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Abstract — This paper is the first step for thermo-mechanical stress analyses of part with coated layer under
contact load. A lot of coated marerial is applied in many structures to endure severe situation, like thermal
stresses, high temperature gradients, irradiation, impacts by microscopic meteorites, and so on. In this part we
are going to apply the FEM to analyze space parts with a coated layer subjected to a contact load thermo-
mechnically. Coating layer is very thin in comparision with the structure, therefore it should take more times
and behaviors to analyze whole model. In these reason we develop the FEM method of analyzing part with
coated layer under contact load using partial model. Steady state temperature distribution of the part is
obtained first, and then we apply quasi-static external load on the part. To obtain the final stage of solution,
we compute the total solution, and by subtracting the thermal strain from the total ones we get the mechanical
strains to compute stresses of the parts. In using the FEM, one has to discretize the model into many sub-
domain, finite elements. The method is consisited of two steps. First step is to analyze the whole model with
rather coarse meshes. Second step we cut a small region near the loading point, and analyze with very fine
meshes. This method is allowable by the Saint-Venant's principle. And then, we finally shall check the thermal
load on the stresses of the space part with coating layer with or without substrate cracks. Then, we predict
the actual behaviors of the part used in space.

Key words — finite element method, Saint-Venant's principle, aspect ratio.
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Table 3. Properties of material
Material Name  E (MPa) v K (W/mK)
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E : Young's modulus
v : Poisson's ratio
k : Thermal conductivity
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Fig. 7. A model for thermal effect.

200;
1501 | Temperature Distribution |
1001 \,
50- N

o..
_50_
100/
1501
200

Partial
model

Temperature (C)

0 10 20 30 40 50
Y-Coordinate (mm)
Fig. 8. Temperature distribution of whole model.

4. 2E2| AY

Fig. 72 98¢ &= Z70] -170~150°CE ¥alx
AzeE prl ZERC) BRI = 2de BojFI gl
o} 3= P I0NOE Aoz ) FEEe %
AL 001 mme]t},

S5 AL 2ratole sl A3 FAlfelA 9]
guke gitky 7F48AL, Fig. 7oA ¢ o] BA1<]
2o 150°C, oFZe —170°CE AFHow Hale
28 7 AAo Hgsct

Fig. 78] xako] g Z¥3F] 949} yiskAay-
ol e ehe) S nwart. A 382 %
g wowuz g9 o] oAt &riMe o A7)
2k A7}ERd )

e

]



HESHFS Ve T9F0) g PAY SHNNS AT 22 2 Pyel A 199

504
40-
E—
304 e
5 " %
S »
©
10+
0 ——o——©
0 2 4 5 8 10

X-Coordinate(mm)

Fig. 9. 6, O, distribution along X-coordinate sub-
jected to temperature only.

50- — " G
‘-. - ——
R N Yy
40- " -\.\_\_\
l\-\.
. 304 —
L
= 20
b
104
0-
0 2 4 6 8 10

Y-Coordinate(mm)

Fig. 10. 0., 0, distribution along Y-coordinate sub-
jected to temperature only.

411, 20 Fo{HE 47

Fig. 9, 109 275 YAt Fig. 9llx e} 22e]
X3o e e .0 A9 X2Hrel daglel A
UA3 e 79, o, 0ol TP g JHTh Y
Zo| w2 g8-& Fig. 10004} 2] 6.0 A5 ¥&
Fol| we} NEHoE 7ASAT g, 09 7S
AT 3 7HA "ok

4-1-2. 2x2} 5150| &o| =HEH BT

Fig. 113} 12¢] 2A7& JepiAtt Fig. 119 ek
J X2 e $HRIE B2W 0,9 A 850 7t
A FRAAM S8 FA Jepa 199 F9
e 258k FoHE W I XA EF
0,9 Ate L= FRE del o] 09 FE
THRER s g 3Rt YepdA Eu

Fig. 120 YeRl y&ol me $HEEE HR o
o) A$E mde) Jbg SRR ew A et
o 29 g9 ¥ 2wt Folxe wel S}
AR AEAoz Wt o YEE we Hx}

250-
2004 " O
T Oy
= 150]
g
< 1004
o
50
0.
0 2 4 3 8 10

X-Coordinate

Fig. 11. 0., G, distribution along X-coordinate sub-
jected to both temperature and load.

