST COMPUTES THE LINEAR CREEPAGE AND00001000 
SPIN COEFFICIENTS, AND THE NORMALIZED MODULUS 0CCC1C1C 
FRCM KALKER'S TAELES AND ASYMFTCTIC EXPANSIONS. 00001020 
VALID FOR A/B EQUAL TO CR GREATER THAN 0.1 . 0CCC1G3C
THESE VALUES ARE USED BELCH TO CCMPUTE THE 00001040
INVERSE STIFFNESSES SXN AND SYN. 0CCC1C5C

0CCC106C
OCCC1070

CALL CCNSTIA,B,NU,C11,C22,C23,C33 ,GS) 
REAO II,*,END=9595 ) NX,NY,DM,NF ,NS
IF(NS.EC.1) GC TC 1021 
MX=3*NX 
MY=3*NY 
LY=3*NY 
GO TO 1022 
MX=1 
MY= 1

occcicec
00001090
ccccucc
OOOClllO 
CCCC112C 
0CCC1130 
0CCC1140 
0CCC115C 
OC0C1160
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F A I N 27

IF IG(J*NY ♦I»1J.LT.O.C) WRITE(3,90071C 0CCC175C
IF(G(J+NY+1,1l.GE.C.C) WRITE(2,9 0081 C 00001760

C DOOR: 00CC177C
1340 GO TO 1260 00001780
1345 CONTINUE 0CCC179C

IF(MY.GT.2*NY)GC TC 1530 O0CC180C
J=NY 0CCC1810

1350 J=J-KY 0CCC182C
IF(J.LX,4-N>)GC TC 1520 000C1830

^C=FLCAT(J)*B/FLCAT(NY)---- OOCC184C
WRITE(3 » 9CC5) 00001850
WR ITE(3,9006 iC 0000186C
WRITE(3*9CC9) 0CCC187C
I=— NX—MX 0CCC188G

1400 I=I+MX 0CCC189C
IF(I#GT.NX 1GC TC 1515 QQCC1900
IF(Z( I+NX+l,J+NY+l)«LT«l. E-8*MUZ 1GO TO 1510 0CCC191C
P=FLOAT(I1 * A / F L C A T ( N X1 00001920
F (X1=Z( H N X  + l, J-HVY+l 1 0CCC193C
FIX6=ZHU*NX+1, J+NY+11 O0CC1940
TX=X( I+NX + 1,J+NY+1) 0CCC1950
TY= Y( I+NX+l,J+NY+1) OCCCI960
UX=VX(I+NX*l,J+NY+1) 00CC1970
UY=VY(I+NX*1,J+NY*1) O0CC1980
FIX2=SQRT(TX*TX+TY*TY1 00001990
ARG-1.0 0CCC2CCC
IFC TX.LT.C.C)ARG=-1.C 0 0 0 0 2 0 1 0

ARG=ARG*ATAMTY/(AeS(TXH-l.E-8))/GR + 90.C*( l.C-ARC-1 CCCC2C2C
FIX3=ARG OCCC2030
ARG=l.O 0CCC2040
IF(UX.LT.O.O) ARG=-1.C - 0CCC205C
ARG=ARG*ATANIUY/(ABS(UX) + 1.E-8)1/GR+90.,C*( l.O-ARG) OCCC2060
FIX4=SQRT(UX*liX+UY*LY) OCCC2070
F IX5-ARG 00CC2080
WRITE(3,9C1C)P,FIX6,FIX1,FIX2,FIX3,F1X4,F 1X5 0CCC209C

C VERGER: 0 0 0 C210Q
1510 GO TO 14CC 0CCC211C
1515 GO TC 135C 0CCC2120
1520 WRITEI3,90011 00CC213C
C NEXT: 00CC214C
1530 CONTINUE 0GCC2150
997 CONTINUE 0CCC216C

GO TO 999 00002170
998 WRITE(3,9791 0CCC21€C
999 CONTINUE 00002190

9999 WRITE(3,9998 1 OOCC22CC
STOP OOCC221C

963 FORMATI*I*,///,763» 'PROGRAM WITA-SRT,f/,T53»'SIMPLIFIED THEORY OF 0 0 0 0 2 2 2 0

iROLLlNG CCNTACT*,/,T64,*BY J.J„ KALKER*,/,T56,*MCC IF IED AT CLEMS0N0CCC223C
$ UNIVERSITY* ,/,T61,'DEPT. OF MECH. ENGR.* ,/»T66,'CLEMSON , SC*,//) 00002240

969 FORMATI////,58X,****** INPUT PARAMETERS ******,//) 0CCC225C
970 FORMATILtX,* NORMALIZED CONTACT DIMENSIONS A=•,1PE1L.4,IOX,*(00002260

$ A=A1/Cl„ 8=81/CI, WHERE C1 = SCRTI A1*B11,•,/,32X,•(CARD #21* 0CCC227C
*B=*,1PE11.4.1CX,*1 A 1 »B1 ARE ACTUAL CCNTACT DIMENSIONS•,//» 0CCC2280 

$ 30X» * PCISSON S RATIO NU=*,1PE11.4,/,33X,•I CARD #2)0CCC229G
$*,//,28X,'LAYER STIFFNESSES LXN=•,1 PEI1.4,/,33X,»(CARD #2)*, 00CC2300
I 8X, *LYN='« 1PE11.4»/l 0CCC2310

972 FORMATI 26X,'NUMERICAL CONSTANTS NX=«,I3,/,31X,'(CARD #3)', 00CC2320



M A I N
28

9 7 3

9 7 4

9 7 5

9 7  7

9 7 3

9 7 9

9 0 0 1
9 0 0 4

9 0 0 5
9 0 0 6
9 0 0 7
9 0 0 8
9 0 0 9

9 0 1 0  
9 9 9 8

$ 1 1 X » • N Y = •* I 3 * / » 5 1 X , * D M = ' , I P E 1 1 . 4 » / » 5 1 X »
$ ' N F = » ,  1 3 , 1 0 X , * ! N F = 1 , F O R C E S  C O M P U T E D ;  N F = 2 , M O M E N T S  C O M P U T E D ) * ,
$ / , 51X ,
$ * N S = * , I 3 , 1 0 X , ' ! N S = l ,  F U L L  O U T P U T ;  N S = 2  O N L Y  F O R C E S  OR M O M E N T S ) ' , /  
$/// )
F O R M A T (4 7 X , * * * * * *  P A R A M E T E R S  C O M P U T E D  A N C  U S E D  IN P R O G R A M  * * * * * *  

$ , / / ,  15X , ' C R E E P A G E  AND S P I N  C O E F F I C I E N T S  C 11= * , I P E 1 1. 4 ,/,
$ 5 0 X , ' C 2 2 = * , l P E l l - 4 , / , 5 C X , ' C 2 3 = ' , l P E l l . 4 , / , 5 0 X , * C 3 3 = ' , l P E l l - 4 , / / ,
$ 2 1 X , ' N O R M A L I Z E D  S F E A P  M O O U L U S  G S =  * » 1PE 1 1 . 4 , / / ,  1 5 X , -  — ----
S N O R M A L I Z E O  I N V E R S E  S T I F F N E S S E S  S X N ^ 8 , I P E l 1 . 4 , / , 5 0 X , • S Y N = ',
$ 1 P E 1 1 . 4 , / / / / / / l  
F 0 P M A T I 4 2 X , * * * * * *  N V 2 = ' , I 2 ,  

$T * * * * * * , / , 4 5 X , * * * * * *  V A L U E S  
$ * , / / )

0 C C C 2 3 3 0
0 C C C 2 3 4 C
0 C C C 2 3 5 G
0 0 0 0 2 3 6 0
0 C C C 2 3 7 C
0 0 0 0 2 3 8 0
0 C C C 2 3 S C
0 C C C 2 4 C 0

LQ.CCC241C
OOCtS^MCL^
0 C C C 2 4 3 C

' D I S T I N C T  P R O B L E M S  F C L L G W  F O R  D I F F E R E N 0 C C C 2 4 4 C  
OF N O R M A L I Z E D  C R E E P A G E  A N D  S P I N  * * * * * 0 0 0 0 2 4 5 0

0 C C C 2 4 6 C
L X N = * . 1 P E 1 1 . 4 , / ,F O R M A T ! / / , 1 7 X , ' N O R M A L I Z E D  C R E E P A G E  A N D  S P I N  

$ 2 3 X , ' ( INPU T C N  C A R D  #5)',
$ 9 X , * U Y N = ' , 1 P E 1 1 . 4 , / , 5 C X , * P F N = * , 1 P E 1 1 . 4 , / / )
F O R M A T !  2 4 X , ' N O R M A L I Z E D  F O R C E S  A R E  F X N = • , I P E 1 1 . 4 , / ,25X ,

$ ' ! C O M P U T E D ) * , 1 1 X , * F Y N = * , 1 P E 1 1 . 4 , / / , 2 4 X , ' R E S U L T A N T  F O R C E  
$ R E S = * ,  1 P E 1 1 . 4 , / , 2 4 X , ' ! R E S = S C P T ! F X N * * 2 + F Y N * * 2 I )' ,//)
F O R M A T !  2 5 X , ' N O R M A L I Z E D  M O M E N T  IS 

$ 3 0 X , '!C O M P U T E D )' */ /)
M Z N = * , 1 P E 1 1 . 4 , / ,

0. 1 
,//)

***** t,/,F O R M A T ! / / , 5 8 X , * * * * * *  A/B L E S S  T H A N  
$ 5 8 X , * * * * * *  W O R K  N E X T  P R O B L E M  * * * * * *
F O R M A T ! 1 H 1 )
F O R M A T ! / / ,  53 X, * * * * * *  C O N T A C T  R E G I O N  F O L L O W S  * * * * * * , / ,

$ 1 0 X , * X  A N D  Y A R E  N O R M A L I X E O  C O O R D I N A T E S ,  X IN T H E  P O L L I N G * , / ,
$ 1 0 X , ' D I R E C T I O N ,  X»Y = X l / C l , Y 1 / C 1  W H E R E  X I , Y 1  A R E  C I M .  C O O R D . * , / ,
$ 1 0 X , * T Z N = H E R T Z  S T R E S S  = 3 / ! 2 < P I ) * S  CRT IP), F O R  R E F E R E N C E  O N L Y ' , / ,
$ 1 0 X , » T Z K = K A L K E R  N O R M A L  S T R E S S  AS A S S U M E D  IN T H E  P R O G R A M * , / ,  
$ 1 0 X , * T Z K = F * A * A 1 ( Y ) * P ,  FOR X . G E . O . 5 * L i Y I  • , / ,
$ 1 0 X , * T Z K = F * A * ! S C R T ! P ) + B 1 ! Y ) ), F O R  X . L E . C . 9 * L  ! Y )*,/,
$ 1 0 X , * W H E R E  P = 1 . 0 - X * X / I A * A ) - Y * Y / ! B * B ) , L I Y ) = A * S Q R T ! 1 . 0 - Y * Y / ! B * E ) )• 
$ / , 1 0 X , ' A l ! Y ) = C . 5 / S C R T I ! 1 . 0 - Y * Y / (  B * B ) ) * ! 1 . 0 - ! C . 9 ) * * 2 ) )*,/,
$ 1 0 X , * B 1 ! Y ) = - C . 2 E / A 1 1 Y ) ,  F * A = C . 6 5 6 7 7 3  , S U C H  T H A T  R E S  N O R M A L  F 0 R C E = 1 * 0 3 0 0 2 6 7 0  
$ , / , 1 0 X , ' TX AND T Y  ARE N O R M A L I Z E D  S H E A R  S T R E S S E S  ' ,/, 1 C X , * T X = - T A U X Z * 0 0 C C 2 6 8 G

0 0 0 0 2 4 7 0
0 C C C 2 4 6 C
0 C C C 2 4 9 0
0 0 C C 2 5 C C
0 C C C 2 5 1 0
0 G C C 2 5 2 0
0 C C C 2 5 3 C
0 C C C 2 5 4 0
C C C C 2 5 5 C
O Q C C 2 5 6 0
0 C C C 2 5 7 C
0 3 C Q 2 5 8 0
0 C C C 2 5 S G
0 C C C 2 6 C C
0 C C C 2 6 1 C
0 C C C 2 6 2 0
0 C C C 2 6 3 G
0 C C C 2 6 4 C

, 0 0 0 0 2 6 5 0
0 C C C 2 6 6 C

$ 0 * * 3 / ( R H G * N  ) , T Y = - T A L Y Z * C * * 3 / ! R H 0 * N ) • 
$ 1 0 X , * A B S ! T X , T Y )  L E S S  T H A N  T Z K  F O R  NO

,/,
S L  IP, E Q U A L  TO TZ K F O R

0 0 0 0 2 6 9 0  
SL I P '  , 0 C C C 2 7 0 C

SLIP C O M P O N E N T S ,  V X = V X 1 / V * R H C / ! M U * C ) • , 0 0 C 0 2 7 10$ / , 1 0 X , 'V X , V Y  A R E  N O R M A L I Z E D
$ / , 1 0 X , ' V Y = V Y l / V * R H O / ! M U * C ) , W H E R E  V X 1 , V X 2 = R E L .  V E L .
$ , ' A D J A C E N T  P O I N T S  AN D V = R C L L I N G  V E L . » , / / / / )
F O R M A T ( I H  )
F O R M A T !  I X , * * * * * *  Y * ' , 1 F 1 1 . 4 )
F O R M A T 1 1 0 X , ' A T  Y= • , IF 1 1 . 4 , 5 X , *T HE L E A D I N G  E D G E  S L I P S ' )
F O R M A T  !10X »•AT Y = ' , 1 F l l - 4 , 5 X , * T H E  L E A D I N G  E D G E  S T I C K S ' )
F O R M A T !  7 X , * X ' , 9 X , * T Z H * , 9 X , * T Z K *  , 5 X , •A B S  ITX , T Y )• , 1 X , ' A R G ! T X , T Y ) • , 

S 1 X » * A B S I V X » V Y ) * , 1 X » * A P G ! V X , V Y ) «)
F O R M A T ! 1 C F 1 1 . 4 )
F O R M A T ! / / / / 1 6 H IN P U T  E X H A U S T E D / / / )
E N D

B E T W E E N *  , / , 1 0 X O C C C 2 7 2 C  
O O C C 2 7 3 C  
O O O C 2 7 4 C  
0 C C C 2 7 5 C  
0 0 0 0 2 7 6 0  
0 C G C 2 7 7 C  
0 0 0 0 2 7 8 0  
O C C C 2 7 S C  
Q C C 0 2 8 0 0  
0 C C C 2 8 1 G  
0 G C C 2 8 2 C
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S U B R O U T I N E  M A A K Z (P . C . W Z . D Z » C 2 Z , A , B , H U Z )
K A A K Z  C O M P U T E S  T h E  N O R M A L  S T R E S S  AS G I V E N  BY E Q U A T I O N  1 4 . 1 II 
A W = L C Y 1  CF E C .  1 4 . 1 1 1
W Z = T Z K = A S S U M E D  K C F N A L  S T R E S S  CF EC- 1 4 - 1II 
C Z =  F I R S T  C E R .  O F  T Z K K I T H  R E S P E C T  T C  X 
R E A L  M U Z  
A L = G . 9
S = S Q  R T I I t  0- A L  * A L I  _
A W = A * S Q R T <  1-C— Q*C/B/fii-------~~-~-
PI = 3- 141 5 5 2 6 5 3 6
F = M U Z * P I / 2 . C / A / I A T A M A L / S )  + 1 2 .0 /3 .0 -AL + A L * A L * A L / 3  . C I / S I  
I F ( P - L E - A L « A W )  G C  TC 10 
l i Z = F * I A W * A W - P * P ) / 2 . C / A W / S  
D Z = F * P / A W / S  
D 2 Z = F / A K / S  
G O  T O  11

10 W Z = F * S Q R T I A W * A V i — P * P ) - F / 2 . 0 * A k * S  
I F ( A B S ( A K ) . E Q . A B S ( P ) )  G C  T C  12 
C Z = F * P / S C R T I A W * A K - P « P )
GO T O  11 

12 D Z = l - 0  
11 R E T U R N  

E N D

0 0 C 0 2 8 3 0  
0 C C C 2 8 4 C  
0 0 0 C 2 8 5 0  
0 C C C 2 8 6 C  
0 0 0 C 2 8 7 0  
0 C C C 2 8 8 C  
0 0 0 0 2 8 9 0  
0 C C C 2 9 0 C  
G 0 C C 2 9 10 
0 C C C 2 9 2 0  
0 G G C 2 9 3 G  
0 0 0 0 2 9 4 0  
0 0 C C 2 9 5 C  
0 0 0 0 2 9 6 0  
O C C C 2 9 7 0  
O C C C 2 9 8 0  
0 0 0 C 2 9 9 0  
0 0 0 0 3 0 0 0  
0 C C C 3 0 10 
0 C C C 3 C 2 C  
3 0 G C 3 0 3 0  
0 C C C 3 C 4 C  
0 0 0 0 3 0 5 0
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30

S U B R O U T I N E  R G L I C S , G E L , M U Z , N X , N Y ,  X ,Y, V X , V Y , G , F X , F Y , N Z )
REAL NUZ,M2,K,NU
I N T E G E R  PI JL
R E A L  LE€ 8 1 1
I N T E G E R  E(61)
C O M M O N  A , e
Cl M E N S  ION X I 8 1 , 8 1 ) , Y I 8 1 , 8 l ) , V X < 8 I , 8 1 1,VY I 8 1 , 8 1 ) ,

J G ( 8 1 , 1 0 I , C S ( 3 ) , G E L ( 5 )
u x = c s m
U Y = C S C 2 )
P H = C S  13)
D M = G E L (5)
S X = G E L ( l  )
SY=GEL(2)
A = G E L ( 3 )
8= G E L ( 4 I 
H = A / F L O A T ( N X )
K = B / F L C A T ( N Y )
P I = 3 . 1 4 1 5 5 2 6 5 3 6  
C Z P = M U Z * 2 . 0 / A / A  
J = — NY 

3 8 0  J = J + l
IF! J . G T . N Y - D G C  TC ICC
L E I J + N Y + 1 ) = A * S Q R T ( l . C - F L O A T I J * J ) / F L O A T ! N Y ] / F L O A T ( N Y ) )  
P = L E I J + N Y + 1 )
E ( J * N Y + 1 ) = 0 . S 9 * P / H  
I - - N X - 1  

401 1=1 + 1
I F I I .  G T . N X I G C  TC 2 G C
IF 1 1 « L T  , - E I J + N Y  * 1 ) » C P . I . G T . E < J + N Y + 1 ) ) G C  T C  15 
GO T C  10

15 V Y ( I + N X + 1 » J + N Y + 1 ) = C . C
V X I I + N X + 1 , J + N Y + 1 1 = 0 «C 
Yl I + N X + 1 , J + N Y + 1 ) = C • C 
XI I+NX + 1 , J + N Y  + 1 I = C - C  

