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ABSTRACT

A general and efficient algorithm is proposed for the analysis of the frictionless elastic
contact problems. It utilizes a simplex-type algorithm with a modified entry rule and incopor-
ates finite element method to obtain flexibility matrices.

The algorithmic solution is compared with the Hertzian solution for the contact problem
between two cylinders to prove its accuracy and the contact problem between pin and piston
rod is solved and compared with the numerical results of Frankavilla and Zienkiewicz to
demonstrate the generality and effectiveness of the suggested algorithm.

The contact problem between mating involute gear teeth at the worst load position is
considered. The computed contact stress is smaller than the result of Hertz’s theory applied
to the contact between two kinematically equivalent discs and the contact area is larger than

that of Hertz’s theory.
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Fig.1. Geometry of contacting bodies.

u'=u:+Aq (2)

wE i S-S A soll o3 Mt A tol
o3k o] Frolm g (3)Al Zre] M,
ut=F's+ve " (3)

e 20045 Y 1lAS o] (e & 4
oie,

ui=F’s+ve (4)

OB (5 £ Fol Al BB B Pt jiiskel %
b ES oS o WA BB WD ek
Gtk elve WE Tel oSt B AR A
olo) MRS (5)4e vhepd 4 olch,
¢e=Bet+Aqta (5)

oi7}4  B=F'+E?

a=ve+ve+d

2-2. T e

B8 el Y2lE olgsiel He 1ol A F
R (6)4le ebd & gl

ATs+HL=0 (6)

2-3. B Rt
Qlolol AR HEMEEL kol Hiffie] olFoixH &
#BHo) feeestA slo| HEH s, 7F 031wk HE-st
L AR R Alole] R e s 0¥t 2A H
o, zeloe B S (7)) 3ol o
=0°]m s5,>0
ex> 00" s,=0, k=1,2,---,n (7

olH| T s Alolo] MRS FAIR 4+ Slv WM

29



Journal of the KSLE

B M8 o 2L IR o

Hup AL ap
s s, &, qF Ok MEE 43 4 Ao

[}

NY

-Bs-Aqte =a

-ATs =H"t (8)

either s,= 0 or ¢,=0, k=1,2,---,n
sx=0, e,=20, k=1,2,--,n

3. MM MR BBl ARE

3-1. ® RMe| BN

HE kel it B 58 B R I F
= Tl Hsled BIRERSS ERSC #rsla
24 sl 2d-S FRERSE st MiE 475 KS
skar o] o] #TFIE Tl 25 Eimhol oid B
e 175 72 4 Qo zeioh B RIRE MR
= S8 Fo M REr 175 F BlEmel =g
H 53] A4 gl digl Aoz, ol9} e A
% frontal methodd FEHsH= 7o) RhEsAyelch,

SEE BRY & giEelAd Wi e F945 &
et Bl osiAat B Uadhe AHS o3
of MRS Figkol Mo mHE 175RS ol few
ol 4] oA} Hefl oo whe| MM 4T WHFESIC
olgA slo] LEE Fighel A 5H WK 1751S
T8 4 U ol WTHIS FHEsie] "ag
FREATHIE ekt

A el BE R (9)A B
frontal method% E1Esle] V3RS 38 (REL 1751
< sk,

32. M RIS B

23004 WS B IS Ao ol
B 75 WAse] ()R & RESH PIE B
#e & gle,

.. . nttr
minimize 5 Z,
i=t

subject to

-Bs-Aqte+Z, =a

-ATs +Z,=H"t (9)
either s,=0 or e¢,=20

Sk =0, ex=0, Zx=0

30

where
k=1,
(k =1, -

,n) for s, and ¢,
n+r) for Z,
2,=02,,2,,--,Z,)

Z =Znv1, Zner, ", Znis)

el B@mst M s,.=0 e,=00] Hojof
b R wlEol MEEHlEgieE s F 4 gloy
BiZaEEES) entry ruleS BFE BIER SFEtElk
6)= olgshd oy #FEHog BE 78 4 3
o}, o9} Fo] slod ozl = zh EiEkolA e 3
olng M BHE T3l Sste] HIRESREA
AREEIE M §HE ol 8sle] B EEbolA
o] M Bie 3k

1—
T

4. siM Z=n g 1nE

BELS] A FEH e ol #lel ARRESRGS
ol-§3te] o] Futkel HAE YME Alolol M
FIRES TS Sl HES BEsidler fR%d
Hare ol a7t FAEShE TRl AR Abolof B
8 [t Piston rod-Pin Abole] #:#8 MHiEE #EH
3 EEAFS] #ERot Hoeestel e 84S Hal

0.3

/

0.3

-

Fig.2. Finite element mesh for the contact between

two cylinders(plane strain case)
Dimensions in m



Vol. 4. No. 2, 1988

Table 1. Material properties of cylinders

Modulus of poisson’'s

Elasticity (E) ratio (v)
cylinder 1 206 GPa 0.3
cylinder 2 206 GPa 0.3
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Table 2. Material properties of piston rod and pin

Modulus of poisson’s

Elasticity (E) ratio (v)
piston rod 206 GPa 0.3
pin 206 GPa 0.3
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Fig.12. Finite element mesh of pinion

Table 3. Material properties and Dimensions of

Gears
Gear Pinion
Modulus of Elasticity (E) 206 GPa | 206 GPa
poisson's ratio (v) 0.3 0.3
Module (M) 5 5
No. of Tooth (Z) 60 30
Pressure angle (¢) 20deg. 20deg.
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