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Fig.1 Creation of thickness-ratio diagram
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Fig. 2 Zone division in diagram of thickness ratio relations
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Fig. 3 Locations of the typical coatings systems
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E/GPa v
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FeAl )2 zag 0. 50
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Fig. 5 Distribution of maximal surface tensile

stress in thickness-ratio diagram
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Fig. 6 Distribution of maximal shear stresses .,
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Fig. 7 Distance of the maximal r,, from the surface

2.3 FEEMHSH

RE A4 mE 1(b) iR, TE4 % A 3N
HamEet . TFUTREEERKLEF A
EFEERARE—/RE.MERE L1~3 L8
RE B R % T L M B 7 5 1 T IR BB LL

hHREEERRFEEMNSIFEARE, AR -

ERE 1(ALO,/AD MR H 2(Al/FeAl) 4b&yh
FEE TR EB N S E, AT 3(FeAl/3

BOFETAREHONAHE.

REMNRFIEREHENEEARAR, A 8.
B9 BT B ERA T Ak &K ETE
FEELETHS AR dETH, EHR
ACHIE . A ERERRERER/MIRERK
RERTEARKKINAE, MRS BBEX
BRI AERD, TRERNFETK
KWL 5 ALY VI 0L ).

A - 5

M8 RE IALO;/JADABZAT K A
T, F

Fig. 8 Distribution of maximal shear stresses

Ty at Al, O3/ Al interface

[t /MPa s C

M9 RE3(FA/EBOLZAYN
H ey GH

Fig. 9 Distribution of maximal shear stresses

1., at FeAl/substrate interface

HESTH,ALO,ZESBEEEZ R
@ 1CALO,/ADRBY B hERB R MW E
MEEWA R 0.5 0, Am 1 AN ER



S 64 A # #H I XK

546 %

NHAEY K 22. 1 MPa; BESA 2 R e/,
EHERHHM, AR AC, Rl 1 LB HERK,
#52% 31.8 MPa. ffj FeAl EREBEEX R 1 &5
BN AR, R 2 MM AEATRE
IMA@mIZE RREAAR AC WL, 5§
FeAl 2 ALO, EREZHHX, B KARE
ESu/NRE 2 R8I h.

HEIH . AREREERLAS, R 3 &
BB L IBE R K, K 28.2~31. 9
MPa, B KETEHF AC MiE, B/MEEMN FHR
CB s #BHHE, B FeAl EBEE MMM, T 3 &
BIBLIRL h& K. 75 FeAl B 5 ¥H® Z, K
B, FE 3 BBIR A EB K.

Wt LA BB R ST, AT R 2R SR A
B MEREHELEARETEAEH X
EERFEHIBIEA.

3 85 &

(1) RERERNFFENSESZRELH
BYYIRL A7 , [5] B A 46 e 2 3K I RO R I 38 K

(2) ALO,BREERZNE KR S IEE
REHER,ALO, B BEER K, & AN H @R
BREMB. R, ALO, BB %2 X ¥k
N BERBREWHN . 4 ALOZS Al R
B RS, AL O, /Al T 4b A9 B BL S1 B /.

(3) FeAl Xt % 2 3R 8 A1 7 1 B 7 % " i /5
B/, YEi/ FeAl RRER, 285 B A& FeAl/
KR AL BB S11E.

A, MREEEHELESRERB, Y
BEEENHEEEEMEENERES FeAl B
M2 REERREHARLEARKRMNEEMA T
MAGHRE, TERBGRERTRIAMRE
OB, WTT IR & 3R B IR TR BE.

5% (k-

[1] YEROKHIN A L, NIE X, LEYLAND A. Plasma
electrolysis for surface engineering [J]. Surf Coat
Technol, 1999, 122.73-93

(21 ¥4 %, 1 K. $BFHEBAANFRAR

(). H#3#R&, 2004, 34(2):237-250
[3] LAZAREV V B, SANYJIN V P, SAAKIYANL S,
et al. The study of steel of aluminium coatings on
steel, oxidized by micro-arc method [J]. Izvestiya
Akademii Nauk SSSR Neorganicheskie Materialy,
1991, 27(4): 741-746
(4] GU Wei-chao, SHEN De-jiu, WANG Yu-lin, e al.
Deposition of duplex Al;O;/aluminum coatings on
steel using a combined technique of arc spraying and
plasma electrolytic oxidation [J]. Appl Suorf Sci,
2006, 252:2927-2932
[5] EFREMOV A P. Composite coating for protecting
carbon steel stress corrosion failure [J]. Protection
of Metals, 1989, 25(2):176-180
[6] YU Sheng-xue, XIA Yuan. Formation and structure
of composite coating »f HDA and micro-plasma
oxidation on A; steel [ 1], Trans of Nonferrous Metals
Suc of Chinn, 2004 . i4(Suppl. 2):310-314
(7 EF TAY. ER%.F. ZARRERMAAL
#E ] £#44mTHA, 2003, 31(9):35-38
(8] UHLMANN E, KLEIN K. Stress design in hard
coatings []J]. Surf Coat Technol, 2000, 131;448-451
[9] BENNANI H H, TAKADOUM J. Finite element
model of elastic stress in thin coatings submitted to
applied forces [J]. Surf Coat Technol, 1999,
111(1):80-85
[10] DJABELLA H. Finite element comparative study of
elastic stresses in single, double layer and
multilayered coated systems [J]. Thin Selid Film,
1993, 235:156-162
[I1] FAGAN M J, PARK S J, WANG L. Finite
element analysis of the contact stresses in diamond
coatings subjected to a uniform normal load [J].
Diamond Relat Mater, 2000, 9(1):26-36
[12] DJABELLA H, ARNELL R D. Finite element
analysis of contact stresses in an elastic coating on
an elastic substrate [J]. Thin Selid Film, 1992,
213:205-219
[(BIR®RE. X R.XAZE. BEMLABL/4BTHK
RRALEGRERERE VG BH U] HB#AL
¥ 4. 2006, 27(2):103-107



474 ARBE - SEMERERERLE A FABRT L S 65

FEM analysis of stresses field
in multilayer ceramic coatings of thickness-ratio

WU Zhen-giang?, XIA Yuan'', LI Guang', XU Fang-tao'’

( 1.Inst. of Mech. , Chin. Acad. of Sci., Beijing 100080, China;
2.Graduate School, Chin. Acad. of Sci. . Beijing 100049, China )

Abstract: Multilayer ceramic coatings were formed on aluminized steel by plasma electrolytic
oxidation technology. The effect of thickness-ratio on the stress field of multilayer coatings subjected
to uniform normal contact load was investigated by using finite element method (FEM). As a result,
interfacial stress is obviously reduced by Al layer. Meanwhile, with thickness of Al layer increasing,
surface tensile stress also increases. Al, O, layer is the main factor that affects the location of maximal
shear stress within coatings. Moreover, thicker Al;O;layer improves the coating supporting
performance and lessens tensile stress at the surface. Especially, shear stress at the Al,O;/Al
interface is minimal as Al,O;layer and Al layer have the same thickness-ratio, Surface and interfacial
stresses are slightly affected by FeAl layer. Therefore. when chocsiag thick zeramic layer and thin
Al layer, there are appropriate stress distributions at suviface and inte:f{aces, and the mechanical

properties of coatings can be strengthencd.

Key words: thickness-raric; multilayer coating; interfacial stress; finite element method




