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Quantitative Evaluation on Interface Bonding of Layered

Materials with Thin Cladding Layer
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(Yin Bang Clad Material Co. , Ltd., Jiangsu Province Key Laboratory for Clad Materials, Wuxi 214145, China)

Abstract : This paper briefly offers various methods of quantitatively evaluating the bonding quality of layered materials with
cladding layer thickness less than 0.5 mm. Each evaluation method has its advantage, disadvantage and applicable
conditions and scopes. As the continuous improvement of computer technology, finite element numerical simulation
technology has played a more and more important role in analysis of evaluating interface bonding of layered materials. With
the deepening understanding of interface and along with the advance of other technologies, testing accuracy and theoretical
models will continuously be improved. In the future, the interface bonding evaluation will gradually move forward to

quantitative, nondestructive, easy to realize automation and standardization direction.
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Table 1 Standard test methods for interface evaluation of layered materials
No. Name Thickness of cladding layer Method Note
1 GJB 446-1988 0.3
Test method for 90° peel strength of adhesives SO mm China
ASTM D3167-1997
2 . . . 0.2 mm
Floating Roller Peel Resistance of Adhesives
American
3 ASTM D1876-2001 0.8 Peel test
Peel Resistance of Adhesives ( T—Peel Test) - O mm
GBT1457-2005 American
4 Test method for climbing drum peel strength of <1.0 mm
sandwich constructions
s HBS5474-1991 0. 420,05 8:%“?
Test method for shear strength of thermal sprayed coating STED D e
GB-T7124-2008
6 Adhesives— Determination of tensile lap —shear strength of 1.6+0. 1 mm Shear test China
rigid—to—rigid bonded assemblies
7 JIS G0601-2002 <3.0 .
Clad steel plates test 0.0 mm apan
GBT 6396-2008 Shear, bend and
8 <3.0 ’ Chi
Clad steel plates—Mechanical and technological test o adhesive test ma
9 HB 5476-1991 0.15-0. 25
Test method for bonding strength of thermal sprayed coating ’ - oo mm China
10 GBT 8642-2002 Not anply t hi "
Thermal spraying—Determination of tensile adhesive strength o1 appiy foa very T codtng Vertical tension test Chi
ina
HB 7751-2004
11 Testing method for the bonding strength for the coating made 0.3+0.05 mm
by detonation—gun spraying China
JBT 8554-1997
12 Scratch test method for vapor deposition film and - China
substrate adhesion Seratch test
GBT 307072014 craeh e
13 Testing method on adhesion of fine ceramic coatings <0.02 mm China
—scratching
JCT2174-2013
14 Rockwell indentation method for adhesion of fine - Indentation test China
ceramic coating
GBT 5270-2005 Blast test 14 litati
Metallic coatings on metallic substrates—electrodeposited and 0.1-0. 6mm quatt a e .
15 . . . . . . evaluation China
chemically deposited coatings—Review of methods available Chisel method
. . . methods
for testing adhesion =0. 125mm
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Fig. 1  Schematic diagram of tension testing perpendicular to interface
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Table 2 Some work of interface evaluation by vertical tension test

Thickness of

No. Bond method Cladding layer/Substrate A Adhesion, MPa Reference
1 Chemical Vapor Deposition Diamond/WC-6% Co 0.03 3.2-4.3 [33]
2 Supersonic Arc Spraying 3Crl3 stainless steel/45 steel - 60 [34]
3 Detonation gun spraying WC—Co/Substrate 0.23-0. 47 100-143 [35]
4 Flame spraying Ni-Al Ni—Cu/Q235 steel 1.0 68-158 [36]
5  Thermal spraying 710, +Ni/low carbon steel 0.4 20-50 [38]
6 Flame spraying Bio—glass coating /Ti6 A4V 0.04-0.05 38-57 [39]
7 Supersonic flame spraying  NiCr+WC/45 steel 0.4-0.7 76-187 (407
8 Supersonic flame spraying Al/Mg 0.7 5-18 [41]

3.2 RHEiE

E ¥R zy SR TSR Y NS RS2 NIDE Y3 B O
PAFIE WU ICEE I 2R RE 0 S 45 5 R, e ] 58
FRRB B 2ok, R 0 R R 2 A
FIE Tk, EmMER ey F AR L, X (3)

W ZE R AR R

P=

AP p-FIBERE, N/mm; F-38 06

E, mm,

FIE 5 AAS A 50 A7 N/mm, AR EIEA LA Pa
S SR BE AR, N AR R AL S AR SO SR R B R

(3)