1 0  GO TO 4 0 1
2 0 0  C O N T I N U E

DC 20 1 = 1 , 1 0  
20 G ( J + N Y + 1 , I ) = - 3 . C * A  

GO T C  3 8 C 
100 C O N T I N U E  

T H V = - 1 .0
IF(UX-PH*B.GE.C.C) THV=1.0
T H V = T H V * A T A N ( U Y / ( A 8 S I U X - P H * E ) * 1 . E - 0 8 ) ) + P I / 2 . 0 * f l . C - T H V I

C
J=— NY 

470 J=J+1
I F I J .  G T . N Y - 1 J G C  TC 3C0 
G = J * K
P = L E t J + N Y + 1 )
P G = P
C U X = U X - P H * C  
P I J L = 2  
C U Y = U Y + P H * P
C A L L  M A A K Z ( P , C , Z N , C 2 , C Z P « A * E * M U Z  )
X G = C . C  
Y G = 0 • 0 
X V = 0 . 0

00003060
GCCC307C
00 0C3080
0CCC3CSC
0CCC3100
0CCC3110
00003120
00C03130
0CCC314C
00003150
0CCC3160
00003170
0CCC318C
000C3190
0CCC32CC
0CCC321C
0CCC322C
0CCC3230
00003240
0CCC325C
00003260
0CCC327C
0CCC328C
0GCC3230
00CC33CC
OCOC3310
0CCC3320
00003330
0CCC334C
00003350
0CCC336C
00CC337C
0CCC3380
OCOC33SO
0CCC340C
0CCC3410
00003420
0CCC343C
00003440
0CCC345C
00003460
0CC03470
0CCC348C
OOOC344C
00CC35C0
0CCC351C
0CCC3520
00003530
0CCC354C
00003550
0CCC3560
0CCC3570
00CC358O
OCCC35SO
0CCC36CC
0CCC361C
00003620
0CCC363C
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Y V = 0 . C  
V V = C . C  
I—  EI J +NY + 1 )
G1 J + N Y + 1 * 1 1 = 1 .C
IF ( C Z ’S'CZ— C U X * C U X / S X / S X — C U Y * C U Y / S  Y / S Y . G T . G . C )  G O  TO 1G OI 

C S L I P  AT T H E  L E A D I N G  EDGE. D E T E R M I N E  T H E T A .
G I J + N Y * 1 » 1 ) = — 1.0

0 C C C 3 6 4 C
0 0 0 0 3 6 5 0
0 0 0 C 3 6 6 0
0 C C C 3 6 7 C
0 0 C C 3 6 8 0
0 C G C 3 6 9 G
0 0 0 C 3 7 0 0

T * - 1 . C
I F ( C U X . G E . O . O )  T = 1. C
T = T * A T A N ( C U Y / I A E S C C L X ) + I . E - C 8 ) ) + P I / 2 . 0 * I 1 . 0 - T )

0 C C C 3 7 1 C
0 0 0 0 3 7 2 0
0 C G C 3 7 3 C

C B E P T  0 0 0 0 3 7 4 0
1 0 0 2  S=SIN(T) 0CCC375C

C=CCSIT) 0CCC376C
NU=ICUX* S— CUY*C—CZ*ISX-SY)*C*SI/ICUX*C+CUY*S—CZ*ISX-SY)*(C*C— S*S))00CC3770 
T=T-NU 00CC378C
IFIABSINU).GT.l.E-03) GG TO 1002 00003790
THV=T 0CCC38CC
C=COSIT) 00003810
S= SIN IT ) 00CC382C
THE STARTING VALUE CF T HAS EEEN FOUND. THE OCCC3830
DERIVATIVE IS DETERMINED IN A SPECIAL WAY. O0CC384O
TP = (PH*C +CZP*I SX-SY »*C*S) / I CUX*C +CUY*S-CZ*I13.0*C*C-i.01 *( SX-SY ) 0CCC385C

$ - S X ) )  0 C C C 3 8 6 C
c n e x t g l  occc3erc
1 0 0 3  D = - D M  0 0 0 0 3 8 8 0

I F I P - C M . L E . I * H + 1 . E - C 6 ) 0 = I * H - P 0 C C C 3 8 9 C
PN=P+C
CALL MAAK2IPN,C,2N,CZ,CZP,A»B,MUZ1
TN=T+D*TP
S= S IN (TN )
C=CCSITN)
CUY=UY+PH*PN
TPN=ICUX*S-CUY*C-C Z* C*S*t SX-SY)J/ZN/ISY*C*C+SX*S*S I 
T=T+0.5*D*ITP+TPN)
S=S INIT)
C=COSIT J
XN=ZN*C
YN*ZN*S
V=CUX*SY *C+CUY *S X*S-CZ*SX* SY 
IF!V.GE.-4.E-05) GC TC 1004 
AN=VV/IVV-V )
IFIABSIVVI.LT.I.E-1C) AN-O.S
VV^O.O
AV=l.C-AN
GIJ+NY+1*PIJL)=AV*P*AN*PN 
PG=GIJ+NY+1« P I JL )
PIJL=PIJL+1 
P=PG
IFIPIJL.GT.10IPI JL=1C
XV=AV*XV+AN*XN
XG=X V
YV=AV*YV+AN*YN
YG=YV
GC TC 1006 

1004 CONTINUE 
C SLIP IN THE NEW PCINT

XV=XN 
YV =YN

0 0 0 0 3 9 0 0
0 C C C 3 9 1 C
O G C C 3 9 2 0
0 C C C 3 9 3 0
0 C C C 3 9 4 0
O 0 C C 3 9 5 0
0 C C C 3 9 6 C
0 3 0 C 3 9 7 0
0 C C C 3 5 G C
0 0 C C 3 9 9 0
0 C C C 4 C C 0
0 C C C 4 C 1 C
0 C C C 4 0 2 0
O C C C 4 0 3 0
0 0 0 0 4 0 4 0
0 C C C 4 0 5 0
0 0 0 0 4 0 6 0
0 C C C 4 C 7 C
0 0 0 0 4 0 8 0
0 C C C 4 0 5 C
0 0 C C 4 I C C
0 C C C 4 1 1 0
0 0 C C 4 1 2 0
0 0 0 0 4 1 3 0
0 C C C 4 1 4 0
0 0 0 0 4 1 5 0
0 G C C 4 1 6 C
0 C C C 4 1 7 0
O O C C 4 1 8 C
0 0 C C 4 1 9 C
0 0 0 0 4 2 0 0
0 C C C 4 2 1 C
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RCL

T N = 2 . C * K  
F X = 0 .0 
F Y = C . C  
M Z = O . C  
Y N = 2 . C * H  
J = — N Y  

9 4 0  J = J + 1
IF ( J . G T .  N Y - 1  )GC TC 4 C 0 
I = E ( J 4 N Y + 1 I  
PI J L = I
P = (L E (J + N Y + 1) - I )/ 2 « Q - H / 3 . C  
Y P = J * K
C = P * ( > ( I + N > + l , J + N Y + I ) 4 X ( N X 4 l - I fj 4 N Y + 1))
S = P *  1Y < I ♦NX + 1 , J 4 N Y 4  1 ) + Y ( N X + 1 - I , J + K Y + 1 H  
D = P * I * H * ( Y (  l 4 N X 4 l , J * N Y 4 l ) - Y  INX+ I—  I » J + N Y 4 l ) J 
P-2 «0*'H/3 «C 
I = - P I J L -1  

5 0 0  I — 14 1
IF ( I . G T . P I J L ) G C  TC 5 5 0 
C = C 4 P * X ( I 4 N X 4 1 , J * K Y 4 l )
D = D + P * I * h * Y C I + N X 4 1 , J 4 N Y 4 1 )
S= S + P * Y I  I 4 N X 4 1 , J 4 N Y 4 1 J  
P = Y N - P  
G O  T O  5 C C  

5 5 J F X = F X 4 T * C
F Y = F Y  + T* S 
M Z = M Z 4 T * ( D - Y P * C )
T = T N - T  
G O  T O  9 4 0  

4 0 0  C O N T I N U E  
R E T U R N  
E N O

0 C C C 4 8 C C  
0 0 C C 4 8 I 0  
G C C C 4 8 2 C  
0 0 0 0 4 8 3 0  
0 C C C 4 8 4 C  
0 C C C 4 8 5 C  
0 C C C 4 8 6 C  
0 C C C 4 8 7 C  
0 C C C 4 8 8 0  
0 C C C 4 8 9 C  
0 0 0 0 4 9 0 0  
0 C C C 4 9 1 C  
0 0 0 0 4 9 2 0  
0 C C C 4 9 3 C  
0 0 C C 4 9 4 C  
0 C C C 4 9 5 C  
0 C C C 4 9 6 C  
0 0 C C 4 9 7 0  
O C C C 4 9 8 C  
0 0 0 0 4 9 9 0  
0 C C C 5 0 C C  
0 0 0 0 5 0 1 0  
0 C C C 5 0 2 C  
0 C C C 5 0 3 C  
0 C C C 5 0 4 0  
0 C C C 5 0 5 C  
0 C C C 5 C 6 C  
0 C C C 5 0 7 C  
0 0 0 0 5 0 8 0  
0 C C C 5 C 5 C  
0 0 0 0 5 1 0 0  
0 C C C 5 1 10



CCNST 34

S U B R O U T I N E  C C N S T <A , E , N U , C 1 1  , C 2 2 , C 2 3 , C 3 3 ,G S J 0 C C C 5 I 2 0
D I M E N S I O N  A U 5 )  ,EE( 5), D( 15 1 ,E( 1 5 , 2 0 1  ,AR 120 ) , C N T <5 I , D 1 < 1 5 , 9 ) ,  O 0 C C 5 1 3 0

I D 2 ( 1 5 , 9 ) ,C3{ 15 ),C4( 151 O C C C 5 1 4 0
L ***** D A T A  E ( I, J ) G I V E S  L I N E A R  C R E E P A G E  AN D S P I N  C G E F F I C I E N T S * * * * O O C C 5 1 5 0
C * * * * * A N C  G S  F R O M  K A L K E R  R E P O R T  T A B L E  1 *********************** 0 0 0 0 5 1 6 0
C * * * * *  V A L I D  F O R  A/E G R E A T E R  T H A N  CR E Q U A L  T O  0 . 1  0 C C C 5 1 7 C

R E A L  NU 0 0 0 0 5 1 8 0
D A T A  Cl/ 0 C C C 5 1 5 C

$ 2 . 5 1 , 3.31 , 4 . 6 5 ,  2.51, 2 . 5 2 ,  2 . 5 3 , 0 . 3 3 4 ,  0 . 4 7 3 ,  0. 731, 6 . 4 2 , 0 C C C 5 2 C C
$ 8 . 2 8 , 11.7 , C . 7 6 7 C ,  0 . 5 7 5 2 ,  C . 3 8 3 5 , O O C C 5 2 1 C
$ 2 . 5 9 , 3 . 3 7 , 4 . 6 1 ,  2 . 5 9 ,  2 . 6 3 ,  2 . 6 6 , 0 . 4 8 3 ,  0 . 6 0 3 9 0 * 8 0 9 9  3*^69 0 0 0 0 5 2 2 0
$ 4 . 2 7 , 5.66 , C . 5 6 C 6 ,  G . 4 2 0 6 , C . 2 8 C 4 , 0 0 0 0 5 2 3 0
$ 2 . 6 8 , 3 . 4 4 , 4 . 8 0 ,  2 . 6 8 ,  2 . 7 5 ,  2 . 8 1 , 0 . 6 C 7 , C . 7 1 5 , 0 . 8 8 9 ,  2 . 4 9 , 0 0 C C 5 2 4 C
$ 2 . 9 6 , 3.72, C . 4 7 7 5 ,  0 . 3 5 8 4 ,  0 . 2 3 5 0 , 0 0 0 0 5 2 5 0
$ 2 . 7 8 , 3 . 5 3 , 4 . 8 2 ,  2 . 7 8 ,  2 . 6 8 ,  2 . 5 8 , 0 . 7 2 0 ,  0 . 8 2 3 , 0 . 5 7 7 ,  2. 0 2 , 0 C C C 5 2 6 0
$ 2 . 3 2 , 2 . 7 7 , C . 4 3 4 3 ,  0 . 3 2 5 7 ,  0 . 2 1 7 2 , 0 0 0 0 5 2 7 0
1 2 . 8 8 , 3 . 62 , 4 . 8 3 ,  2.88 , 3 . Cl, 3 . 1 4 , 0 . 8 2 7 ,  0 . 9 2 5 , 1.07, 1 . 74 , 0 C C C 5 2 8 C
$ 1 . 9 3 , 2 .2 2 , C . 4 C 6 5 , C . 3 0 6 6  , C . 2 0 4 4 , 0 0 0 0 5 2 9 0
$ 2 . 9 8 , 3 . 7 2 , 4 . 9 1 ,  2.98 , 3 . 1 4 ,  3 . 31 , 0 . 5 3 0 ,  1.03 , 1.18 , 1 . 5 6 , 0 C 0 C 5 3 C C
$ 1. 6 8 , 1. 8 6 , C . 3 5 3 4 ,  0 . 2 9 5 0 ,  C . 1 9 6 7 , O C C G 5 3 1 C
$ 3 . 0 9 , 3 . 8 1 , 4 . 5 7 ,  3.09 , 3 . 2 8 ,  3 . 4 8 , 1 • C 3, 1.14 , 1.29, 1 . 4 3 , 0 0 C C 5 3 2 0
$ 1 . 5 0 , 1 .60 r 0 . 3 8 4 0 ,  0 . 2 8 8 0 ,  0 . 1 9 2 0 , 0 C C G 5 3 3 0
$ 3. 19, 3.51, 5. 0 5 ,  3.19, 3 . 4 1 ,  3 . 6 5 , 1 . 1 3 ,  1.25, 1.40, 1 . 3 4 , 0 0 0 0 5 3 4 0
$ 1 . 3 7 , 1 . 4 2 , 0 . 3 7 6 5 ,  C . 2 8 3 9  , 0 . 1 8 9 2 , O O C C 5 3 5 C
$ 3 . 2 9 , 4 . 0 1 , 5 . 1 2 ,  2.29, 3 . 5 4 ,  3 . 8 2 , 1 . 2 3 ,  1. 3 6 , 1. 5 1 , 1 . 2 7 , 0 0 0 0 5 3 6 0
$ 1 . 2 7 , 1.27, 0 . 3 7 5 8 ,  0 . 2 8 1 8 ,  0 . 1 8 7 9 / 0 C C C 5 3 7 C
D A T A  C2/ 0 3 0 0 5 3 8 0

$ 3 . 4 0 , 4 . 1 2 , 5 . 2 0 ,  3.40, 3 . 6 7 ,  3 . 5 8 , 1 . 3 3 ,  1. 4 7 , 1.63, 1.2 1 , 0 C C C 5 3 9 C
$ 1 . 1 9 , 1.16, G . 3 7 5 C ,  C . 2 8 1 2 ,  C . 1 8 7 5 , 0 0 C C 5 4 C 0
$ 3 . 5 1 , 4 . 2 2 , 5 . 3 0 ,  3 . 5 1 ,  3 . 6 1 ,  4 . 1 6 , 1 . 4 4 ,  1.55, 1.7 7, 1 . 1 6 , Q G C C 5 4 1 G
$ 1 . 11, 1.06 , 0 . 3 7 5 8 ,  0 . 2 8 1 8 ,  C . 1 8 7 9 , 0 C C C 5 4 2 C
$ 3 . 6 5 , 4.36 , 5.42, 3 . 6 5 ,  3 . 5 5 ,  4 . 3 9 , 1 . 5 8 ,  1 . 7 5 , 1.54, 1 . 1 0 , 0 0 C C 5 4 3 0
$ a .  04, 0 . 5 5 4 , 0 . 3 7 8 5 ,  0 . 2 8 3 5 ,  0 . 1 8 9 2 , 0 0 C C 5 4 4 0
$ 3 . 8 2 , 4 . 5 4 , 5 . 5 e ,  2. 8 2 ,  4 . 2 1 ,  4 . 6 7 , 1 . 7 6 ,  1 . 5 5 , 2 . 1 8 , 1 . 0 5 , 0 0 0 0 5 4 5 0
$ 0 . 9 6 5 , 0 . 8 5 2 , C . 3 8 4 0  , 0 . 2 8 8 0 ,  0 . 1 9 2 0 , 0 G C C 5 4 6 C
$ 4 . 0 6 , 4 . 7 6 , 5 . 8 0 ,  4 . 0 6 ,  4 . 5 0 ,  5 . 0 4 , 2 . 0 1 ,  2 . 2 3 , 2 . 5 0 , 1 .0 1 , 0 0 0 0 5 4 7 0
$ 0 . 8 9 2 , 0 . 7 5 1 , 0 . 3 9 3 4 ,  0 . 2 9 5 0 ,  0 . 1 9 6 7 , 0 C C C 5 4 8 G
$ 4 . 3 7 , 5 . 1 0 , 6.1 1, 4 . 3 7 ,  4 . 5 0 ,  5 . 5 6 , 2 . 3 5 ,  2 . 6 2 , 2 . 9 6 , 0 . 9 5 8 , 0 0 0 0 5 4 9 0
$ 0 . 8 1 9 , C . 6 5 0 , 0 . 4 0 6 5 ,  0 . 3 0 6 6 ,  0 . 2 0 4 4 , 0 G C C 5 5 C C
$ 4 . 8 4 , 5 . 5 7 , 6 . 5 7 ,  4 . 8 4 ,  5 . 4 8 ,  6 . 3 1 , 2 . 8 8 ,  3 . 2 4 , 3 . 7 0 , 0 . 9 1 2 , 0 C C C 5 5 10
$ 0 . 7 4 7 , C . 5 4 9 , 0 . 4 3 4 3 ,  C . 3 2 5 7 ,  0 . 2 1 7 2 , 0 C C C 5 5 2 C
$ 5 . 5 7 , 6 . 3 4 , 7 . 3 4 ,  5 . 5 7 ,  6 . 4 0 ,  7 . 5 1 , 3 . 7 5 ,  4 . 3 2 , 5.01, 0 .8 6 8 , O 0 C C 5 5 3 O
$ 0 . 6 7 4 , 0 . 4 4 6 , 0 . 4 7 7 5 ,  0 . 3 5 6 4 ,  0 . 2 3 9 0 , 0 C C C 5 5 4 0
$ 6 . 5 6 , 7. 7 8 , 8 . 8 2 ,  6 . 9 6 ,  8 . 14, 9 . 7 9 , 5 . 7 2 ,  6 . 6 3 , 7 . 85 , 0 . 8 2 8 , 0 0 C C 5 5 5 0
$ 0 . 6 0 1 , 0 . 3 4 1 , C . 5 6 C E ,  C . 4 2 C 6 ,  0 . 2 8 0 4 / 0 0 0 0 5 5 6 0
D A T A  C3/ 0 C C C 5 5 7 C