250-
. —— Gxx
200 —e—0,
& 159
o
< 100
b
50- -
T S E-n l—-—._._*._._-_-‘. .
O_ “""%o-- »- ry Py *

2 4 6 8 10
X-Coordinate

Fig. 12. 0., o, distribution along Y-coordinate sub-
jected to both temperature and load.

ZoEH l50] FoiAE HelM HoA| 0l 717t
& &S 7HA "ok

ole 2= 3 FIA skFel o
g3e ¢ 7 o

o

ol T3

42, 5IF BxEo| UE

AESES T/ ey BXsEeE 7P
o, SE¥sE TEA Pule X355 5
o} 714 shFe] A =271¢] e 100 N2 s,
Fg3 v ARE Aoz Hushy ZHZe] A
= 0.0l mm= 3t

ol EEIFS S AHEYOE Wl g3}
ook 3t} WEA L ta-3) 2

{r.}=J7,INVqdx (10)
4-2-1. SEENS
Fig. 13¢] vehd Hig} 3ol hiY5S 4oz &

3 xR Agske AHE X dleh AA &

Vol. 18, No. 3, 2002



200

Uniformly Distributed Load

\ 4

y
' Coating Layer 727,722 /)

y
g7
iz
Element A _— Node C
Element B——
"
X=00 Xi
Base

Fig. 13. A model for uniformly distributed load.

40| —=— g, of element A
3.5 —e—g,, of element A
3.0] —s—g, of element B
25] ™ —v— g, of element B

Stress (GPa)

o \i
1.0 \ix:\'

0.5 EE— S 1

A A
0.0

—— A

00 01 02 03 04 05 06
X, (mm)

Fig. 14-1. Stress of element 4, B subjected to uniformly

distributed load.

1.54
1.44
1.34

[ Y-Direction Displacement]

1.2 —

1.04
0.94

Displacement (um)

\.
00 01 02 03 04 05 06
X (mm)

Fig. 14-2. Displacement of node C subjected to
uniformly distributed load.

Z3lEe] T 10002 3ta A wed 377 9
et o] W E¥slFo| HXe HAd xol 0
84 A9 FAMY §8(0, o) 84 BY F
ol e] §¥(o., o) FH o riE EE
Ax¥siad.

Fig. 149] A4 A3E Jepdch

Journal of the KSTLE

N

%]_I:

Base

Fig. 15. A model for parabolically distributed load.

Fig. 14-1& BH, BX350] nlxle= A x.0 o
Ao HAHFE 94 A9 $HLE AxE FolE
3, 84 BY $¥E wBKE ZojEe RS B
4 3ich =g ARFH 2491 A9 $HHET BA)

LHQ] &J—ﬂ B"] '(_f“'lo] Zq'n g ?’—_} T glt;}' Flg 14-
28 B dY co ¥R A EolEe AL S
=

4-22. T2M BElo| BEsEE
Fig. 159 veRd Hje} Zho] fiA&g 9oz 3
3 BXEEe] miXE AEE X.ol8 sk ol
sl X W 23 s UepliE ez 7Pgst
Ak AA BxsEe] T2 10008 3t o7, B
Falgo| mxe Az Xl ©E 24 A9 F7HHel
A9l $85 a4 B F7HHeMe) S8 AH ¢
HAE ALlstst
At AA=E Fig. 169 YR
Fig. 16-1% BH SRIEsE0] 248 oo} vlabvt
A2 slEo] mAe 7421 X0 A ZA dojFdE
QA A9 SEL W FolEUL, 84 BY YL
ZE AL Y Juh T3 IS 249 A

o) $HnT}t SR 229 B $eo] gL &
9tk Fig. 1628 B9 I co rig W=

@X} ZojEE 2 B Atk 2 P2 5EIEE
A BHrt A AtE AT

Ao B¢ SEEF Erhes 22y 33 34
JEle EXEEo] AS5SEoR AfstEs v
7€ Ade] EAY w9 X3 A-Z] Wl
e side w3 o) HESTS 2 E¥3)
Fol™ Fg. 15904 X,=05157FA] #&3she A= 7}
i



AE33L W 2Y3) e T SIS T vy
45, —=— g, of element A
20 ° —s—o,, of element A
5] —— ¢, of element B

& 30 —v— o, of element B
" A A
Q 25
g 2.0 \
..
L N
1.0] Ty
05 At =
' T T ¥ T = T lA M|
00 01 02 03 04 05 06
X, (mm)

Fig. 16-1. Stress of element 4, B subjected to parabolic
distributed load.

