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Numerical Analysison the Adhesive and Elastic Contact between

Rough Surfaces

NSC 92-2212-E034-002
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FFT inexact Newton method
Bi-CGSTAB preconditioner path
following method

bifurcation

Abstract

A numerical method for the adhesive
contact between rough surfaces in rectangular
coordinate is proposed. FFT, inexact
method and Bi-CGSTAB,
preconditioner, path following method are
employed to find the adhesive contact for
rough surfaces in rectangular coordinate.
The result shows that there is bifurcation.
Keywords. Rough surface, adhesive contact

Newton

1. Introduction

Miesbauer [1] 5nm

1970 Johnson JKR

93 7 31
model [2] Derjaguin 1975
DMT model[3] 1992
Maugis Dugdale model
model [4]
1992
Attard [9] Lennard Jones Law
1997  Greenwood [6]
Feng[7] 2000
Wu[8]

2. Adhesive Elastic Contact Problem
2.1 Displacement Dueto Force
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2.2 Displacement due to Adhesive Contact

Lennard-Jones Law
[5]
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auto-correlation function(ACF)  [10]
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2.3 Rectangular Analysis
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3. Numerical Procedure
3.1 FFT and Convolution
() 2.C,
S c,P 256 256

ZC” 256* = 42,994,967,296

Liu[12]



convolution  FFT
2z X 'y convolution
N
Zi :zxi—jﬂyj
i=1
FFT
Zn = ann
If N=4

2 =X Y XY, XY tXLY,
Z, =X Y1 T XY, t XYs t XY,
Z; =X3Y, T XY, ¥ XY XY,
Z4 = X4y1 + X3y2 + X2y3 + X1y4
2 =X Y T XY, T XY T XY,
Z, =X Y1 T XY, T X Y5 X5y,
Z; = XY T XY, H XY H XY,
Z4 = X4y1 + X3y2 + X2y3 + X1y4

U =Cop, +C,p, +C,p; +Cyp,
u2:C1p1+Cop2+C1p3+C2p4 (6)
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T R S convolution
FFT

FFT(T) = FFT(R) FFT(T)

(6)

convolution

R
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u => CP,

U = IFFT{FFT(C) LFFT(P)
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3.2 Inexact Newton-Bi-CGSTAB Method
(5) ©)

(5)
Jacobian
Inexact Newton-Bi-CGSTAB method

3.2.1 Newton-Raphson M ethod

F.(h.h,A ,h,)=0 i=12,A ,N
F(h + dh) = F(h) +J [&h + O(ch?)
oF

J Jacobian J, =—
' oh,

start: initial guess H,

dowhile |[F(H,)/>¢

solve dH =-J7*(H,)F(H,)
H.,=H,+dH

end do
(5) Jacobian
inexact Newton method

3.2.2 Inexact Newton M ethod

Inexact Newton method[13]
Raphson method
Jacobian Jacobian

inverse matrix

start: initial guess H,
find F(H,)

Outer iteration: do while |F(H,)|>¢

inner iteration: find some dH which

satisfies
F'(H,)dH =-F(H,) + R,

IRJ7IFHD <,

Newton

where



end of inner iteration
H,.,=H, +dH
find F(H,,,)
end do
inner iteration

Bi-CGSTAB

3.2.3Bi-CGSTAB Method
Bi-CGSTAB Optimization
conjugate gradient AX =B
A non-symmetric
Bi-CGSTAB [14]
inverse matrix

Inexact

Newton method inner iteration

F'(H,)dH =~F(H,)

Bi-CGSTAB AX =B
Initial guess X,, R, =B-AX,

st R, =R,
Po=a=w,=1

V,=P,=0
for i =1,2,3A

o =R.R), B=(0p)alw)

P=R,+pB(PR,-w,V.,)
V., = AP

a=pIR,.V)

S=R,-aV,
T=AS
w =(T,9/(T,T)
Xi =Xy +aP +twS
if X, small enough, the quit.
R =s-uT
end
inexact Newton method
iteration

A=F'(H,) B=-F(H,) X=dH
Bi-CGSTAB dH

3.2.4 Preconditioner
Bi-CGSTAB
diagonally dominant
preconditioner

[15]
Precondition AX =B
A diagonally dominant
M™=A MA=]| MAX = MB
A=F'(H,)
diagonally
dominant approximate
inverse
A=F'(H,)
five-diagonal
approximate inverse matrix M
M

3.2.4 Kédler’'sPath Following M ethod

bifurcation

Keller path
following method[7 16]

Keller
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F'(HH, =-F\(s,) =1

N,=A(S,)=#1+H,H,]™"? (10)
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iteration
F'(H)Y =Fa(so)
F'(H)Z=-F(s)

Newton

ga Nu Z+N
N, Y -N,
dH =Z - dAY

3.2.5 Numerical Scheme

(X +Y?)
F(H))=H, + A-
2
32432 1 1
C. -
- 2.6 (H; +D° (H, +1°
1. @ C;
2. A path following method
Inexact Newton method
1) Ho» A
eq(5) F(Ho A)
eq(8) N(Ho, A)
eq(10 11) N, N,
M = F'(Xg)™
2 H, A
Bi-CGSTAB  precontitioner

MF'(H )Y = MF,(s,)
MF'(H,)Z = -MF(s,)

da= Nu Z+N
b. N, IY-N,
dH =Z -dAY
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5. Conclusion
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