$ 1 0 . 7 , 1 1 . 7 , 12.5, 10.7, 1 2 . 6 ,  1 6 .0 , 1 2 . 2 ,  14 . 6 , 16.0 , 0 . 7 5 5 , 0 0 0 0 5 5 8 0
$ 0 . 5 6 2 • 0 . 2 2 8 , C . 7 6 7 C ,  C . 5 7 5 2 ,  0 . 2 8 3 5  / 0 C C C 5 5 5 C
D A T A  C4/ 0 0 0 0 5 6 0 0

$ 1 1 . 0 8 , 12 .01 , 1 3 . 1 0 ,  1 1 . 0 8 ,  1 3 . 3 8 , 1 6 . 5 0 ,  1 3 . 7 2 , 16.34, 2 0 . 2 0 , 0 C C C 5 6 1 C
$ 0 . 7 8 5 , C . 552 , C . 2Ce, 0 . 7 9 1 8 ,  0 . 5 5 3 8 , 0 . 3 9 5 9 / 0 0 C C 5 6 2 C
D A T A  AR / C. l ,0 .2 , 0 . 3 , 0 . 4 , 0 . 5 , 0. 6 ,0. 7 , 0 . 6 , 0 . 5 , l.C • l . l l l l l l . 0 C C C 5 6 3 0

$ 1 . 2 5 , 1 . 4 2 8 5 7 1 , 1 . 6 6 6 6 6 7 , 2 . 0 , 2 . 5 , 3 . 3 3 3 3 3 3 , 5 . 0 , 1 0 . 0 , 11.0/ 0 0 C C 5 6 4 C
0 0  6  1 = 1 , 1 5  

0 0  5 J  =  1 , 5  

E ( I , J  ) = 0 1 ( I , J )

E l  I » J * 9 ) = D 2 ( I , J  ) 

El 1,15 ) = C 3 I I )

0 C C C 5 6 5 C
O C 0 C 5 6 6 O
0 0 0 0 5 6 7 0
0 C C C 5 6 E 0
0 0 0 0 5 6 9 0



C O N S T
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6 El I »20 ) = D 4 1 I ) 0 0 0 0 5 7 0 0
P I - 3 . 1 4 1 5 5 0 C C C 5 7 1 C
R G= A / E 0 0 0 0 5 7 2 0
I F 1 R G . G T . A P C 2 0 ) } GC T O  14 0 C C C 5 7 3 0
GO TO 15 0 0 0 0 5 7 4 0

14 SG=fi/A 0 C C C 5 7 5 C
G A N = A L G G 1 1 6 . 0 / 1 S G * S G ) ) 0 C C C 5 7 6 C
C l  1 = 2 . 0 *  PI / 1 S G * 1 G A M - 2 . 0 * N U  ) J* 11. 0 + 1 1 . 6 1 3 7 0 6  1 /1 G A M - 2 .  C * N U ) 1 0 C C C 5 7 7 C
C 2 2=1 1 1 . 6 1 3 7 0 6  ) *11 . G - N U ) ) / 12.0*NU+C-AM* 11 . G - N U  1) 0 0 0 C 5 7 6 0
C 2 2 = 2 . 0 * P I * 1 1 . 0 + C 2 2 ) / t S G * 1 2 . C * N U + G A M * l l . C - N U ) ) ) 0 0 0 0 5 7 9 0
C2 3 = 2 . C* F I / 1 1 S C R 1 1 S G  J * S G * 3 .01*11 1 . 0 - N U ) * G A M - 2 . C + 4 . C * N U ) ) 0 0 C C 5 8 0 0
C 3 3 = P l / 4 . Q * l G A M * t 1 . C - 2 . Q * N U  )— 2.0 + 6. 0 * N U ) / 1 G A M * 1 l . 0 - N U ) - 2 . 0 + 4 . 0 * N U J 0 0 0 0 5 8 1 0
GS = 3. 0 * t  l . C - N U ) / 1 4 . C * P I * S Q R H S G )  ) 0 C C C 5 8 2 C
GO T O  80 0 0 0 0 5 8 3 0

15 DC 20 1 = 2 , 2 0 C C C C 5 8 4 C
I F 1 R G . L E . A R I I )  ) G C  TO 25 0 C C C 5 8 5 C

20 C O N T I N U E 0 C C C 5 8 6 C
25 J=I 0 0 0 C 5 8 7 C

DO 30 1 = 1 , 1 5 0 C C C 5 8 8 0
30 D 1 1 ) = E 1 1 , J - 1) + 1 E 1 1 , J 1-E 11 , J - 111* 1RG- AR1 J- 1)) / 1 A R  1J 1- A R 1J -  111 0 0 0 0 5 8 9 0

DO 40 1 = 1 , 5 0 0 0 0 5 9 0 0
A L I I ) = 8. C * 1C 1 3 * I ) - 2 . C * C  1 3 * 1 - 1  } + D l 3*1-2) ) 0 C G C 5 9 1 G
BE I l ) = 2 . C * 1 - 0 1 3 * 1  ) + 4 . 0 * D 1 3 * 1 - 1 ) - 3 . 0 * 0 1 3 * 1 - 2 1 ) 0 0 0 0 5 9 2 0

4 0 C N T  1 I )=AL1 I ) * N U * * 2  + E E i n * N U + C 1 3 * I - 2 ) G C C 0 5 9 3 C
C 1 1 = C N T 1 1) 0 0 C C 5 9 4 O
C 2 2 = C N T 1 2 ) 0 C C C 5 9 5 0
C 2 3 = C N T ( 3 ) 0 0 0 0 5 9 6 0
C 3 3 = C N T 14) 0 0 C C 5 9 7 C

G S = C N T  15 ) 0 C C C 5 9 8 C
8 0 C O N T I N U E 0 0 0 0 5 9 9 0

R E T U R N 0 C C C 6 C C C
E N D 0 0 0 C 6 0 1 0



N O R M A L I Z E C  C O N T A C T  D I M E N S I O N S
( C A R O  #2)

P C I S S O N  S R A T I C  
( C A R C  *2)

L A Y E R  S T I F F N E S S E S  
( C A R C  #2)

N U M E R I C A L  C O N S T A N T S  
( C A R D  #3)

CREEPAGfc A N D  S P I N  C O E F F I C I E N T S

N O R M A L I Z E D  S H E A R  M O D U L U S  

N O R M A L I Z E D  I N V E R S E  S T I F F N E S S E S

P R O G R A M  W I T A - S R T
S I M P L I F I E D  T H E O R Y  OF R O L L I N G  C O N T A C T  

BY J . J .  K A L K E R
M O D I F I E D  AT C L E M S C N  U N I V E R S I T Y  

D E P T .  O F  M E C H .  E N G R .
C L E M S C N *  SC

* * * * *  I N P U T  P A R A M E T E R S  * * * * *

A = 2 . 5 9 8 0 E +00 
B = 3 . 8 A 9 0 E - 0 1

( A = A 1 / C 1 ,  B = B 1 / C 1 * W H E R E  C 1 = S C F T ( A l * B l 1, 
( A ! * B 1 A R E  A C T U A L  C O N T A C T  D I M E N S I O N S

N U  = 2 .8 0 C O E - 0 1

L X N = 0 .0
L Y N = c.u

N X  = 10
N Y = 10
D M  = A . 0 0 C 0 E - 0 2
N F = 1 (N F = 1 » F O R C E S C O M P U T E D * N F = 2  *M O M E N T S  C O M P U T E D )
N S  = 1 (N $ = l  * FULL O U T P U T ;  NS =2 O N L Y  F O R C E S  O R  M O M E N T S )

* * * * *  P A R A M E T E R S  C O M P U T E D  A N C  U S E D  IN P R O G R A M  * * * * *

C l i =  9 . 2 7  2 IE +00
0 2 2  = 9 . 9 9 7 5 E + 0 0
0 2 3  = 9 . 6 2 9 8 E + 0 C  
0 3 3  = 5 . 5 6 C A E - 0 1

G S  = A . 5 5 7 2 E - 0 1

S X N =  1 . 6 3 9 6 E  +00 
S Y N =  1 . 5 2 0 6 E  +00



***** N V 2 =  ] D I S T I N C T  P R C E L E M S  F C L L G W  F C R  D I F F E R E N T  * * * * *  
* * * * *  V A L U E S  O F  N C R M A L I  Z E D  C R E E F A 6E A N O  S P I N  * * * * *

37

U X N =  0.0 
U Y N = - 1 . 4 0 C G E * 0 0  
P H N =  8 . 0 0 C C E - 0 1

N O R M A L I Z E D  F O R C E S  A P E  F X N =  8 . 9 0 3 4 E - 0 7
( C O M P U T E D )  F Y N = — 3 . 4 7 G 3 E - Q I

R E S U L T A N T  F C R C E  R E S =  3 . 4 7 C 3 E - 0 1
( R E S = S Q R T ( F X N * * 2 + F Y N * * 2 ) i

N O R M A L I Z E D  C R E E P A C E  A N C S P I N  
( I N P U T  O N  C A R D  # 5 i

***** C O N T A C T  R E G I O N  F C L L C W S  * * * * *  
X A N O  Y ARE N O R M A L I X E C  C C C R D I N A T E S .  X IN T H E  R O L L I N G  
D I R E C T I O N .  X, Y = X l / C l .  Y I / C 1  W H E R E  XI , VI A R E  D I M .  C C O R D .
T Z N = H E R T Z  S T R E S S  = 3 / ( 2 * P  I )* S C R T (P ), FGR R E F E R E N C E  O N L Y  
T Z K = K A L K £ R  N O R M A L  S T R E S S  AS A S S U M E D  IN T H E  P R O G R A M  
T Z K = F * A * A l i  Y ) * P , F D R  X - G E  . C . 9 * L (Y )
T Z K = F * A * ( S O R T I P I + B 1 I Y ) ) ,  F C R > . L E . C . S * L ( Y )
W H E R E  P = 1 . 0 - X * X / ( A * A I - Y * Y / ( B * B ) ,  L (Y ) = A * S Q R T I l . O - Y * Y / ( B * B ))
A 1(Y ) = 0 . 5 / S O R T I ( l . C - Y * Y / ( E * B ) ) * ( I . C - ( G . 9 )  * * 2 ))
B 1 (YI= - 0 . 2 5 / A l l Y  )» F * A = C . 6 5 6 7 7 3 , S U C H  T H A T  R E S  N O R M A L  F G P C E  = 1 
TX A N O  T Y  A R E  N O R M A L I Z E D  S H E A R  S T R E S S E S  
T X = - T A U X Z * C * * 3 / ( R H G * N  ) . T Y = - T A U Y Z * C * * 3 / ( R H O * N )
A B S I T X . T Y )  L E S S  T H A N  T Z K  FOR N C  SLIP , E Q U A L  T O  T Z K  F C R  S L I P 
V X . V Y  A R E  N O R M A L I Z E D  S L I P  C O M P O N E N T S ,  V X = V X 1 / V * R H C / ( M U * C )
V Y = V Y 1 / V * R H 0 / ( M U * C ) ,  W H E R E  V X 1 , V X 2 = R E L .  V E L .  B E T W E E N  
A D J A C E N T  P O I N T S  A N D  V = R G L L I N G  V E L .

AT Y= 0 . 3 4 6 4 T H E L E A D I N G E D G E S T I C K S
AT Y= 0 . 3 0 7 9 T H E L E A D I N G E D G E S T I C K S
AT Y= 0 . 2 6 9 4 T H E L E A D I N G EDGE S T I C K S
AT Y= 0 . 2 3 0 9 T H E L E A D I N G ED GE S T I C K S
AT Y = J . 1 9 2  4 T H E L E A D  INC- ED GE S L I P S
A T Y= 0 . 1 5 4 C THE L E A D I N G ED GE S L I P S
AT Y= J . 1 1 5 5 T h E L E A D I N G ED GE S L I P S
AT Y= 0 . 0 7 7 C THE L E A D I N G ED GE S L I P S
AT Y= 0 . 0 3 8 5 THE L E A D I N G E D G E S L I P S
A T y= 0 . 0 T H E L E A D I N G EDC-E S L I P S
AT Y= - 0 . 0 3 8 5 T H E L E A D I N G E D G E S L I P S
AT Y — — 0 . 0  77 C T H E L E A D I N G ECGE S L I P S
AT Y= - 0 . 1 1 5 5 T H E L E A D I N G EDGE S L I P S
AT Y= - 0 . 1 5 4 0 T H E L E A D I N G ED GE S L I P S
AT Y= - 0 . 1 9 2 4 THE L E A D I N G E C G E S L I P S
AT Y= - 0 . 2 3 0 9 T H E LEADING- EC GE S T I C K S
AT Y= - 0 . 2 6 9 4 T H E L E A D I N G ED GE S T I C K S
AT Y= — J . 3 0 7 9 T H E L E A D I N G E C G E S T I C K S
A T Y— - 0 . 3 4 6 4 THE L E A D I N G EC GE S T I C K S



38* * * * *  y =  

X
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T Z K A B S ( T X  » T Y 1 A R G ( T  X » T Y ) A B S ( V X  » V Y )
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A R G ( V X t V Y )
- 1 . 0 3 9 2 0 . 0 8 2 7 0 . 0 5 1 4 0 . 0 5 1 4 2 6 1 . 5 0  1C 3 . 3 6 0 6 2 6 1 . 5 C I C
- C . 7 7 9 4 0 .  1510 C . 1 4 5 3 C . 1 45 3 2 6 0 . 1 3 6 7 2 . 5 7 8 2 2 6 0 . 1 3 6 7
- C . 5 1 9 6 0 . 1 8 4 9 0 . 1 9 2 0 0 . 1 9 2 C 2 5 8 . 2 2 5 3 2 .  1 5 3 6 2 5 8 . 2 2 5 3
— C . 2 5 9 8 0 . 2 0 2 6 0 . 2 1 6 3 C . 2 1 6 3 2 5 5 . 5 1 7 9 1 . 7 8 8 5 2 5 5 . 5 1 7 6

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

1 . 0 3 9 2 0 . 0 8 2 7 0 . 0 5 1 9 C . C 2 7 3 2 2 3 . 4 5 3 4 0 . 0 0 . 0

* * * * *  Y= 
X

0 . 3 0 7 9
T Z H T Z K A B S ( T X » T Y  J A R G I T X . T Y ) A B S ( V X . V Y ) A R G ( V X . V Y )

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

C . O 0 . 2 8 6 5 0 . 3 0 8 2 C . 3 C 8 2 2 4 8 . 5 3 3 7 1 . 4 2 1 9 2 4 8 . 5 3 3 7
C . 2 5 9 8 0 . 2 8 2 5 0 . 3 0 2 7 0 . 3 0 2 7 2 4 0 . 8 2 8 5 1 . 0 8 7 9 2 4 0 . 8 2 8 5
C . 5 1 9 6 0 . 2 7 0 1 C . 2 8 5 6 C . 2 8 5 6 2 3 1 . 2 7 7 8 0 . 7 4 9 3 2 3 1 . 2 7 7 8
C . 7 7 9 4 0 . 2 4 8 1 0 . 2 5 5 4 0 . 1 8 6 4 2 1 7 . 7 4 8 2 0 . 0 0 . 0

1 . 0 3 9 2 0 . 2 1 3 5 C . 2 C 7 8 C . 1 C 3 2 1 9 7 . 7 1 1 8 0 . 0 C . O
1 . 2 9 9 0 0 . 1 5 8 4 0 . 1 3 1 9 0 . 0 4 9 6 1 7 2 . 2 8 3 7 0 . 0 0 . 0

1 . 5 5 8 8 0 . 0 0 0 2 0 . 0 0 0 0 c.c 0 . 0 0 . 0 0 . 0

* * * * *  y -

X
0 . 2 6 9 4

T Z H T Z K A B S C T X . T Y 1 ARG ( T X . T Y ) A B S ( V X » V Y  ) A R G I V X » V Y )
- 1 . 5 5 8 8 0 . 1 8 4 9 0 . 1 5 2 1 0 . 1 5 2 1 2 6 4 . 4 8 2 2 3 . 5 7 8 2 2 6 4 . 4 8 2 2
- 1 . 2 9 9 0 0 . 2 4 3 5 C . 2 3 2 7 0 . 2 3 2 7 2 6 3 . 6 9 6 3 3 . 0 9 9 1 2 6 3 . 6 9 6 3
- 1 . 0 3 9 2 0 . 2 8 2 5 0 . 2 8 6 3 0 . 2 8 6 3 2 6 2 . 4 9 0 2 2 .  7 2 1 7 2 6 2 . 4 9 0 2
— C .  7 7 9 4 0 . 3 0 9 4 0 . 3 2 3 4 C . 3 2 3 4 2 6 0 . 5 0 3 9 2 . 3 7 9 1 2 6 C . 5 C 3 9
- C . 5 1 9 6 0 . 3 2 7 3 0 . 3 4 8 0 0 . 3 4 8 0 2 5 7 . 2 0 7 0 2 . 0 5 0 7 2 5 7 . 2 C 7 C
- C . 2 5 9 8 0 . 3 3 7 6 C . 3 6 2 2 0 . 3 6 2 2 2 5 1 . 9 5 8 7 1 . 7 2 4 2 2 5 1 . 9 5 8 7

C . O 0 . 3 4 1 0 0 . 3 6 6 8 0 . 3 6 6 8 2 4 4 . 1 7 9 9 1 . 3 8 8 9 2 4 4 . 1 7 9 8
C . 2 5 9  8 0 . 3 3 7 6 C . 3 6 2 2 G . 3 6 2 2 2 3 3 . 6 6 6 3 1 . 0 3 8 2 2 3 3 . 6 6 8 3
C . 5 1 9 6 0 . 3 2 7 3 0 . 3 4 8 0 0 . 2 8 4 6 2 1 9 . 0 5 3 1 0 .  C 0 .0'
C . 7 7 9 4 0 . 3 0 9 4 0 . 3 2 3 4 0 . 1 8 5 5 1 9 6 . 2 5 0 0 0 . 0 0 . 0