—=— Y-Direction displacement |

Displacement (um)

114 \.

u T T T T T

00 01 02 03 04 05 06
X (mm)

Fig. 16-2. Displacement of node C subjected to
parabolic distributed load.

P

Tu=150 C YyYVYY Coating Layer
00 %

i E Crack
!-—P: Xi

| Ple
|

Y X

i

X=0

Base

TL=-170 C
Fig. 17. Cracked model.

4-3. 3340 U= zHl

Fig. 179 Jepd Rl Zgoe] Q= 2% gt
o 22 XEA BExEEe] ABSA(Fg 159014 X=
0.515 mm), 2=% ZHE-sh= 499 &8 4L 53

2d yo sk 201

A ZYe 23] A (closed crack)> 2 71338l =
o] EAshE Qo Abele] AHE FAA B £
oz AL RARIIL ol 84t FHEE A
w7] 95 A Pk vt Aok &=
FU

Fig. 17914 ZEZelA a2 @] tste] 5=
& vwa¥tt 2 A34E JPZ2 Fig 18, 19, 20
o Vet Aol AR XF X2 el
[X,=0.0, X,=0.171], [X,=0.171, X,=0.515], [X;=0.515,
X,=1.0441¢] Ml A5 AT ZHe 7 A4
et FRZY o, X9} AYF o, BEE AT
2}

I =E By FgFe] Ae) Y]] u} Fo]
AT W] A ZYo| EAGHA &g e 89

tlo o not

051 —us— No Crack

! —e—Crack (0.0, 0.171)

04 1

© .
o N
Qo e
Z A
* { '.\ \
5‘ 0.2 AR
| l\.\
0 LAY
0.1 N
.
~
———f—8 »
0 T M T T T T T T M T T T
0.0 02 04 0.6 038 10 1.2

X-Coordinate (mm)

Fig. 18-1. o distribution for cracked model (X=0.0,
X=0.171).

1. —u— No Crack
08 I\ —e— Crack (0.0, 0.171)
g *1
¢ I
> 044 i
z
o} |
02 #
e
b
0.0 { [ S S R S S
T T T T A T T T T
0.0 02 04 0.6 08 1.0 1.2

X-Coordinate (mm)

Fig. 18-2. ¢, distribution for cracked model (X,=0.0,
X:=0.171).

Vol. 18. No. 3, 2002



202

05+ . —s— No Crack
| .
. | —e- Crack (0.171, 0.515)
= |
q 034 L]
6] \
~ '
6 021 \.\
N
014 \0— <-®.
\'§|§I~I|‘A|AAMI
0
T T T T T T L
00 02 04 06 0.8 1.0 1.2

X-Coordinate (mm)

Fig. 19-1. ¢, distribution for cracked model X=0.171,

X=0.515).
1.0 . —s— No Crack
084 | —e— Crack(0.171, 0.515
w
n 064
O *
> }
> 044 ¢
© }
i
0.2
‘-\1\.\.
0.0 | Ty — . .
T ¥ L T ¥ T T
0.0 02 04 06 038 1.0 1.2

X-Coordinate (mm)

Fig. 19-2. g, distribution for cracked model (X,=0.171,
X;=0.515).

o] o}t EdASk= & 4 Uk EF Fig. 20004 &
T A%e] AY YA} BhFo] Foixe B (Fig,
15914 X,=0.515)004 HolAE Fd 9] JP= glojx)

£ g 8 4

o
Iy
M

B d7e FE35S de FEZo] = HAe)
=L 2t Yo Y} Fg=
EAske FE2 2o 42 ALe S ¢
Saint-Venant's Principles: ©]-§3}¢], =77} =&
84F Fosle] FERdE Y7oz FRudo)
B33 2718 AAE T, o1F ke FHZ9] aspect
ratiod] WE WYL T3 E}FY I™E] aspect

& 9 oo
o
e
H
)
L
o

Joumnal of the KSTLE

AT - A - PN - g
057 . —a— No Crack
{
o8 « —e-— Crack (0.515, 1.044)
‘.
w i
o 03 .
S
% .
0.2 1 A
© \R
\.\
.
01 - \,‘\.
\.\lﬁl—l—-——l
0 T T T ¥ T T T T T T e |
0.0 02 04 06 0.8 1.0 12