1 . 0 3 9 2 0 . 2 8 2 5 0 . 2 8 6 3 C . 1 3 8 5 1 6 7 . 1 36 C 0 . 0 0 . 0

1 . 2 9 9 0 0 . 2 4 3 5 0 . 2 3 2 7 0 . 1 1 5 0 1 4 3 . 1 9 5 6 o.c 0 . 0

1 . 5 5 8 8 0 . 1 8 4 9 0 . 1 5 2 1 C . 0 7 9 2 1 2 8 . 2 5 9 5 0 . 0 0 . 0

1 . 8 1 8 6 0 . 0 6 7  5 0 . 0 2 1 1 0 . 0 1 2 5 1 1 9 . 2 1 8 9 o.c c.c

* * * * *  Y =
X

0 . 2 3 0 9
T ZH T Z K A E S I T X  » T Y ) A R G C T X t T Y J ABS ( V X  » V Y ) A R G ( V X  * V Y 1

- 1 . 8 1 8 6 0 . 1 8 4 9 0 . 1 3 9 9 C . 1 3 9 9 2 6 5 . 6 8 6 0 3 . 9 3 4 9 2 6 5 . 6 8 6 0
- 1 . 5 5 8 8 0 . 2 5 2 7 0 . 2 3 3 0 0 . 2 3 3 0 2 6 5 . 1 4 2 8 3 . 4 1 5 0 2 6 5 . 1 4 2 6
- 1 . 2 9 9 0 0 . 2 9 8 2 C . 2 9 5 6 0 . 2 9 5 6 2 6 4 . 3 0 5 1 3 .  0 2 6 1 2 6 4 . 3 0 9 1
- 1 ^ 0 3 9 2 0 . 3 3 0 8 C . 3 4 C 5 0 . 3 4 C 5 2 6 2 . 8 8 1 2 2 . 6 7 9 3 2 6 2 . 8 8 7 2
- C . 7 7 9 4 0 . 3 5 4 1 0 - 3 7 2 6 C . 3 7 2 6 2 6 0 . 3 8 6 7 2 . 3 5 0 5 2 6 0 . 3  867
- C . 5 1 9 6 0 . 3 6 9 8 0 . 3 9 4 2 0 . 3 9 4 2 2 5 6 . 1 3 1 6 2 . 0 2 6 6 2 5 6 . 1 3 1 6
- C . 2 5 9 8 0 . 3 7 9 0 C . 4 C 6 8 0 . 4 0 6 8 2 4 9 . 3 6 7 4 1 . 6 9 4 8 2 4 9 . 3 6 7 4

0 . 0 0 . 3 8 2 0 Q . 4 1 C 9 0 . 4 1 C 9 2 3 9 . 5 1 3 8 1 . 3 4 0 9 2 3 9 . 5 1 3 6
0 . 2 5 9 8 0 . 3 7 9 0 C . 4 C 6 8 0 . 3 7 0 7 2 2 5 . 9 1 C9 0 . 0 0 . 0

C . 5 1 9 6 0 . 3 6 9  8 0 . 3 9 4 2 0 . 2 4 0 . 3 2 0 3 . 0 6  54 0.0 0.0
C . 7 7 9 4 0 . 3 5 4 1 0 . 3 7 2 6 0 . 1 8 7 2 1 6 9 . 7 5 9 4 0.0 0.0
1 . 0 3 9 2 0 . 3 3 0 8 C . 3 4 C 5 C .  1 8 7 6 1 4 1 . 7 9 2 0 0. 0 0.0
1 . 2 9 9 0 0 . 2 9 8 2 0 . 2 9 5 6 0 . 1 8 9 6 1 2 5 . 6 6 1 2 0. c 0 . 0

1 . 5 5 8 8 0 . 2 5 2 7 0 . 2 3 3 0 C . 1 6 4 8 1 1 6 . 5 6 3 7 0 . 0 0.0
1 . 8 1 8 6 0 . 1 8 4 9 0 . 1 3 9 9 C . 1 C 2 9 1 1 C . 9 8 8 9 o.c c.c



■■*** Y = 0 . 1 9 2 4 39
X T Z H TZK A B S I T X , T Y >  A R G I T X . T Y ) A B S ( V X . V Y ) A R G I V X f V Y )

- 2 . 0 7 8 4 0 . 1 5 8 4 C . 0 9 3 9 0 . 0 9 3 9 2 6 6 . 7 0 4 3 4 . 4 2 5 5 2 6 6 . 7 0 4 3
- 1 . 8 1 8 6 0 . 2 4 3 5 C . 2 1 C 9 C . 2 1 C 9 2 6 6 . 3 4 7 2 3 . 7 6 5 1 2 6 6 . 3 4 7 2
- 1 . 5 5 8 8 0 . 2 9 8 2 C . 2 8 6 2 0 . 2 8 6 2 2 6 5 . 8 1 9 8 3 . 3 4 5 6 2 6 5 . 8 1 9 8
- 1 . 2 9 9 0 0 . 3 3 7 6 C . 3 4 C 4 0 . 3 4 0 4 2 6 4 . 9 2 2 3 2 . 9 8 7 C 2 6 4 . 5 2 3 3
- 1 . C 3 9 2 0 . 3 6 6  7 0 . 3 8 C 5 C . 3 8 C 5 2 6 3 . 2 8 5 6 2 . 6 5 3 6 2 6 3 . 2 8 5 6
- 0 . 7 7 9 4 0 . 3 8 7 9 0 . 4 0 9 6 0 . 4 0 9 6 2 6 0 . 3 2  76 2 . 3 3 0 8 2 6 0 . 3 2 7 6
— C . 5 1 5 6 0 . 4 0 2 3 C . 4 2 9 4 C . 4 2 9 4 2 5 5 . 2 9 5 3 2 . 0 0 6 5 2 5 5 . 2 9 5 3
- C  .259 8 0 . 4 1 0 7 0 . 4 4 1 0 0 . 4 4 1 0 2 4 7 . 4 0 5 5 1 . 6 6 5 7 2 4 7 . 4 0 5 5
C . C 0 . 4 1 3 5 C . 4 4 4 8 0 . 4 4 4 8 236. 1 8 1 3 1. 29 2 2 2 3 6 . 1 8 1 3
C . 2 5 9 8 0 . 4 1 0 7 0 . 4 4 1 0 0 . 2 9 5 2 2 1 7 . 1 3 5 5 0. 0 0 . 0
C . 51 56 0 . 4 0 2 3 0 . 4 2 9 4 0 . 2 0 4 7 1 8 1 . 6 9 6 5 0 . 0 C . O
0 . 7 7 9 4 0 . 3 8 7 9 0 . 4 0 9 6 C .2120 1 4 5 . 0 7 9 8 0 . 0 0 . 0
1. C3 92 0 . 3 6 6 7 0 . 3 8 0 5 0 . 2 4 9 3 1 2 5 . 0 4 3 0 0 . 0 C . O
1 . 2 9 9 0 0 . 3 3 7 6 € . 3 4 0 4 C . 2 6 7 C 1 1 4 . 9 0 7 5 0 . 0 0 . 0
1 . 5 5 8 8 0 . 2 9 8 2 0 . 2 8 6 2 0 . 2 4 9 3 1 C 9 . 1 4 C 5 o.c C . C
1 . 8 1 8 6 0 . 2 4 3  5 0 . 2 1 0 9 C . 1 9 1 1 1 0 5 . 4 8 8 4 0 . 0 0 . 0
2 . 0 7 8 4 0. 1 5 8 4 0 . 0 9 5 7 0 . 0 9 0 4 1 0 2 . 9 8 8 7 o.c C . C

Y= 0 . 1 5 4 0
X T Z H T Z K ABS I T X »  T Y ) A R G I T X , T Y ) A B S ( V X . V Y ) A R G I V X f V Y )

- 2 . 0 7 8 4 0 . 2 1 3 5 0 . 1 6 2 5 C . 16 25 2 6 7 . 3 4 C 8 4 . 1 8 4 3 2 6 7 . 3 4 0 8
- 1 . 8 1 8 6 0 . 2 8 2 5 0 . 2 5 7 4 0 . 2 5 7 4 2 6 7 . 0 2 8 8 3 . 6 9 0 1 2 6 7 . 0 2 8 8
- 1 . 5 5 8 8 0 . 3 3 0 8 0 . 3 2 3 8 C . 3 2 3 8 2 6 6 . 5 3 2 0 3 . 3 0 6 8 2 6 6 . 5 3 2 0
- 1 . 2 9 9 0 0 . 3 6 6 7 0 . 3 7 3 3 0 . 3 7 3 3 2 6 5 . 6 2 9 2 2 . 9 6 2 7 2 6 5 . 6 2 5 2
- 1 . C 3 9 2 0 . 3 9 3  7 C . 4 1 C 4 0 . 4 1 0 4 2 6 3 . 9 3 1 9 2 . 6 3 6 6 2 6 3 . 9 3 1 5
- 0 . 7 7 9 4 0 . 4 1 3 5 0 . 4 3 7 6 C . 4 3 7 6 2 6 0 . 8 6 3 8 2 . 3 1 7 4 2 6 0 . 8 6 3 8
- C . 5 1 5 6 0 . 4 2 7 1 0 . 4 5 6 2 0 . 4 5 6 2 2 5 5 . 7 0 e e 1 . 9 9 4 0 2 5 5 . 7 0 8 8
- 0 . 2 5 9 8 0 . 4 3 5 0 0 . 4 6 7 2 0 . 4 6 7 2 2 4 7 . 7 7 3 2 1 . 6 5 1 5 2 4 7 . 7 7 5 2
C.C 0 . 4 3 7 6 0 . 4 7 0 8 0 . 3 9 6 2 2 3 5 . 6 5 2 5 O . C C . C
C . 2 5 9 8 0 . 4 3 5  0 0 . 4 6 7 2 0 . 2 2 7 5 2 0 8 . 9 9 2 0 0. 0 0 . 0
C . 5 1 9 6 0 . 4 2 7 1 0 . 4 5 6 2 C • 1 8 5 0 1 6 0 . 4 5 7 8 0 . 0 0 . 0
C . 7 7 9 4 0 . 4 1 3 5 0 . 4 3 7 6 C . 2 4 1 4 1 2 8 . 3 5 2  2 0 . 0 0 . 0
1 . C 3 9 2 0 . 3 9 3 7 0 . 4 1 C 4 0 . 2 9 9 5 1 1 4 . 7 1 8 4 o.c o.c
1 . 2 9 9 0 0 . 3 6 6 7 0 . 3 7 3 3 0 . 3 2 6 1 1 C 7 . 9 8 6 C 0 . 0 0 . 0
1 . 5 5 8 8 0 . 3 3 0 8 0 . 3 2 3 8 C . 3 1 2 9 1 0 4 . 0 8  C2 o.c C . C
1 . 8 1 8 6 0 . 2 8 2 5 0 . 2 5 7 4 0 . 2 5 7 3 1 0 1 . 5 5 5 5 0 . 0 0 . 0
2 . 0 7 8 4 0 . 2 1 3 5 0 . 1 6 2 5 0 . 1 6 2 3 5 9 . 7 4 1 2 o.c o.c
2 . 3 3 8 2 0 . 0 8 2  7 0 . 0 2 4 7 0 . 0 2 4 7 9 8 . 4 5 9 7 0 . 0 9 9 6 9 8 . 4 5 9 8

* * *  Y = 0 . 1 1 5 5
X T Z H T Z K A B S ( T X ?  T V ]1 A R G I T X . T Y ) A B S ( V X . V Y ) A R G I V X f V Y )

- 2 . 3 3 8 2 0 . 1 5 1 0 0 . 0 7 1 1 0 . 0 7 1 1 2 6 8 . 1 6 6 3 4 . 8 5 0 6 2 6 8 . 1 6 6 3
- 2 . 0 7 8 4 0 . 2 4 8 1 0 . 2 0 4 7 0 . 2 0 4 7 2 6 7 . 9 9 C 2 4 . 0 8 6 9 2 6 7 . 9 5 0 2
- 1 . 8 1 8 6 0 . 3 0 9 4 0 . 2 8 9 1  , 0 . 2 e 9 1 2 6 7 . 7 3 7 8 3 . 6 4 8 8 2 6 7 . 7 3 7 8
- 1 . 5 5 8 8 0 . 3 5 4 1 C . 3 5 C 5 C . 3 5 C 5 2 6 7 . 3 1 4 7 3 . 2 8 3 1 2 6 7 . 3 1 4 7
- 1 . 2 9 9 0 0 . 3 8 7 9 0 . 3 9 7 0 0 . 3 9 7 0 2 6 6 . 5 2 5 9 2 . 5 4 7 1 2 6 6 . 5 2 5 5
- 1 . C 3 9 2 0 . 4 1 3 5 0 . 4 3 2 2 0 . 4 3 2 2 2 6 5 . 0 4 1 7 2 . 6 2 5 7 2 6 5 . 0 4 1 7
- 0 . 7 7 9 4 0 . 4 3 2 4 0 . 4 5 8 2 0 . 4 5 8 2 2 6 2 . 3 8 5 5 2 . 3 1 0 2 2 6 2 . 3 8 9 5
- C . 5 1 9 6 0 . 4 4 5 3 0 . 4 7 6 1 0 . 4 7 6 1 2 5 8 . 0 0 6 3 1 . 9 9 2 4 2 5 8 . 0 0 6 3
- 0 . 2 5 9 8 0 . 4 5 3  0 0 . 4 8 6 5 C . 4 8 6 5 2 5 1 . 3 7 0 2 1 . 6 6 1 8 2 5 1 . 3 7 0 2
C.O 0 . 4 5 5 5 0 . 4 9 0 0 0 . 3 3 9 7 2 3 9 . 8 0 7 C O . C C . C
C . 2 5 9 8 0 . 4 5 3 0 0 . 4 8 6 5 C . 1 7 C 7 2 0 6 . 7 4 4 1 O . C 0 . 0
C . 5 1 9 6 0 . 4 4 5 3 0 . 4 7 6 1 0 . 1 6 4 5 1 4 4 . 5 7 4 7 o . c O . C
C . 7 7 9 4 0 . 4 3 2 4 C . 4 5 8 2 C . 2 5 1 C 1 1 7 . 4 2 3 2 0 . 0 0 . 0
1 . C 3 9 2 0 . 4 1 3 5 0 . 4 3 2 2 0 .320 6 1 0 7 . 6 4 2 1 o . c C . C
1 . 2 9 9 0 0 . 3 8 7 9 C . 3 9 7 C 0 . 3 5 2 5 1 0 2 . 9 0 8 1 0 . 0 0 . 0
1 . 5 5 8 8 0 . 3 5 4 1 0 . 3 5 0 5 0 . 3 4 2 2 I O C . 1 4 5 3 0. 0 0 . 0
1 . 8 1 8 6 0 . 3 0 9 4 0 . 2 8 9 1 0 . 2 8 9 1 9 8 . 3 4 C 3 0 . 0 2 7 3 9 8 . 3 4 0 4
2 . 0 7 8 4 0 . 2 4 8  1 0 . 2 0 4 7 C . 2 0 4 7 9 7 . 0 4 5 5 0. 10 93 9 7 . 0 4 9 5
2 . 3 3 8 2 0 . 1 5 1 0 0 . 0 7 9 0 0 . C 7 9 C 9 6 . 1 1 5 5 0. 128€ 9 6 . 1 1 5 5



** Y = 
X

J . 07 70 
TZH T Z K A E S ( T X , T Y 1 A R G (T > »TY) A B S ( V X . V Y )

yi a
A R G (V X ,VY )

- 2 . 3 3 8 2 0 . 1 8 4 9 0 . 1 1 4 1 0 . 1 1 4 1 268. 7 7 3 5 4 . 6 4 8 8 2 6 8 . 7 7 3 5
- 2 . C 7 8 4 0 . 2 7 0 1 0 . 2 3 1 3 C . 2 3 1 3 2 6 8 . 6 5 2 1 4 . 0 3 7 6 2 6 8 . 6 5 2  1
- 1 . 8 1 8 6 0 . 3 2 7 3 C •3 ICG C . 3 ICC 2 6 8 . 4 7 2 7 3 . 6 2 4 5 2 6 8 . 4 7 2 7
- 1 . 5 5 8 8 0 . 3 6 9 8 0 . 3 6 8 5 C . 3 6 8 5 2 6 8 . 1 6 2 6 3 . 2 6 8 6 2 6 8 . 1 6 2 6
- 1 . 2 9 9 0 0 . 4 0 2 3 0 . 4 1 2 2 C . 4  122 2 6 7 . 5 7 6 5 2 . 9 3 7 3 2 6 7 . 5 7 6 5
- 1 . 0 3 5 2 0 . 4 2 7 1 0 . 4 4 7 2 0 . 4 4 7 2 2 6 6 . 4 7 7 3 2 . 6 1 8 5 2 6 6 . 4 7 7 3
- C . 7 7 S 4 0 . 4 4 5 3 0 . 4 7 2 3 0 . 4 7 2 3 2 6 4 . 5 3  C8 2 . 3 0 7 0 2 6 4 . 5 3 0 8
-C .5196 0 . 4 5 8 0 0 . 4 8 9 7 C . 4 8 9 7 2 6 1 . 3 4 5 1 1 . 5 9 5 6 2 6 1 . 3 4 5 1
— C . 255 8 0 . 4t»54 0 . 4 9 5 9 C . 4 9 5 5 2 5 6 . 5 8 2 8 1 . 6 7 9  C 2 5 6 . 5 8 2 8
C . O 0 . 4 6 7 8 0 . 5 0 3 3 0 . 2 5 5 1 2 4 7 . 0 0 6 5 0. C 0 .0
C . 2 5 5 8 0 . 4 6 5 4 0 . 4 5 5 5 C . 1 1 6 7 2 0 8 . 0 2 5 6 0 . 0 C . O
C . 5 1 5 6 0 . 4 5 8 0 0 . 4 8 9 7 0 . 1 4 8 3 127. 7 1 5 1 0. 0 0 .0
C . 7 7 9 4 0 . 4 4 5 3 0 . 4 7 2 3 0 . 2 5 70 1 0 7 . 7 6 8 4 0 . 0 C. O
1 . 0 39 2 0 . 4 2 7 1 0 . 4 4 7 2 C . 3 3 4 1 1 0 1 . 4 1 5 2 0. 0 0 .0
l . 2 5 5  0 0 . 4 0 2 3 0 . 4 1 3 2 C . 3 6 5 5 9 8 . 3 8 2 6 o.c c.c
1 . 5 5 8 8 0 . 3 6 9 8 0 . 3 6 8 5 C . 3 6 1 3 5 6 . 6 0 8 5 0. 0 0 . 0
1 . 8 1 8 6 0 . 3 2 7 3 C . 3 1 C 0 C .3 ICC 9 5 . 4 4 C 2 0 . C 4 3 8 5 5 . 4 4 C 2
2 . C 7 8 4 0 . 2 7 0 1 C . 2 3 1 3 C . 2 3 1 3 9 4 . 5 9 8 3 0 . 1 5 3 0 5 4 . 5 5 8 3
2 . 3 3 8 2 0 . 1 8 4 9 0 . 1 1 5 3 0 . 1 1 5 3 5 3 . 9 8 3 7 0 . 1 4 7 3 9 3 . 5 8 3 7

► Y = 
X

0 . 0 3 8 5
IZH T Z K A E S t T X ,  TY i A R G C T X . T Y ) A B S (V X * VY ) A R G (VX t V Y )

- 2 . 3 3 8 2 0 .20Z 6 0 . 1 3 6 2 C . 1 3 6 2 2 6 9 . 3 8 5 5 4 . 5 7 0 3 2 6 9 . 3 8 5 7
- 2 . 0 7 8 4 0. 2 8 2  5 0 . 2 4 6 1 0 . 2 4 6 1 2 6 9 . 3 2 3 2 4 . C 1 3  i 2 6 5 . 3 2 3 2
- 1 . 8 1 8 6 0 . 3 3 7 6 0 . 3 2 2 0 C. 3 2 2 C 2 6 5 . 2 3 C C 3 . 6 1 2 2 2 6 9 . 2 3 0 C
- 1 . 5 5 8 8 0 . 3 7 9 0 0 . 3 7 8 9 0 . 3 7 8 9 2 6 9 . 0 6 5 7 3 . 2 6 0 6 2 6 9 . C 6 5 7
- 1 . 2 5 5 0 0 . 4 1 0 7 0 . 4 2 2 6 0 . 4 2 2 6 2 6 8 . 7 5 3 2 2 . 9 3 1 8 2 6 8 . 7 5 3 2
- 1 . 0 3 9 2 0 . 4 3 5 0 0 . 4 5 5 9 0 . 4 5 5 5 2 6 8 . 1 6 8 C 2 . 6 1 5 4 268. 168C
- C .  7 7 5 4 0 . 4 5 3 0 C . 4 8 C 6 0 . 4 8 C 6 2 6 7 . 1 3 8 2 2 . 3 0 5 5 2 6 7 . 1 3 8 2
- C . 5 1 5 6 0 . 4 6 5 4 0 . 4 9 7 7 0 . 4 S 7 7 2 6 5 . 4 6 5 3 1. 5 9 9 5 2 6 5 . 4 6 5 3
- C . 2 5 5 8 0 . 4 7 2  7 0 . 5 0 7 7 C . 5 C 7 7 2 6 2 . 9 7 3 5 1 . 6 9 4 2 2 6 2 . 5 7 3 5
C . O 0 . 4 7 5 1 0 . 5 1 1 1 C . 2 6 5 4 2 5 7 . 3 6 7 5 O . C 0 .0
C . 2 5 5 8 0 . 4 7 2 7 0 . 5 0 7 7 C . C 668 2 1 9 . 0 5 7 1 0 . 0 0 .0
0 . 5 1 5 6 0 . 4 6 5 4 0 . 4 9 7 7 C . 1 3 7 8 1 0 9 . 3 8 2 4 0 . 0 0 . 0
C . 7 7 9 4 0. 4 5 3  0 0 . 4 8 C 6 C . 2 6 C 5 9 8 . 7 4 5 3 c.c o.c
1 . C 3 5 2 0 . 4 3 5 0 0 . 4 5 5 9 0 . 3 4 1 5 9 5 . 6 1 7 5 o.c 0 .0
1 . 2 9 9 0 0 . 4 1 0 7 0 . 4 2 2 6 C .3 7 5 2 5 4 . 1 3  17 0 . 0 c.c
1 . 5 5 8 8 0 . 3 7 9 0 0 . 3 7 8 5 C . 3 7 2 2 9 3 . 2 6 2 4 o.c 0 . 0
1 . 8 1 8 6 0 . 3 3 7 6 0 . 3 2 2 0 C . 3 2 2 C 5 2 . 6 8 7 3 0. C52 1 5 2 . 6 8 7 3
2 . 0 7 8 4 0 . 2 8 2 5 0 . 2 4 6 1 0 . 2 4 6 1 5 2 . 2 7 1 8 0. 1741 9 2 . 2 7 1 8
2 . 3 3 8 2 0 . 2 0 2 6 0 . 1 3 6 3 0 . 1 3 6 3 5 1 . 9 6 6  2 0 . 1 5 7 6 5 1 . 9 6 6 2

Y=
X

0 . 0
IZH T Z K A B S (T X » TY ) A R G ( T  X »TY) A B S (V X » V Y ) A R G ( VX tVY)

- 2 . 3 3 8 2 0 . 2 0 8 1 C. 1431 C . 1 4 3 1 - 9 C . 0 0 C C 4 . 5 4 8 4 - 5 0 . 0 C 0 C
- 2 . 0 7 8 4 0 . 2 8 6  5 0 . 2 5 C 9 C . 2 5 C 5 - 5 C . 0 0 C C 4 . 0 0 5 6 - S C . C C C C
- 1 . 8 1 8 6 0 . 3 4 1 0 0 . 3 2 5 5 C . 3 2 5 5 - 9 C . 0 0 C C 3 . 6 0 8 2 - 5 0 . C C 0 C
- 1 . 5 5 8 8 0 . 3 8 2 0 0 . 3 8 2 3 0 . 3 8 2 3 - 5 C . 0 0 C 0 3 . 2 5 8 1 - 5 0 . 0 0 0 0
- 1 . 2 5 9 0 0. <*13 5 C . 4 2 5 6 0 . 4 2 5 6 - 5 C . 0 0 C C 2 . 9 3 0 1 - S C . O C C C
- 1 . 0 3 9 2 0 . 4 3 7 6 0 . 4 5 8 8 0 . 4 5 8 8 - S C . O O C C 2 . 6 1 4 3 - 5 O . C C 0 C
—C . 7 7 9 4 0 . 4 5 5 5 0 . 4 8 3 4 0 . 4 8 3 4 — 9 0 . 0 0 C C 2 . 3 0 5 8 - S C . C C C C
- C  . 5 1 9 6 0 . 4 6 7 8 0 . 5 0 C 4 C . 5 C C 4 — 5 0 . O O C O 2. 0 0 1 7 - S G . O C C C
- C . 2 5 5 8 0 . 4 7 5 1 0 . 5 1 C 3 C . 5 1 C 3 — 9 0 . 0 0 C C 1 . 7 0 0 3 - S C . C C C C
C. O 0 . 4 7 7 5 0 . 5 1 2 6 0 . 2 5 4 8 - S C . 00 CC 0. c 0 .0
C . 2 5 5 8 0 . 4 7 5 1 0 . 5 1 C 3 C . C 3 8 C - 8 5 . 9 9 5 8 o.c 0 .0
C . 5 1 5 6 0 . 4 6 7 8 C . 5 C C 4 0 . 1 3 4 2 S C . O O C C o.c 0 . 0
C . 7794 0 . 4 5 5 5 0 . 4 8 3 4 0 . 2 6 1 6 5 0 . 0 0 C C o.c o.c
1 . C 3 5 2 0 . 4 3  76 G . 4 5 8 8 0 . 3 4 4 3 S C . O O C C 0 . 0 0 .0
1 . 2 9 9 0 0 . 4 1 3 5 0 . 4 2 5 6 0 . 3 8 2 4 S C . O O C C 0 .0 0 .0
1 . 5 5 8 8 0 . 3 8 2 0 0 . 3 8 2 3 C . 3 7 5 7 9 0 . 0 0 C C 0 . 0 c.c
1 . 8 1 8 6 0 . 3 4 1 0 0 . 3 2 5 9 0 . 3 2 5 5 5 C . O O C 0 0 . 0 5 4 6 5 0 . CO CO
2 . C 784 0 . 2 8 6 5 0 . 2 5 C 9 0 . 2 5 C 5 9 0 . 0 0 C C 0. 1805 S C . O C C C  ..
2 . 3 3 8 2 0 . 2 0 8 1 0 . 1 4 3 1 C . 1 4 3 1 S C . O O C C 0. 16 1C 5 0 . 0 C 0 C



41
* * * * *  Y= - 0 . 0 3 8 5

X T Z H T Z K A B S ( T X » T Y  ) A R G ( T ) » T Y J A B S ( VX *V Y  ) A R G ( VX t V Y J
- 2 . 3 3 8 2 0 . 2 0 2 6 0 . 1 3 6 2 C . 1 3 6 2 - 8 9 . 3 8 5 7 4 . 5 7 0 3 - 6 9 . 3 6 5 7
- 2 . 0 7 8 4 0 . 2 8 2 5 0 . 2 4 6 1 0 . 2 4 6 1 - 8 9 . 3 2 3 4 4 . 0 1 3 1 - 8 9 . 3 2 3 4
- 1 . 8 1 6 6 0 . 3 3 7 6 0 . 3 2 2 0 0 . 3 2 2 0 - 8 9 . 2 3 C 1 3 . 6 1 2 2 - 8 S . 2 3 C 1
- 1 . 5 5 8 8 0 . 3 7 9 0 0 . 3 7 8 9 C . 3 7 6 S - 8 9 . 0 6 5 6 3 . 2 6 0 6 - 8 9 . 0 6 5 6
- 1 . 2 9 9 0 0 . 4 1 0 7 0 . 4 2 2 6 0 . 4 2 2 6 - 8 8 . 7 5 3 2 2 . 5 3 1 6 - 8 8 . 7 5 3 2
- 1 . 0 3 9 2 0 . 4 3 5 0 0 . 4 5 5 9 C . 4 5 5 9 - 8 8 . 1 6 7 9 2 . 6 1 5 4 - 8 8 . 1 6 7 9
- C . 7 7 9 4 0 . 4 5 3  0 0 . 4 8 0 6 C . 4 8 C 6 - 8 7 . 1 3 6 C 2 . 3 0 5 9 - 8 7 . 1 3 6 C
- C . 5 1 9 b 0 . 4 6 5 4 C . 4 9 7 7 C . 4 9 7 7 - 8 5 . 4 6 5 2 1 . 9 9 9 9 - 8 5 . 4 6 5 2
- C . 2 5 9 8 0 . 4 7 2 7 0 . 5 0 7 7 0 . 5 0 7 7 - 8 2 . 9 7 3 5 1 .  6 9 4 2 - 8 2 . 9 7 3 5

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

G . 2 5 9 8 0 . 4 7 2 7 0 . 5 0 7 7 C . 0 6 6 6 - 3 9 . 0 5 4 3 0 .  c 0 . 0

C . 5 1 5 6 0 .  4 6 5 4 C . 4 9 7 7 C . 1 3 7 8 7 0 . 6 1 4 6 0 . 0 0 . 0

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

1 . C 3 9 2 0 . 4 3 5 0 0 . 4 5 5 9 C . 3 4 1 9 8 4 . 3 8 1 3 o . c 0 . 0

1 . 2 9 9 0 0 . 4 1 0 7 0 . 4 2 2 6 C . 3 7 9 2 8 5 . 8 6  76 0 . 0 0 . 0

1 . 5 5 8 8 0 . 3 7 9 0 0 . 3 7 8 9 0 . 3 7 2 2 8 6 * 7 3 C 8 o . c C . C
1 . 8 1 8 6 0 . 3 3 7 6 0 . 3 2 2 0 C . 3 2 2 C 8 7 . 3 12C 0 . 0 5 2  1 8 7 . 3 1 2 C
2 . C 7 8 4 0 . 2 8 2 5 0 . 2 4 6 1 0 . 2 4 6 1 8 7 . 7 2 7  8 0 .  1 741 8 7 . 7 2 7 6
2 . 3 3 8 2 0 . 2 0 2 6 0 . 1 3 6 3 C . 1 3 6 3 8 8 . 0 3 3 6 0 .  1 5 7 6 8 8 . 0 3 3 6

* * * * *  Y~ 
X

- 0 . 0 7  70 
T Z H T Z K A B S ( T >  t T Y 1i A R G ( T  > » T Y ) A B S ( VX » V Y ) ARG C V X  t V Y  )

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

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

C . 5 1 9 6 0 . 4 5 8 0 0 . 4 8 9 7 0 . 1 4 6 3 5 2 . 2 8 3 9 O . C C . C
C . 7 7 9 4 0 . 4 4 5 3 0 . 4 7 2 3 C . 2 5 7 C 7 2 . 2 3 C 5 0 . 0 0 . 0

1 . C 3 9 2 0 . 4 2 7 1 0 . 4 4 7 2 0 . 3 3 4 1 7 8 . 5 8 C 4 O . C o . c
1 . 2 9 9 0 0 . 4 0 2 3 0 . 4 1 2 2 C . 3 6 9 5 8 1 . 6 1 6 9 o . c 0 . 0

1 . 5 5 8 8 0 . 3 6 9  8 0 . 3 6 8 5 0 . 3 6 1 3 8 3 . 3 9 C 6 0 . 0 0 . 0

1 . 8 1 8 6 0 . 3 2 7 3 C . 3 1 C C 0 . 3 1 0 C 8 4 . 5 5 5 3 0 . 0 4 3 6 8 4 . 5 5 5 2
2 . 0 7 8 4 0 . 2 7 0 1 0 . 2 3 1 3 0 . 2 3 1 3 8 5 . 4 0 1 3 0 .  1 53 C 8 5 . 4 C 1 3
2 . 3 3 8 2 0 . 1 8 4 9 0 . 1 1 5 3 0 . 1 1 5 3 8 6 . 0 1 6 1 0 . 1 4 7 3 6 6 . C 16 1

* * * * *  y =  

X
- 0 . 1 1 5 5

T Z H T Z K A B S ( T X t T Y  J A R G ( T X . T Y ) A B S ( V X  t V Y  ) A R G ( VX  » V Y )
- 2 . 3 3 8 2 0 . 1 5 1 0 0 . 0 7 1 1 0 . 0 7 1 1 - 8 8 . 1 6 6 5 4 . 8 5 0 6 - 8 8 . 1 6 6 5
- 2 . 0 7 8 4 0 . 2 4 8 1 0 . 2 0 4 7 0 . 2 0 4 7 - 8 7 . 9 9 C 3 4 . 0 8 6  9 - 8 7 . 9 9 0 3
- 1 . 8 1 8 6 0 . 3 0 9 4 0 . 2 8 9 1 0 . 2 8 9 1 - 8 7 . 7 3 7 6 3 .  6 4 6 6 - 8 7 . 7 3 7 6
- 1 . 5 5 8 8 0 . 3 5 4 1 C . 3 5 C 5 0 . 3 5 C 5 - 8 7 . 3 1 4 8 3 . 2 8 3 1 - 8 7 . 3 1 4 6

- 1 . 2 9 9 0 0 . 3 8 7 9 0 . 3 9 7 0 C . 39 70 - 8 6 . 5 2 6 C 2 .  9 4 7 1 - 8 6 . 5 2 6 0
-  1 . C 3 9 2 0 . 4 1 3 5 0 . 4 3 2 2 0 . 4 3 2 2 - 8 5 . 0 4 1 8 2 . 6 2 5 7 - 8 5 . 0 4 1 6
- C . 7 7 9 4 0 . 4 3 2 4 0 . 4 5 6 2 C . 4 5 6 2 — 8 2 . 3 9 C C 2 . 3 1 0 2 - 8 2 . 3 5 0 0
- C . 5 1 9 6 0 . 4 4 5 3 0 . 4 7 6 1 0 . 4 7 6 1 - 7 8 . 0 0 6 3 1 . 9 9 2 4 - 7 8 . C C 6 3
- C . 2 5 9  8 0 . 4 5 3 0 0 . 4 8 6 5 0 . 4 8 6 5 - 7 1 . 3 7 C C 1 . 6 6 1 8 - 7 1 . 3 7 0 C

0 . 0 0 . 4 5 5 5 0 . 4 9 0 0 C . 3 3 9 7 - 5 9 . 8 0 6 6 C . C 0 . 0

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

C . 5 1 9 6 0 . 4 4 5 3 0 . 4 7 6 1 0 . 1 6 4 5 3 5 . 4 2 4 6 0 . 0 C . C
C . 7 7 9 4 0 . 4 3 2 4 C . 4 5 6 2 0 . 2 5 1 0 6 2 . 5 7 6 3 0 . 0 O . C
1 . 0 3 9 2 0 . 4 1 3 5 0 . 4 3 2 2 0 . 3 2 0 6 7 2 . 3 5 7 5 0 .  0 0 . 0

1 •2 9 9 0 0 . 3 8 7 9 0 . 3 9 7 C C . 3 5 2 5 7 7 . 0 9 1 5 0 . 0 C . 0
1 . 5 5 8 8 0 . 3 5 4 1 C . 3 5 C 5 C . 3 4 2 2 7 9 . 8 5 C 3 0 .  c 0 . 0
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1 . 81 66 0 . 3 0 9 4 0 . 2 8 9 1 0 . 2 8 9  1 8 1 . 6 5 5 2 C . C 2 7 3 8 1 . 6 5 9 C
2 . C 7 8 4 0 . 2 4 8 1 0 . 2 0 4 7 C . 2 C 4 7 8 2 . 9 5 C 3 C. 1 0 9 3 8 2 . 9 5 0 3
2 . 3 3 8 2 0 . 1 5 1 0 0 . C 7 9 0 C . C 7 9 C 8 3 . 8 8 5 0 0. 1 2 8 8 8 3 . 8 8 4 C

** Y= 
X

-0 . 1 5 4 0
T Z H T Z K A B S I T X . T Y l A R G ( T  X »TYI A B S t V X . V Y ) ARG (VX.'