X-Coordinate (mm)

Fig. 20-1. o, distribution for cracked model (X;=0.515,

Xr=1.044).
101 ' —a— No Crack
08 5 —eo— Crack(0.515, 1.044
S 06 |
o 08 .
e i
g 0.4+ ’)
!
|
0.2+ Y
L
i
0.0 R R —
T M T T T T T T T T T
0.0 02 04 06 0.8 10 1.2

X-Coordinate (mm)

Fig. 20-2. g, distribution for cracked medel (X,=0.515,
X;=1.044).

ratios A on, 949 AFE A

- PR 27 HHEe) 10,0000191

20 mm X 10mm

9] aspect ratio : 1.0
& AEAE 3% 3

o] FEude] F7)et 249 NEE o) g3t
=M, 2717t 2 WA meoliel sjHo] ohd B
R U= Bl s ¢ AUk oz AAkA
e d5T 7 AT, Ao gFogw AU
< 7T 5 e FFEL =S ATk

49 AFE et 2

(1) 250 o5k ggoz Fwzo] oty o]o)
Fshe S0l WA, s Zo] ZeF f=

THE Yol ke A & Uk

=
S

A
_ 718



AEHFS We TYFo) e TAY SRUL A% 12 =Y
@ BEAFL XFo] WE 2210 YFE HE 3

FaFoe sPEEen &Sl vIAE Wzt

HolX ) Sl R Folmt A MY &

it

OEECEZERCIECEL BRI
7h dofiel, 1 A7} S| Ag e AN ol
455 299 GFe Aot Ank. 2T BANA]
SEEE AY ghee ¢ 5 Ugch

A9l 4 FRFOEH $FFTE FAY Y
e AYstel AA $FFTIAAIML AFL o2
s, A4% T3 A4e) Bl @ 5 UL 2

= T
ojt}.

71

=
L

=g 19745 S E Y 54 et
9] FEATHAN(1997-011-E00024) A-7-810l] 2]}

A=A eH, ofdl] AAR}F AeiA A=

o]

At IES

i)

1. Yu. N. Drozdov and Seok-Sam Kim, “Tribological
Behavior of Mechanical System in the Outer Space,”
Journal of Friction and Wear, Vol 20, No. 1, pp. 8-
14, 1999.

2. Klaus-Jurgen Bathe, Finite Element Procedures,
Prentice-Hall, New Jersey, 1996.

10.

Wi el A 203
. Robert D. Cook, David S. Malkus, Michael E. Ple-

sha, Concepts and applications of finite element anal-
ysis, Third edition, John Wiley & Sons, 1989.

. Hong Tian and Nannaji Saka, “Finite Element Anal-

ysis of Interface Cracking in Sliding Contacts,”
Wear, Vol.155, pp.163-182.

. D. F. Diao, “Finite Element Analysis on Local Yeild

Map and Critical Maximum Contact Pressure for
Yeilding in Hard Coating with an Interlayer under
Sliding Contact,” Tribology International, Vol.32,
pp.25-32.

. H. Djabella and R. D. Arnell, “Two-dimensional

Finite-element Analysis of Elastic Stresses in Dou-
ble-layer Systems under Combined Surface Normal
and Tangential Loads,” Thin Solid Films, Vol.226,
pp.65-73.

. K. S. Lee, J. T. Jinn and Y. Y. Earmme, “Finite Ele-

ment Analysis of a Subsurface Crack on the Interface
of a Coated Material under a Moving Compressive
Load,” Wear, Vol.155, pp.117-136.

. R. Babaei and S. A. Lukasiewicz, “A Solution

Method for Frictional Contact Problems of a Crack
in FGMs under Mechanical and Thermal Loads,”
Journal of Engineering Mathematics, Vol. 97, pp.
189-208.

. Ansel C. Ugrual-Saul and K. Fenster, Advanced

Strength and Applied Elaticity, third edition, Pren-
tice-Hall, New Jersey, 1995.

et AD, STAEle] AT, “9FAF
Mol ol Azwe) BARY} /g7 ARy
LA, 2000.

Vol. 18. No. 3. 2002