- 2 . 0 7 8 4 0 . 2 1 3 5 C . 1625 0 . 1 6 2 5 - 8 7 . 3 4 0 8 4 . 1 8 4 3 - 8 7 . 3 4 C 8
- 1 . 8 1 6 6 0 . 2 8 2 5 0 . 2 5 7 4 C . 2 5 7 4 — 8 7 . 0 2  5C 3 . 6 9 0 1 - 8 7 . 0 2 9 C
- 1 . 5 5 8 8 0 . 3 3 0 8 0 . 3 2 3 8 C . 3 2 3 6 - 8 6 . 5 3 2 C 3 . 3 0 6  8 - B 6 . 5 3 2 C
- 1 . 2 9 9 0 0 . 3 6 6 7 0 . 3 7 3 3 0 . 3 7 3 3 - 8 5 . 6 2 5 2 2 . 9 6 2 7 - 8 5 . 6 2 9 2
- 1 . C 3 9 2 0 . 3 9 3 7 C . 4 1 C 4 C . 4 1 C 4 - 8 3 . 9 3 2 C 2 . 6 3 6 6 - 8 3 . 9 3 2 C
- 0 . 7 7 9 4 0 . 4 1 3 5 0 . 4 3 7 6 C . 4 3 7 6 - 8 0 . 8 6 3 7 2 . 3 1 7 4 - 8 0 . 8 6 3 7
- C . 5 1 9 6 0 . 4 2 7 1 0 . 4 5 6 2 C . 4 562 - 7 5 . 7 0 8 8 1. 9 9 4 0 - 7 5 . 7 C 88
- C . 2 5 9 8 0 . 4 3 5 0 0 . 4 6 7 2 C . 4 6 7 2 - 6 7 . 7 7 5 1 1 . 6 5 1 9 - 6 7 . 7 7 5 1
C . O 0 . 4 3 7 6 C . 4 7 C 8 0 . 3 5 6 2 - 5 5 . 6 5 2 4 0 . 0 0 . 0
C . 2 5 9 8 0 . 4 3 5 0 0 . 4 6 7 2 0 . 2 2 7 5 - 2 8 . 9 9  18 0. 0 0 .0
C . 5 1 5 6 0 . 4 2 7  1 0 . 4 5 6 2 C . 1 8 5 C 1 9 . 5 4 2 1 0 . 0 o.c
C . 7 7 9 4 0 . 4 1 3 5 0 . 4 3 1 6 C • 2 4 1 4 5 1 . 6 4 6 5 0 . 0 0 . 0
1 . 0 3 9 2 0 . 3 9 3 7 0 . 4 1 C 4 0 . 2 9 9 5 6 5 . 2 8 1 4 o.c o.c
1 . 29 90 0 . 3 6 6 7 0 . 3 7 3 3 C . 3 2 6 1 7 2 . 0 1 3 8 C . C 0 . 0
1 . 5 5 8 8 6 . 3 3 0 8 0 . 3 2 3 8 C . 3 1 2 9 7 5 . 9 1 5 6 C . C C . C
1 . 8 1 8 6 0 . 2 8 2  5 0 . 2 5 7 4 C . 2 5 7 3 7 8 . 4 4 4 3 o.c 0 . 0
2 . 0 7 8 4 0 . 2 1 3 5 0 . 1 6 2 5 0 . 1 6 2 3 8 0 . 2 5 8 7 o.c C . C
2 . 3 3 8 2 0. 0 8 2 7

i
0 . C 2 4 7 0 . 0 2 4 7 81. 54 C 2 0 . C 9 9 6 8 1 . 5 4 0 1

** Y = 
X

-0 . 1 9 2 4
I Z H T Z K A B S t T X t l Y l A R G ( T  > tTY) A B S (V X  »V Y ) A R G  C VX *'

- 2 . C 7 8 4 0 . 1 5 8 4 0 . 0 9 3 9 0 . C 9 3 5 - 8 6 . 7 0 4 4 4. 4 2 5 9 — 8 6 . 7 C 4 4
- 1 . 8 1 8 6 0 . 2 4 3  5 0 . 2 1 C 9 C . 2 1 C 5 - 8 6 . 3 4 7 2 3 . 7 6 5 1 - 8 6 . 3 4 7 2
- 1 . 5 5 8 8 0 . 2 9 8 2 0 . 2 8 6 2 C . 2 8 6 2 - 8 5 . 8 1 5 8 3 . 3 4 5 6 - 8 5 . 8 1 9 8
- 1 . 2 9 9 0 0 . 3 3 7 6 C . 3 4 C 4 0 . 3 4 0 4 - 8 4 . 9 2 3 5 2 . 9 8 7 0 - 8 4 . 9 2 3 5
- 1 . C 3 9 2 0 . 3 6 6 7 0 . 3 8 C 5 0 . 3 8 0 5 - 8 3 . 2 8 5 8 2 . 6 5 3 6 - 8 3 . 2 8 5 8
- C . 7 7 9 4 0 . 3 8 7 9 C . 4 C 9 6 0 . 4 C 9 6 - 8 0 . 3 2 7 6 2 . 3 3 0 8 - 8 0 . 3 2 7 6
- C . 5 1 9 6 0 . 4 0 2 3 0 . 4 2 9 4 0 . 4 2 5 4 - 7 5 . 2 9 5 2 2 . 0 0 6 5 - 7 5 . 2 9 5 2
- C . 2 5 9 8 0 . 4 1 0 7 C . 4 4 1 0 0 . 4 4 1 C - 6 7 . 4 0 5 6 1 . 6 6 5 7 - 6 7 . 4 0 9 6
C . O 0 . 4 1 3 5 0 . 4 4 4 8 0 . 4 4 4 8 - 5 6 . 1 8 1 4 1 . 2 9 2 2 - 5 6 . 1 8 1 4
C . 2 5 9 8 0 . 4 1 0 7 0 . 4 4 1 0 0 . 2 9 5 2 - 3 7 . 1 3 5 5 0 . 0 C . C
C . 5 1 9 6 0 . 4 0 2 3 0 . 4 2 5 4 C - 2 C 4 7 - 1 . 6 9 6 5 0. 0 0.0
C . 7 7 9 4 0 . 3 8 7 9 0 . 4 C 5 6 C . 2 1 2 C 3 4 . 9 2 C 2 o.c 0 . 0
1 . 0 3 9 2 0 . 3 6 6 7 C . 3 8 C 5 C . 2 4 5 3 5 4 . 9 5 7 0 o.c 0 .0
1 . 2 9 9 0 0 . 3 3 7 6 0 . 3 4 0 4 0 . 2 6 7 C 6 5 . 0 9 2 5 o.c o.c
1 . 5 5 8 8 0 . 2 9 8 2 C . 2 8 6 2 0 . 2 5 5 3 7 0 . 8 5 5 5 0 . 0 0 . 0
1 . 8 1 8 6 0 . 2 4 3 5 0 .2 1C5 C • 1 5 1 1 7 4 . 5 1 1 6 o.c C . C
2 . C 7 8 4 0 . 1 5 8 4 O . C 5 5 7 0 . 0 5 0 4 7 7 . 0 1 1 3 o.c 0 . 0

Y = 
X

-0 . 2 3 0 9
I Z H T Z K A B S I T X . T Y l A R G l T  > ,TY) A B S t V X . V Y I ARGIVX,'

- 1 . 8 1 8 6 0 . 1 8 4 9 0 . 1 3 5 9 0 . 1 3 5 9 - 8 5 . 6 8 6 2 3 . 9 3 4 9 - 8 5 . 6 8 6 2
- 1 . 5 5 8 8 0 . 2 5 2 7 0 . 2 3 3 0 C . 2 3 3 C - 8 5 . 1 4 2 9 3 . 4 1 5 0 - 8 5 . 1 4 2 9
- 1 . 2 9 9 0 0 . 2 9 8 2 0 . 2 9 5 6 0 . 2 9 5 6 - 8 4 . 3 C 5 2 3 . 0 2 6  l - 8 4 . 3 0 9 2
- 1 . C 3 9 2 0 . 3 3 0  8 C . 3 4 C 5 0 . 3 4 0 5 - 8 2 . 8 8 7 3 2 . 6 7 9 3 - 8 2 . 8 8 7 3
— C . 7 7 9 4 0 . 3 5 4 1 0 . 3 7 2 6 0 . 3 7 2 6 - 8 0 . 3 8 6 7 2 . 3 5 0 5 - 8 0 . 3 8 6 7
- C . 5 1 9 6 0 . 3 6 9  8 C . 3 9 4 2 0 . 3 9 4 2 - 7 6 . 1 3 1 7 2 . 0 2 6 6 - 7 6 . 1 3 1 7
- C . 2 5 9 8 0 . 3 7 9  0 0 . 4 0 6 8 0 . 4 0 6 8 - 6 9 . 3 6 7 5 1 . 6 9 4 8 - 6 9 . 3 6 7 5
C . C 0 . 3 8 2 0 0 . 4 1 C 9 C . 4 1 C 5 - 5 9 . 5 1 3 9 1 . 3 4 0 9 - 5 9 . 5 1 3 4
0 . 2 5 9 8 0 . 3 7 9 0 0 . 4 0 6 8 C . 3 7 0 7 — 4 5 . 9 1 C9 0. 0 0 .0
C . 5 1 9 6 0 . 3 6 9 8 0 . 3 9 4 2 G . 2 4 C 3 - 2 3 . 0 6 5 4 0 . 0 O . C
C . 7 7 9 4 0 . 3 5 4 1 0 . 3 7 2 6 C . 1872 1 C . 2 4 C 6 0. c 0 . 0
1. 03 92 0 . 3 3 0 8 0 . 3 4 C 5 0 . 1 8 7 6 3 8 . 2 0  £C C . C C . C
1 . 2 9 9 0 0 . 2 9 8 2 0 . 2 9 5 6 C . 1 8 5 6 5 4 . 3 3 8 8 0 . 0 0 . 0
1 . 5 5 8 8 0 . 2 5 2 7 0 . 2 3 3 0 C . 1 6 4 8 6 3 . 4 3 6 3 c. c C . C
1 . 61 86 0. 1 8 4 9 0 . 1 3 9 9 C . 1 C 2 5 6 9 . 0 1 1 1 o.c 0 . 0
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* * * * *  Y= - 0 . 2 6 9 4
X TZH T Z K A B S ( T X , T Y ) A R G ( T > , TYJ A B S ( V X , V Y ) A R G f VX *VY

- 1 . 5 5 8 8 0 . 1 8 4 9 0 . 1 5 2 1 C . 1 5 2 1 - 8 4 . 4 8 2 3 3 . 5 7 8 2 - 8 4 . 4 6 2 3
- 1 . 2 9 9 0 0 . 2 4 3 5 0 . 2 3 2 7 C . 2 3 2 7 - 8 3 . 6 9 6 3 3 . C 9 9 1 - 8 3 . 6 5 6 3
- 1 . 0 3 9 2 0 . 2 8 2 5 0 . 2 8 6 3 0 . 2 8 6 3 — 8 2 . 4 9 C 3 2. 7 2 1 7 - 6 2 . 4 5 C 3
- C . 7 7 5 4 0 . 3 0 9 4 C . 3 2 3 4 € . 3 2 2 4 - 8 C . 5 0 4 C 2 . 3 7 9 1 - 8 0 . 5 C 4 C
- C . 5 1 9 6 0 . 3 2 7 3 0 . 3 4 8 0 0 . 3 4 8 C - 7 7 . 2 0 7 2 2 . 0 5 0 7 - 7 7 . 2 C 7 2
- C . 2 5 S 8 0. 337** C . 3 6 2 2 0 . 3 6 2 2 - 7 1 . 9 5 6 7 l . 7 2 4 2 - 7 1 . 5 5 8 7
C . O 0 . 3 4 1 0 0 . 3 6 6 8 0 . 3 6 6 8 - 6 4 . 1 8 C C 1 . 3 8 9 0 - 6 4 . 1 £ C C
C . 2 5 9 8 0 . 3 3 7 6 C . 3 6 2 2 0 . 3 6 2 2 - 5 3 . 6 6 6 4 1 . 0 3 8 ? - 5 3 . 6 6 6 4
0 . 5 1 9 6 0 . 3 2 7 3 C . 3 4 8 C C . 2 8 4 6 - 3 9 . 0 5 3 1 0.  0 0 . 0
C . 7 7 9 4 0 . 3 0 9 4 0 . 3 2 3 4 C. 1855 - 1 6 . 2 5  CO 0 . 0 0 . 0
1 . 0 3 9 2 0 . 2 6 2 5 0 . 2 8 6 3 C . 1 3 8 5 1 2 . 8 6 4 C 0.  c 0 . 0
1 . 2 9 9 0 0 . 2 4 3 5 0 . 2 3 2 7 C . 1 1 5 C 3 6 . 8 0 4 4 0 . 0 C . C
1 . 5 5 8 8 0 . 1 6 4 9 0 . 1 5 2 1 0 . 0 7 5 2 5 1 . 7 4 C 5 0 . 0 0 . 0
1 . 8 1 8 6 0 . 0 6 7 5 0 .0 2 1 1 C . C 1 2 5 6 0 . 7 8 1 1 G . C C . C

» *  Y= 
X

- U . 3 0 7 9
TZH T Z K A B S  C T X f T Y  31 A R G t T X » T Y J A B S (V X  » V Y ) A R G 1 V X f V Y

- 1 . 2 9 9 0 0 . 1 5 6 4 0 . 1 3 1 9 C . 1 3 1 9 - 8 3 . 0 7 6 2 3 . 3 0 6 1 - 8 3 . C 7 6 2
- 1 . G 3 9 2 0 . 2 1 3 5 0 . 2 0 7 8 0 . 2 0 7 8 - 8 2 . 0 0 6 7 2 . 8 1 0 5 - 8 2 . C C 6 7
— C . 7 7 9 4 0 . 2 4 8  1 0 . 2 5 5 4 0 . 2 5 5 4 - 8 0 . 4 1 6 2 2 . 4 2 9  1 - 8 0 . 4 1 8 2
- 0 . 5 1 9 6 0 . 2 7 0 1 0 . 2 8 5 6 0 . 2 8 5 6 - 7 7 . 9 5 5 3 2 . C 8 3 4 - 7 7 . 9 5 5 3
- C . 2 5 9 8 0 . 2 8 2 5 C . 3 0 2 7 C . 3 C 2 7 - 7 4 . 1 5 1 7 1 . 7 5 1 5 - 7 4 . 1 5 1 7
C . O 0 . 2 8 6 5 0 . 3 0 8 2 C . 3 C 8 2 - 6 8 . 5 3 3 8 1. 4 21 5 - 6 8 . 5 3 3 6
C . 2 5 9 8 0 . 2 8 2  5 0 . 3 0 2 7 C . 3 0 2 7 - 6 0 . 8 2 8 6 1 . 0 8 7 9 - 6 0 . 8 2 8 6
C . 5 1 9 6 0 . 2 7 0 1 0 . 2 8 5 6 0 . 2 8 5 6 - 5 1 . 2 7 7 9 0 . 7 4 5 3 - 5 1 . 2 7 7 9
C . 7 794 0 . 2 4 8 1 0 . 2 5 5 4 0 . 1 8 6 4 - 3 7 . 7 4 8 2 0 . 0 O . C
1 . 0 3 9 2 0 . 2 1 3 5 0 . 2 0 7 8 0 . 1 C 3 2 - 1 7 . 7 1 1 8 0.  0 0 . 0
1 . 2 9 9 0 0 . 1 5 8 4 0 . 1 3 1 9 C . C 4 S 6 7 . 7 1 6 3 0 . 0 0 . 0
1 . 5 5 8 8 0 . 0 0 0 2 O. CCCO C . C C . O 0.  0 0 . 0

** y= 
X

- 0 . 3 4 6 4
T Z H T Z K A B S ( T X , T \ ] A R G ( T X . T Y ) A B S ( V X  t V Y 1 A R G ( VX »VY

- 1 . C 3 9 2 0 . 0 8 2 7 0 . 0 5 1 4 0 . 0 5 1 4 - 8 1 . 5 0 1 2 3 . 3 6 0 6 - 8 1 . 5 0 1 2
- C . 7 7 9 4 0 . 1 5 1 0 0 . 1 4 5 3 0 . 1 4 5 3 - 8 0 . 1 3 6 7 2 . 5 7 8 2 - 8 0 . 1 3 6 7
- C . 5 1 9 6 0 . 1 8 4 9 0 . 1 9 2 0 0 . 1 9 2 0 - 7 8 . 2 2 5 5 2 . 1 5 3 8 - 7 8 . 2 2 5 5
- 0 . 2 5 9 8 0 . 2 0 2 6 0 . 2 1 6 3 C . 2 1 6 3 - 7 5 . 5 1 7 5 1. 7 8 8 5 - 7 5 . 5 1 7 5
C . O 0 . 2 0 8 1 0 . 2 2 3 9 C . 2 2 3 9 - 7 1 . 7 4 6 1 1 . 4 4 1 1 - 7 1 . 7 4 6 0
C . 2 5 9 8 0 . 2 0 2 6 0 . 2 1 6 3 C . 2 1 6 3 - 6 6 . 7 6 6 4 1 . 0 9 5 4 - 6 6 . 7 6 6 4
C . 5 1 9 6 0 . 1 8 4 9 0 . 1 9 2 0 0 . 1 9 2 0 - 6 C . 7 8 6 C 0 . 7 3 7 4 - 6 C . 7 6 6 C
C . 7 7 9 4 0 . 1 5 1 0 0. 1453 C . 1 2 6 3 - 5 3 . 5 0 6 5 0 . 0 0 . 0
1 . C 3 9 2 0 . 0 8 2 7 0 . 0 5 1 9 0 . C 2 7 3 - 4 3 . 4 5 3 4 C . C C . C



APPENDIX B

LISTING AND TEST PROBLEM FOR 
SUBR0UTINE F0RCES

(F0RTRAN IV G1 RELEASE 2.0)



MAIM

C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

85 0

9 9 9
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TC U S E  S U B R O U T I N E  F O R C E S *  T E E  P A R A M E T E R S  T R A N S F E R R E D  F R O M  T H E  M A I N  
P R O G R A M  A R E I A , B ,N U ,L X N , U Y N  , P H N , N X , N Y , C M ) T E E  S U E R C U T I N E  T H E N  
D E T E R M I N E S  T H E  N O R M A L I Z E D  R E S U L T A N T  F O R C E S  F X N  A N D  F Y N .
T H I S  P R O G R A M  C O N T A I N S  S U B R O U T I N E S  F O R C E S ,M A A K Z , R C L  ,ANC C O N S T

( A A N D  B A R E T H E  N O R M A L I Z E D  C O N T A C T  E L L I P S E  
D I M E N S I O N S *  W H E R E  IF A 1  A N D  B1 A R E T H E A C T U A L  
D I M E N S I O N S  T H E N  A = A 1 / S C R T ( A l  + B l ) AND 
E = B 1 / S C R T ( A 1 * B 1 ) .  N O T E  A / B >= 0 . 1  
NU IS P O I S S C N ’S R A T I O .  T E I S  IS T H E  O N L Y  
I N F O R M A T I O N  N E E D E O  TO C O M P U T E  I I N T E R N A L L Y )  F R O M  
M I N E R ' S  T A B L E S  AND A S Y M P T O T I C  E X P A N S I O N S ,  < S E E  
S U B R O U T I N E  C O N S T  )* T H E  L I N E A R  C R E E P A G E  A N D  S P I N  
C O E F F I C I E N T S ,  C I J ,  A N D  T H E  N O R M A L I Z E D  M O D U L U S ,  G S . 
T H E  C O N S T A N  T G S = G * ( C * * * 3  ) / ( R H C * N ) ,W H E R E  C=
S G R T  (A 1 * B 1 ) , 1/ R FG= 1 / 4 * ( 1 / R 1 +  ♦ 1 / R 1 -  + 1 / R 2 +  +
1 / R 2 - ) , A N D  N=RE S U L T A N T  N C P M A L  F O R C E .
T H E S E  A R E  U S E D  IN T H E  P R O G R A M  T C  C O M P U T E  T H E I N V E R S E  
S T I F F N E S S E S  SX A N D  SY.
T H E N  S X = 8 * A / ( 3 * C l l * G S ) , S Y = B * A / ( 3 * C 2 2 * G S ) ,
H C = 3 2 * S Q R T  I E / A ) * C 2 3 / ( 3 * P I * C 2 2 )  AND P H N N = H C * P H N  
N O T E ,  T H E  O P E R A T I O N  P H N N - H C * P H N  IS C C N E  IN THE 
P R O G R A M .  T H E  N O R M A L I Z E D  S P I N  P H N = P H * R H O / M U  IS 
THE V A L U E  T R A N S F E R E E  T C  T H E S U E R C U T I N E  
U X N  A N D  U Y N  ARE N O R M A L I Z E D  CREEPAC-ES, P H N  
IS THE N O R M A L I Z E D  S P I N ) ,
U X N = U X * R H O / ( M U * C ) ,  U Y N = U Y * R H C / (M U * C ), P H N = P H * R H O / M U  
N X , N Y  ( L A T T I C E  P O I N T S  IN C O N T A C T  R E G I O N ,
( I * A / N X , J * E / N Y ) , - N X < I < N X ,  — N Y < J < N Y , A C C U R A C Y  
I N C R E A S E S  W I T H  I N C R E A S I N G  N X , N Y  T Y P I C A L  V A L U E S  N X  
= 3C , N Y = I O . M A X I M U M  V A L U E S ;  N X , N Y = 4 C .  F O R  A / B = I O  
NX = 40 ♦ N Y - 1  C , F O R  A / E = O . I  N X = 1 0 , N Y = 4 C , F O R  A / B = l  
N X = N Y = 2 0 ,  A R E T Y P I C A L  V A L U E S .
C M  (AN I N C R E M E N T A L  S T E P  IN T H E  C O M P U T A T I O N ,
A C C U R A C Y  I N C R E A S E S  W I T H  D E C R E A S I N G  CM, T Y P I C A L  
V A L U E = C . 0 2 * A  )
THE N O R M A L I Z E D  F O R C E S  R E T U R N E D  A P E 
F X N - F X / (M U * N ), F Y N = F Y / ( M U * N )

N O T E :  A L L  V A R I A B L E S  H A V E  B E E N  N O R M A L I Z E D  S U C H  
***** T H A T  T H E  C O E F F I C I E N T  C F  F R I C T I O N ,  MU, D O E S  N O T  
* * * * *  E X P L I C I T L Y  A P P E A R .

R E A D (1,*) N V 1  
D O  S9S I -1 ,KV1
R E A D ( 1,* ) A , 8 , N U , U X N , U Y N , P H N , N X , N Y , D M  
C A L L  F G F C E S C A , B , N U , U X N , U Y N , P H N ,  N X » N Y »  DM » F X N » F Y N )

W R I T E  (3, € 5 0  A , B , N U , U X N , U Y N , F H N , N X  , N Y , O M , F X N , F Y N
F O R M A T ! / / , 1 2 X , ' A = * , 1 PEI 1.4 , / , 12X , *B= ' , I P E 1 1 . 4 , / ,  1 1 X, 'NU= *, 1 P E 11 . 4 ,  

$ / , 1 C X , ' U X N = * , 1 P E 1 1 . 4 , / , I 0 X , * U Y N = * , 1 P E 1 1 . 4 , / , I 0 X , ,P H N = ' , 1 P E I I . 4 , / , 
S 1 1 X ,  'N X = ', 13 , / , l l X , ' N Y = ' ,  13 , / , l I X , • D M =  ' , IPE 1 1 . 4 , / ,  1CX, • F
* X N = » , 1 P E 1 1 . 4 , / , 1 C > , ' F Y N = » , I F E 1 I . 4 , / /  )
C O N T I N U E

S T O P
END
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FORCES 46
SEE " S I M P L I F I E D  TFECPY CF ROLLING CONTACT” , BY J . J .  KALKER 
DELFT PRCGR. R E P . ,  SERIES C :  MECHANICAL ANC AERCNALTICAL 
ENGINEERING ANC S H IP B U IL D IN G ,  l  ( 1 9 7 3 )  F P . 1 - 1 C  
SUBROUTINE FORCES(A , B, NU,UXN,UYN, PHN, NX, NY, CM,FXN, FYN )

C * * * * *  A AND E ARE THE NORMALIZED CONTACT ELLIPSE DIMENSIONS, NU
C * * * * *  IS F C IS S C N 'S  RATIO.  NCTE, A/B MUST BE . G E .  C . l
C * * * * *  UXN ANC UYN ARE THE NORMALIZED CREEPAGES ANC PHN I S  THE
C * * * * *  NORMALIZED S P I N .  UXN=UX*R HC/( MU*C) ,  UYN=U Y*R H G /(M U *C ) ,
C * * * * *  PHN=PH*RHC/MU .
C * * * * *  NX AND NY ARE LATTICE POINTS I N  THE CONTACT REGION,
C * * * * *  ( I * A / N X , J * B / N Y )  , - N X  . G E .  I  . L E .  NX,  -N Y  - G E .  J . L E .  NY
c * * * * *  ACCURACY INCREASES WITH INCREASING N X ,N Y .  TYPICAL VALUES
C * * * * *  N X = 3 C ,  N Y= 1 C ,  MAXIMUM VALUES N X , N Y = 4 0 .  CM IS  A STEP
C * * * * *  ACCURACY INCREASES WITH DECREASING DM, TYPICAL VALUE=C.C2*A
C * * * * *  NORMALIZED FORCES ARE RETURNED WHERE F X N = F X / (M U * N )
C * * * * *  F Y N = F Y / ( M U * N )  WITH N=RESUL TANT NORMAL FORCE

REAL > ( 8 1 , 8 1 ) , Y ( € 1 , 8 1 ) , V X ( 8 1 , 8 1 ) , V Y ( 8 1 , 8 1 ) , G ( 8 1 , 1 C )
REAL C S ( 3 ) , GEL( 5  )

REAL CNT( 5 )
REAL U X , U Y , P H , S X , S Y , A , B , M U Z , F X , F Y , M Z , U , U E , U E , U D , C M , A E , A D , A E , T X , T Y ,  

$P»G»APG,GR*AL,NU  
INTEGER N X , N Y , I , j , N X « N Y , L Y , N F , N S
DATA X » Y , V X » V Y , G / 6 5 6 1 * G . O » 6 5 6  l * Q . C » 6 5 6 1 * C . C , 6 5 6 l * C . 0 »

$ 8 1 C * C . O /
CALL C 0 N S T ( A , B , N U , C 1 1 , C 2 2 , C 2 3 , C 3 3 , G S )
P I = 3 . 14159  
G R = P I / 1 8 0 . 0  
MX= 3 * NX

O O C C O O I C
0 C C C C 0 2 C
0 C C C C C 3 C
0 C C C 0 0 4 0
0 Q C C 0 0 5 0
0 C C C C C 6 C
0 0 C 0 0 0 7 0
occcccec
0 0 0 0 0 0 9 0  
0 C C C C 1 C C  
0 0 C C C 1 1 0  
0 0 C C C 1 2 C  
O O C C 0 1 3 C  
0 G C C C 1 4 0  
O 0 C C C 1 5 0  
O O C C 0 1 6 O  
0 C C C C 1 7 C  
0 0 0 0 0 1 8 0  
0 C C C C 1 9 C  
00000200 
0 0 C C C 2 1 0  
G C C C C 2 2 C  
O C C C C 2 3 0  
0 C C C 0 2 4 0  
0 C C C G 2 5 0  
0 C C C G 2 6 0  
0 0 0 0 0 2 7 0  
C C C C C 2 8 C

MY=3*NY
LY=3*NY

1022  M U Z = 3 . C / ( 2 . C * P I )
S X = 8 . C * A / ( 3 . 0 * C 1 1 * G S )
S Y = 8 . C * A / ( 3 . 0 * C 2 2 * G S )  
H C = 3 2 . 0 * S C R T ( E / A ) * C 2 3 / ( 3 . 0 * P I * C 2 2 )

1 0 2 /  GEL(5  )=DM 
GEL( 1 )=SX 
G E H 2  )=SY 
GEL( 3 )=A 
GEL(4 )=B 
PHNN=HC*PHN 
CS( 1 )=UXN 
C S (2 )= U Y N  
CS(3  )=PHNN
CALL ROL(CS,GEL,MUZ , N X ,N Y , X , Y , VX , V Y , G , F X , F Y , M Z )
FXN=FX
FYN*FY
RETURN
ENO

0 0 0 0 0 2 9 0  
C C C C C 3 C C  
O O C C C 3 1 C  
0 C C C C 3 2 0  
0 C C C C 3 3 G  
0 C C C C 3 4 C  
0 0 C C C 3  5 0  
0 0 0 C C 3 6 0  
0 C C C C 3 7 C  
0 0 0 0 0 3 8 0  
0 C C C C 3 9 C  
O Q C C 0 4 0 0  
0 0 C C 0 4 1 0  
0 C C C C 4 2 C  
O C C C 0 4 3 C  
0 G C C C 4 4 0  
0 0 0 0 0 4 5 C  
0 C C C C 4 6 C  
0 0 0 0 0 4 7 0  
0 C C C C 4 8 C



PAAK l M

SUBROUTINE MAAKZ( P , C , W Z , D Z » C 2 Z , A , E,MUZ)
REAL FUZ 
AL=C .S
S = S Q R T ( I . O - A L + A L )
A W = A * S Q R T < 1 . 0 - C * C / B / E )
P I = 3 . 1 4 1 5 9 2 6 5 3 6
F = K U Z * P I / 2 . 0 / A / ( A T A M A L / S )  + C 2 . 0 / 3 . 0 - A L  + AL*AL’M L / 3 . C ) / S }
IF  ( P . L E .  AL*AVr) CC TC 10
W Z = F * < A W * A W - P * F ) /2 .C /A W /S
DZ=F*P /A fe /S
0 2 Z = F /A W /S
GO TO I I

10 W Z = F * S Q R T ( A W * A W - F * P ) - F / 2 . 0 * A * i * S  
b Z = F *P /S C R T (A K *A W -P *P J

11 RETURN 
END

0 0 0 0 0 4 9 0
0 C C C C 5 C 0
0 C C C C 5 1 C
0 C C C 0 5 2 0
0 C C C C 5 3 0
0 C C C C 5 4 0
C C C C C 5 5 0
0 0 0 C 0 5 6 0
C C C C C 5 7 C
0 0 0 0 0 5 8 0
0 C C C C 5 9 0
O C C 0 0 6 0 0
0 C 0 C C 6 1 C
0 C C C 0 6 2 C
0 C C C C 6 3 C
C C C C C 6 4 C



PCI 48

3  8 0

4 0 1

1 5

10 
2 JO

20

100

c

4  7 0

S U B R O U T I N E  R O L ( C S  ,  G E L , MUZ, N > , N Y , X , Y , V X , V Y , G , F X , F Y , M Z > 0 3 C C 0 6 5 0
R E A L  MUZ »M Z » K »NU C C C C C 6 6 C
I N T E G E R  P I J L 0 3 0 0 0 6 7 0
R E A L  L E ( 8 1  ) 0 C C C C 6 8 0
I N T E G E R  E ( E l ) 0 C C C C 6 5 C
COMMON A , E 0 C C C C 7 C C
C I M E N S I O N  X ( 8 1 t 8 1 ) » Y ( 8 l * 8 1 ) * V X ( 8 1 » 8 1 ) » V Y ( € l » e i ) » 0 C C C C 7 1 C

G ( 8 i , i O ) , C S ( 3 l , C E L ( 5 > 0 3 0 0 0 7 2 0
U X = C S  1 1 ) C C C C C 7 3 C
U Y = C S ( 2 ) 0 G 0 C Q 7 4 0
P H = C S 1 3 ) C C C C C 7 5 C
C M ^ G E L ( 5  ) 0 C C C C 7 6 0
S X - G E L I 1  I O C C C C 7 7 C
S Y = G E L ( 2  ) 0 C C C C 7 8 C
A = G E L  I 3 J C 0 C C C 7 9 C
8 = G E L I 4 ) 0 C C C C 8 C C
F = A / F L O A T I  N X ) 0 3 0 0 C 8 1 C
K = B / F  LC A T C N Y  ) 0 C C C C 8 2 C
P I = 3 . 1 4 1 5 5 2 6 5 3 6 0 0 C C C 8 3 0
C Z P = M U Z * 2 . C / A / A 0 C C C C 8 4 C
J = - N Y 0 0 0 0 0 8 5 0
J - J  + l 0 C C C C 8 6 C
I F ( J . G T . N Y - 1 I G C  TC I C O 0 0 C C C 8 7 C
L E I J + N Y  + 1 )  = A * S C R T (  l . C - F L O A T I J * J ) / F L O A T ( N V J / F L G A T <N Y ) ) 0 C C C 0 8 8 C
P = L E <  J + N Y + 1  ) 0 C C C C 8 5 C
E ( J + N Y + 1 ) = 0 . 5 5 * P / h 0 C C C C 9 C C
I = - N X - l 0 C C C C 9 1 0
1 = 1  + 1 O 0 O C O 9 2 0
I F (  I . G T . M X I G C  TC 2 C C C C C C G 9 3 C
I F I I . L T . - E ( J + N Y + 1 ) . C R . I . G T . E ( J + N Y + l ) ) G C  TC 1 5 0 0 0 0 0 9 4 0
GO T C  1 0 C C C C C 9 5 C
V Y ( I + N X + 1 , J + N Y + 1 ) = C . C 0 0 C C C 9 6 C
V X I I + N X + 1 , J + N Y + 1 1 = C . C 0 0 C C C 9 7 0
Y ( I + N X + 1 » J + N Y + 1 )  = C . C 0 0 C C C 9 8 G
X(  I + N X + l , J + N Y + 1 l = C . C 0 0 C C C 9 9 C
GC T C  4 0 1 0 C C C 1 0 C C
C O N T I N U E 0 0 0 0 1 0 1 0
OC 2 0  1 = 1 , 1 C C C C C I C 2 C
G ( J + N Y + 1 » I ) = - 3 . C * A 0 0 O C 1 0 3 0
GO T C  3 8 C 0 C C C I C 4 C
C O N T I N U E 0 0 0 0 1 0 5 0
T H V = - 1 . 0 0 C C C 1 0 6 0
I F ( U X - P H * 8 . G £ . C . C )  T K V = 1 . 0 0 C C C 1 G 7 C
T H V = T H V * A T A N ( U Y / ( A B S I U X - P H + E ) + l . £ - 0 8 ) J + P I / 2 . C * < 1 . 0 - T H V 1 occcioec

0 C C C 1 C 9 C
J = - N Y 0 0 C C 1 1 Q 0
J = J + l c c c c in c
I F ! J . G T . N Y - U G C  TC 2 C C 0 0 0 0 1 1 2 0
C = J * K C C C C 1 1 3 C
P = L E ( J + N Y + 1 ) O 0 C C 1 1 4 0
P G = P 0 C C C 1 1 5 0
C U X = U X —P H * C 0 C C C 1 1 6 C
P I  J L  = 2 0 0 0 0 1 1 7 0
C U Y = U Y + P H * P 0 C C C 1 1 8 C
C A L L  M A A K Z ( P , C , Z N , C 2 , C Z P , A , E  , MUZ) 0 0 0 0 1 1 9 0
X G = 0 . 0 0 C C C 1 2 C C
Y G = C . C 0 0 0 0 1 2 1 0
X V = O . C 0 C C C 1 2 2 C
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RCL 50
P=PN 0CCC1810

: s l i P 00GC1820
. 005 T P = I C L X * S - C U Y * C - C Z * C * S * I S X - S Y ) ) / Z N / ( S Y * C * C  + S X * S * S ) CCCC183C

I F I P . G T .  I + H + 1 . E - C 6 )  C-0 TO 1CC3 0 0 0 0 1 8 4 0
XI I + N X + 1 »J+NY+1)=XN 0CCC185C
Y( I + N X + 1 , J + N Y + 1 ) = Y N OOOC18EO
X P = - Z N * S * T P - C Z * C 0CCC1870
YP= Z N *C *T P -C Z *S 0CCC188C
VX ( I+NX + 1»J + N Y -»1 ) = C L )+ S X *X P 0CCC189G
V Y ( I + N X + 1 ,  J+N Y+l> =C LY+SY*YP OOCC19CC
VV=V 0CCC191C
1= 1 - 1 0CCC192C
IF ( I . L T . - E I  J + N Y + 1 1) CC TO 1CC7 0 0 0 C 1 9 3 0
GO TC 10C3 CCCC194C

. ADH 0 0 0 0 1 9 5 0
0 0 1 T = - 1 . C 0CCC196C

I F ( C U X . G T . C . C )  T = 1 . C 0CCC197C
T H V = T * A T A N U U Y + P M P  ) / ( ABS( C I X  H i  .  E - 0 8 ) ) + P l=M 1 . G - T ) / 2 . C 00CC198G

ADHERE 0CCC199C
J J 6 PN= I * F 0CCC2OCC

X N = C U X * ( F G - P N ) /S X * X G 0CCC201C
Y N = ( U Y + 0 . 5 * P H * ( P G + P N ) ) * I P G - F N  J/SY+YG 0 0 0 0 2 0 2 0
CALL N A A K Z I P N , C , Z N , C 2 , C Z P , A , E , M U Z 1 0CCC2C3C
V=Z N-SQ RTIX N*XN+YN*YN) 0 0 0 0 2 0 4 0
I F I V . G E . ( - 4 . E - G 5 ) * M L Z ) G C  TO 1C08 0CCC2C5C
A N = V V /< V V -V ) OC CC2060
I F ( A B S ( V V ) . L T « 1 . E - 1 C  ) AN=O.S 0CCC2070
AV=1 . C—AN 0CCC208C
p=AV#P+AN*PN 0CCC2C9C
G < J + N Y + 1 » P I J L ) = P 00CC2ICC
V V = 0 . 0 0CCC211C
P I J L = P I J L + 1 CCCC212C
XV=AV*XV+AN*XN 0 0 0 0 2 1 3 0
YV=AV*YV+AN*YN CCCC214C
I F ( P 1J L . GT. 1 C ) P I  J L = 1C 0 0 0 0 2 1 5 0
T = - 1 . C 0CCC216C
I F ( X V . G E . C . C )  T = 1 .  C 0CCC217G
CUY=UY+PF*P 0CCC218C
T = T * A T A N { Y V / < A B S < X V ) + l . E - 0 8 ) ) + P i / 2 . 0 * { l . C - T ) OOCC219C
C = C O S (T 1 0CCC22CC
S = S I M T > 0C C C 221C
CALL MAAKZCP,CtZN ,CZ , C Z P , A , E ,M UZ) 0 0 0 0 2 2 2 0
GO TC 10C5 0CCC223C

0 0 b VV=V 0 0 0 C 2 2 4 0
X( I + N X + 1 »J+KY+1)=XN 0CCC2250
X V=XN 0GCC226G
Y ( I + N X + 1 , J+N Y+lJ =YN 000C 227C
YV=YN 0CCC228C
VY< I + N X + 1 , J + N Y + 1 ) = C . C 0 0 0 C 2 2 9 0
VXC I + N X + 1 , J + N Y + 1 J = C . C CCCC23CC
1= 1 - 1 0 0 0 0 2 3 1 0
P=PN 0CCC232C
IF  C I . G E . - E C J  + NY + 1 J )  GC TO lCCfc 0CCC23 30

JJ 7 GO TO 4 7 C 0GCC2340
oo CONTINUE 0CCC23 50

THE ARRAYS ARE F I L L E D .  THE INTEGRALS ARE 000C 23E0
DETERMINED CCCC237C
T = 4 . C * K / 2 . C OOCC2380



FCL 51

940

5 0 0

5 5 0

4 00

TN=2.C *K 0 3 0 0 2 3 9 0
FX=C.C CC CC24CC
FY=C.C 0 C C C 241C
MZ=O.C 00CC2420
YN=2 .  C*H 0CCC242C
J = -NY 0 0 0 0 2 4 4 0
J= J + l 0CCC245C
IF  ( J . C T . N Y - D G C  TC 4C0 0 0 0 0 2 4 6 0
I = E l J + N Y + 1 ) 0CCC247C
P I J L = I OCCC2480
P = C L E I J + N Y + 1 ) - I * F ) / 2 . 0 - H / 3 . C 0CCC249C
Y P - J * K 0CCC25GC
C = P * < X ( I + N X + l , J + K Y + n  + XINX + 1 - I , J + N Y + 1 )  I 0CCC251C
S = P * C Y U * N X  + l , J  + N Y * n + Y ( N X + l - I , J + N Y + H  1 0CGC252C
D = P * I * H * I Y (  I + N X + 1 ,  J + N Y + D - Y  ( N X + l -  I ,  J + NY + 1) ) 0 0 0 0 2 5 3 0
P = 2 . 0 * H / 3 . C CCCC254C
I = - P I  J L - 1 0 0 0 0 2 5 5 0
1=1  + 1 CCCC256C
IF  I I - G T . P I J U G C  1C 55C 0CCC257C
C=C+P*X< I + N X + 1 * J + N Y + 1 ) 0CCC2580
0 = D + P * I * H * Y (  I  + N X + l » J +NY+1) 0CCC259C
S=S+P*Y l  I + N X + 1 , J + N Y + 1 ) 0CCC260C
P=YN-P 0GCC261C
GO TO 50C 0 0 0 0 2 6 2 0
FX=FX+T*C CGCC263C
FY=FY+T*S 00 0G2640
M Z = M Z + T * ( C - Y P + C ) 0CCC2650
T=TN-T 0GCC266G
GO TO 940 000C 267C
CONTINUE 0CCC26eC
RETURN 0 0 0 0 2 6 5 0
ENC 0GCC27CC
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CCNS7 52
SUBROLTINE CGNST( A,E  , N U , C 1 1 , C 2 2 , C 2 3 , C 3 3 , G S 1  0CCC271C
0 1 MENSIGN AL (51  , B E ( 5 ) , D ( 1 5 )  ,  E < 1 5 , 2 0 1  , AR<20 I , C N T (5  1 , 0 U 15 , 9  1, 0CCC272C

$ 0 2 1 1 5 , 9 1 , 0 3 ( 1 5 1 , C 4 U 5 )  0CCC273C
* * * * *  DATA E ( I  , J ) GIVES LINEAR CREEPAGE AND SPIN C C E F F I C I E N T S * * * * 0 0 C C 2 7 4 0  
* * * * * A N C  GS FROM KALKER REFCRT TABLE 1 * * * * * * * * * * * * * * * * * * * * * * *  0CCC275C  
* * * * *  VALID  FCP A /E  GREATER THAN CR ECUAL TC 0 . 1  0CCC276C

REAL NU 0 3 0 0 2 7 7 0
CATA C l /  CCCC278C

$ 2 . 5 1 , , 3 . 3 1 , 4 . 8 5 ,  2 . 5 1 ,  2 . 5 2 ,  2 . 5 3 , , 0 . 3 3 4 ,  0 . 4 7 3 ,  C . 7 3 1 ,  6 . 4 2 , 0 G C C 2 7 S C

$ 8 . 2 8 , 1 1 . 7 , 0 . 7 6 7 0 ,  0 . 5 7 5 2 ,  C . 3 8 3 5 , 0 C C C 2 8 C C
$ 2 . 5 9 , 3 . 3 7 , 4 . 8 1 ,  2 . 5 9 ,  2 . 6 3 ,  2 . 6 6 , 0 . 4 8 3 v C * 6 C 3  f 0 . 8 0 9 1 3 . 4 6 f 0 C C C 2 8 1 C

$ 4 . 2 7 , 5 . 6 6 , 0 . 5 6 0 8 ,  0 . 4 2 0 6 ,  C . 2 8 C 4 , 0 0 0 0 2 8 2 0

$ 2 . 6 8 , 3 . 4 4 , 4 . 8 0 ,  2 . 6 8 ,  2 . 7 5 ,  2 . 8 1 , 0 . 6 C 7 , C . 7 1 5 ,  0 . 8 8 9 ,  2 . 4 9 , O C C C 2 8 3 C

$ 2 - 9 6 , 3 . 7 2 , 0 . 4 7 7 9 ,  0 . 3 5 8 4 ,  C . 2 3 S 0 , 3 0 0 0 2 8 4 0

$ 2 . 7 8 , 3 . 5 3 , 4 . 8 2 ,  2 . 7 8 ,  2 . 8 8 ,  2 . 9 8 , 0 . 7 2 C , C . 8 2 3 ,  0 . 9 7 7 ,  2 . 0 2 , O C C C 2 6 5 C

$ 2 . 3 2 , 2 . 7 7 , C - 4 2 4 3 , 0 . 3 2 5 7 ,  C . 2 1 7 2 , 0 0 0 0 2 8 6 0

$ 2 . 8 8 , 3 . 6 2 , 4 . 8 3 ,  2 - 8 8 ,  3 . C l ,  3 . 1 4 , 0 . 8 2 7 , 0 . 9 2 9 ,  1 . C 7 ,  1 . 7 4 , 0 C C C 2 8 7 C

$ 1 . 9 3 , 2 . 2 2 , C . 4 C 6 S ,  C . 3 0 6 6 ,  C . 2 0 4 4 , 0 0 0 0 2 8 8 0

$ 2 . 9 8 , 3 . 7 2 , 4 . 9 1 ,  2 . 9 8 ,  3 .  1 4 ,  3 . 3 1 , 0 . S 3 C , 1 . 0 3 , 1 . 1 8 , 1 . 5 6 , 0 0 0 0 2 8 9 0

$ 1 . 6 8 , 1 . 8 6 , 0 . 3 9 3 4 ,  0 . 2 9 5 0 ,  C . 1 9 6 7 , 0 C C C 2 9 C C

$ 3 . 0 9 , 3 . 8 1 , 4 . 9 7 ,  3 . 0 9 ,  3 . 2 8 ,  3 . 4 8 , 1 . C 3 , 1 . 1 4 , 1 . 2 9 , 1 . 4 3 , 0 G C C 2 9 1 C

$ 1 . 5 0 , 1 . 6 0 , 0 . 3 8 4 0 ,  0 . 2 8 8 0 ,  0 . 1 9 2 0 , 0 C C C 2 9 2 C

$ 3 . 1 9 , 3 . 9 1 , 5 . 0 5 ,  3 . 1 9 ,  3 . 4 1 ,  3 . 6 5 , 1 .  1 3 , 1 . 2 5 , 1 . 4 0 , 1 . 3 4 , 0 C C C 2 9 3 0

$ 1 . 3 7 , 1 . 4 2 , 0 . 3 7 8 5 ,  0 . 2 8 3 9 ,  0 . 1 8 9 2 , 0 C C C 2 9 4 C

$ 3 . 2 9 , 4 . 0 1 , 5 . 1 2 ,  3 . 2 9 ,  3 . 5 4 ,  3 . 8 2 , 1 . 2 3 , 1 . 3 6 , 1 . 5 1 , 1 . 2 7 , 0 0 0 0 2 9 5 0

$ 1 . 2 7 , 1 . 2 7 , 0 . 3 7 5 8 ,  0 . 2 8 1 8 ,  0 . 1 8 7 9 / 0 C C C 2 S 6 C

D A T A  C 2 / 0 3 C C 2 9 7 0

$ 3 . 4 0 , 4 . 1 2 , 5 . 2 0 ,  3 . 4 0 ,  3 . 6 7 ,  3 . 9 8 , 1 . 3 3 , 1 . 4 7 , 1 . 6 3 , 1 . 2 1 , 0 C C C 2 9 8 C

$ 1 . 1 9 , 1 . 1 6 , C . 3 7 5 C ,  C . 2 8 1 2  , 0 . 1 8 7 5 , 0 0 C C 2 9 S G

$ 3 . 5 1 , 4 . 2 2 , 5 . 3 0 ,  3 . 5 1 ,  3 . 8 1 ,  4 .  1 6 , 1 . 4 4 , 1 . 5 9 , 1 . 7 7 , 1 . 1 6 , 0 C C C 3 C C C

$ 1 . 1 1 , 1 . C 6 , 0 . 3 7 5 8 ,  0 . 2 8 1 8 ,  0 . 1 8 7 9 , 0 C C C 3 C 1 C

$ 3 . 6 5 , 4 . 3 6 , 5 . 4 2 ,  3 . 6 5 ,  3 . 9 9 ,  4 . 3 9 , 1 .  5 8 , 1 . 7 5 , 1 . 9 4 , 1 . 1 0 , 0 0 0 0 3 0 2 0

$ 1 . 0 4 , 0 . 9 5 4 , 0 . 3 7 8 5  , C . 2 8 3 9  , 0 .  1 8 9 2 , 0 C C C 3 C 3 0

$ 3 . 8 2 , 4 . 5 4 , 5 . 5 8 ,  3 . 6 2 ,  4 . 2 1 ,  4 . 6 7 , 1 . 7 6 , 1 . 9 5 , 2 . 1 6 , 1 . 3 5 , 0 0 C C 3 0 4 0

$ C . 9 6 5 , C . 8 5 2 , C . 3 8 4 0 ,  0 . 2 8 8 0 ,  0 .  1 9 2 0 , 0 C C C 3 0 5 C

$ 4  • 0 6  , 4 . 7 8 , 5 . 8 C ,  4 . 0 6 ,  4 . 5 0 ,  5 . 0 4 , 2 . 0 1 , 2 . 2 3 , 2 . 5 0 , 1 . 0 1 , 0 0 0 0 3 0 6 0

$ 0 . 8 9 2 , 0 . 7 5 1 , 0 . 3 9 3 4 ,  0 . 2 9 5 0 ,  0 . 1 9 6 7 , 0 C C C 3 C 7 C

$ 4 . 3 7 , 5 . 1 C , 6 . 1 1 ,  4 . 3 7 ,  4 . 9 0 ,  5 . 5 6 , 2 . 3 5 , 2 . 6 2 , 2 . 9 6 , 0 . 9 5 8 , 0 0 0 0 3 0 8 0

$ 0 . 8 1 9 , C  . 6 5 0 , C . 4 C 8 9 ,  0 . 3 0 6 6 ,  0 . 2 C 4 4 , 0 C C C 3 0 9 0

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

$ 0 . 7 4 7 , 0 . 5 4 9 , 0 . 4 3 4 3 ,  0 . 3 2 5 7 ,  0 . 2 1 7 2 , 0 C C C 3 1 1 G

$ 5 . 5 7 , 6 . 3 4 , 7 . 3 4 ,  5 . 5 7 ,  6 . 4 0 ,  7 . 5 1 , 3 . 7 9 , 4 . 3 2 , 5 . 0 1 , 0 . 8 6 8 , 0 C C C 3 1 2 O

$ 0 . 6 7 4 , 0 . 4 4 6 , 0 . 4 7 7 9 ,  0 . 3 5 8 4 ,  0 . 2 3 9 C , 0 C C C 3 1 3 C

$ 6 . 9 6  , 7 . 7 8 , 8 . 8 2 ,  6 . 9 6 ,  8 .  1 4 ,  9 . 7 9 , 5 . 7 2 , 6 . 6 3 , 7 . 8 9 , 0 . 8 2 8 , O C C  0 3 1 4 0

$ 0 . 6 0 1 , 0 . 3 4 1 , C . 5 6 C E ,  C . 4 2 C 6 , 0 . 2 8 0 4 / 0 C C C 3 1 5 0

D A T A  C 3 / G C C C 3 1 6 0

$ 1 0 . 7 , 1 1 . 7 , 1 2 . 9 ,  1 C . 7 ,  1 2 . 8 ,  1 6 . 0 , 1 2 . 2 , 1 4 . 6 , 1 E . 0 , 0 . 7 9 5  , 0 0 0 0 3 1 7 0

$ 0 . 5 6 2 , 0 . 2 2 8 , C . 7 6 7 C ,  0 . 5 7 5 2 ,  0 . 3 8 3 5 / 0 C C C 3 1 8 C

DATA 0 4 /  0 3 0 C 3 1 9 0
$ 1 1 . 0 8 ,  1 2 . 0 1 ,  1 3 . 1 C ,  1 1 . 0 8 ,  1 3 . 3 8 ,  1 6 . SC,  1 3 . 7 2 ,  1 6 . 3 4 ,  2 0 . 2 0 ,  0CCC32CC 
$ 0 . 7 8 5 ,  C . 5 5 2 ,  C . 2 C E ,  C . 7 S 1 E ,  0 . 5 S 3 8 ,  0 . 3 9 5 9 /  0 0 C C 321 0

DATA AR /  C . I , 0 . 2 , 0 . 3 , 0 . 4 , 0 . 5 , 0 . 6 , 0 . 7 ,  C. E, C. 9 ,  l . C , 1 . 1 1 1 1 1 1 ,  0CCC322C
$ 1 . 2 5 , 1 . 4 2 8 5 7 1 , 1 . 6 6 6 6 6 7 , 2 . 0 , 2 . 5 , 3 . 3 3 3 3 3 3 , 5 . C , 1 C . C , 1 1 .  CV 0CCC32 3C

CO 6 1 = 1 , 1 5  0CCC3240
DC 5 J = l  , 9  0CCC325C
E( I ,  J )=D 1 U , J  ) 0 3 0 C 3 2 6 0
E U , J + 9 ) = D 2 ( I , J I  0CCC327C
E ( I , l S )  = C 3 m  00CC3280

/



OS
c

*& Ui
c

N) |SJ
Ui o Ol

m s n n  o n  
z m o w n i M N  
a  -t 7 li u> ui is> C H O U )  il II

»  h  7  ii n  n  
3? 7? -* tn z  z  
c —  Z -J -I m  vj» h UJ M

o  oI- z
h- M  II —  o  t-i 
z  — -J II to

00
m

ii iiM  00 » *
ro co
« *

o  a o —
JS —o  il

O  £_ O H1-4
Ui
o

—  I o •» n  — 
Z  —  U )  
C U) 4•» * —4* ,-4 —
IS> -» I •4 + N)

II »mm <•
* t_
v*i I

n  i- i a  gv  m i o n  
z —
■H 30 M  -t
■— o  o  n  
z  «c r « «
m m  H o• IS) to *

75 IS)
•** O

0  o
(/) Lb
II u> lb II
• *oO t-i
• V—  *1-* •
• rn 
a  *
1 — z <r>C to

O JS
to

o  nM IS) 
rs> rs> 
ll ilM  v.
* —
O# »■*TO •M 0>
# S-—  u>
mm «b
« o
o  ir 
+n —Is) # IS) —

O  </) (D —
i» <n n  tiz ii —
II 00 -4 30
to  > . n  tnr* to »
n  ► -  <n
a  vji h«** »

no js • -H o  o tn —  (■— 1m  • ci *■— n * 1 » M  M■— o # » D IS) * —  o »
—■ * o m ro mm » toto i o—  o —to U) ♦ Offl <r> z *# — U> M 00 * * # c zz  u> * DZUI —  —  cc  # c. 50 C * IS) mm mm
•¥ mm » 1 -t —. O • V  —
Cl 1 H- ** —  1 — o »«. •»mm M «■» to N) # * IS)U) mm + w O  • Z • i~
* 1 o * —  O  •“ c o *
mm bJ ** -to —  + t— ♦ * o1 • U> 13 O' 1 0  7 *IS) O # O • o to C -«* 1 O 1 Z +
a * •* z * O  t—— rvj 30 z  c —  > •
b) to— c — s- Tf O
* C. w  t,• 44. 4—mm 1 "** tn o —  iu
1 to 1 H- -Jlb to# o  * z • o»» to 1 c o m

CO o O "V 
* *• —  to 
o tn to «• T to tn

Z IS) —  I » 1 - 7
— O  — c

13 t- + w  W
• JS to-

C. o • —to
w 1 Cl r>1 z * >

e  z10 —  e »i — rsjc. IS) — •
1 * o►— o *W + 3?

C• w
o w

tsi
O

tno

o
»—
*•

o o o o o o o o O o o O  Q a O o o o o o o o o o o o o o on o o tn o a o o o a a o Cl o Cl n o Cl o r> o o o o o o o n
n r» o  n o n o o n a Cl o Cl o  o ea o Cl o o o Cl o ina o o nr> o  r> o r% o o n r> rn r> o o  n n o o r>o Cl o n o n n o nU) U) U) U) U) U) 0 ) u > u) U) U) u > U) U) U) U) U) UJ U) u>U) U) U)U) u > U) 0 )  I jJ li)o U1Ut SJ1Ol VJIVJIinin in VJI -S' 4* > > 4> U) U)<J)U) U) U) u 0)o t0 no -o in U3 rsj9"+Cl un 03 o in Ik)fo k—■o iA 00 -J in ^ luN)o o o r> o o o  a o Cl Cl o Cl O o o o o Cl O o o o o o o r> o Cl

E< 1
,2

0
 ) = C

4( I
) 

3
0

0
C

3
2

9
0

 
P

I=
3

.1
4

1
5

S
 

0C
C

C
33C

C
 

R
G

=A
/B

 
O

O
O

C
331Q



54

A =  2 . 5 9 8 0 E + 0 0  

B =  3 . 8 4 9 0 E — 0 1  

NU= 2 . 8 0 0 G E - 0 1  

UXN= 0 . 0  

UYN=~1 . 4 0 0 0 E + 0 0  

P H M =  8 . 0 0 0 0 E - 0 1  

NX= 10 
NY— 10
DM= 4 .  0000  E—02  

FXN= 8 . 9 0 3 4 E - 0 7  
FYN=—3 . 4 7 0 3 E —01

A= 2 . 5 9 8 0 E + G 0  
B= 3 • 8 4 9 0 E—01  

NU= 2 * 8 0 0 0 E—01  
UXN= 0 . 0  
UYN=—1 . 400GE+0Q  
PHN= 8 . 0 0 0 0 E—01 

NX= 40  
NY= 20
DM= 4 . 0 0 0 0 E—02  

FXN= 8 . 6 4 2 7  E—07 
FYN=—3 . 4 6 8 9 E —01

*U.S. GOVERNMENT PRINTING OFFICE:1978 721-415/752 1-3
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