, N; L-itkEgs

FE” SRFALF MR TERE . 8575 X 53y 180° 3 574
H190°F B, Sundhal R C %5 38 2 90° B 1k i 1k 15
T Pd J Au IREAE = E Ak BRI BRI BRI, Bise
RS 3 3 ) B Y T AR/ B AR B SR 25 N/mm,
BT RIB RN E N Z K E LR, IR SR E T
HEEEMH G5 E T, Madaah—Hosseini H R
SRR T — A R B s 0 R v I B 0 T
R, MNITAT LAFRAS LA Pa S B0 A BLIE B #2558 5 . SERR
R TR L, — RS ES S T, S —
T RAER B B R AT R T, S T 180° )
FIERE T, WS T H4h, MEE KM
AR T A AR IR A E . B
JRIERERGIR, DU B A S A R e 2



B z=

T WEIRZRE GRS A & A E RN T ik 867

BORELTE SR T T — ) g ) AR R
AR SUR R, AR R T TR 2 S R S B
BRI B L, SCPs b, SRS R
B, wEsmpE, SRR, RIRTEE MRS SRR
fi 75 AR R B B A5 R AR, X S PR R 1A
ARt — 25
3.3 Bk

T ERIERfE, KRS A S, STUNAEE T 2
HIMERRIZRE GRS S E ) Z NIk Z—,
R 2 3 X R34 B D SR B R B D 3
JERT RIS R URE B BT 2 i ek Ty, T DR
JE TR AE A2 B VT 1) 1o 7 o B4R T BR L ) e A BRI 4 2 A
BVNaR AL (4) BT

= (4)

K, -PUBysRE, MPa; F-BYUIDIMrfafar, N; A-ik
FEBY DI AL, mm®,

FRUE GB/T 6396 — 2008, ASTM A264 }2 YS/T485 -
2005 HRILE T LT o B A I s R R ke e B By
HHESE EART RSN, SRR ESER (a0
JEEE/NT 0.2 mm) , IRE 518 5 )2 Tl 55 1 6L 8 L A2
WA 2L, s B, LR, SAh, hisiiks
FRAEJIH, B RN T SR, 35 E AR HE ASTM
Standard C633 F1H [E H5#E GB/T13222-1991 (JG# YS/
T550-2006 HAX) XF 52 )28 MR 22 A ARG 857 3K
FERST FIRIN 7 v6 64T T B, AEAE SEBRAS U 4 72 v iy
TR | BT S JBE 458 45 ) RELE 7 25 45 7 B8 A i 13
ZER, XIS BT A FROC IR R B, R
FIEATE AL F A gy PR, BTN 3 oA IR AR A, 1R
JRHR XS AEAE R A 1 R N, BB 2 IR R 1
KB N ) R Rk 1) i g 3L RE R R P2 AR, M E )R
PR T T {0 o N A B Rala o 172 7N 1 I T T S Rt
SRR IR LR S5 AR, X AT S5 R ok
TERMIRZE,

Era H"* S50 B0 AY HE B 7 1 00 47 7 elealk, 1A
TIEREE R 0.3 mm P& U 200 A BB iR, JF
A R ICH BTS2 T % Fh J7 ¥ i A S0k R n] Sk, JF &
VSR T — R R ARG A R R B 5 B 4 ) 3 %
B, R S BB A AR X o A b 0 4k AR b R
BApiESRENE (HPEREERNO0.2mm), HT
FZARRE R G B R W R S R R 2 ), X D3 o e B
SCESRXTHEE R (W/NF 0.1 mm) BYZE A SR E E
TP,

3.4 ENE
FEANE AR ERMEALE (IEE) MAmEEA

% (BRE) Wi, LR R IR AR 52 FEARAE R
Wk, Ry KB ARHE, HErhd TH s R B
T AR AT DA e 5 2 S SR 2 ) ) R A, R —
Rl FH A 73k 200 LR R P Sk DL — 2 3
or A AR 2 5 B A T o S R Y, AR S A 2
A ) 1SR A P, o

[ 20 t40 60 AR TF4E, Marshall D B 2504 FR 4G &2
T HAIF 5 P 8 A R A A 3o A v 4 S A AR R
2 J5 Hutchinson J W 2501 S 204y ot FY R LA HEAT T
I T, Ik eGh 5 b J5 S8 L 1 45 4 8 BB B R AR T
PO RISEI LA, XA (R /ERE AR RER
AR 2B 2R AT o AT AR AL B S,
AMRZ 2228 AR T AS TR 8 300 S B T 4 i
R0 o B O AR R T — R Z Y,
2B T S A A T RIS T IRE S &0 1.
o AT BT I 2 L G A SR B A A g
A, W E T TN %2 AW WSS A 58 &, Malzbender
IO RHGERY | Yamazaki YU SR R 45 A RE A
B ARAS 70 2 A A 2, 2T 4 %) Chian
BRI Evans BRI JEAT 73R TR 4 T HOS SR, 2R
HSF A PR N SR AN T o 5 B U 2 MRS AR A
LEATRIE 2R FIEIE RSk BT A BT A R
RIE Rk O S R E S, Mg B2 R TR,
WP 2 fiR, ARERIE 2R 2 i A&, R
g AmEm L (5) HE.

L 0
P 0 2 hig —
O'—kZWhlcotz—l.SPmux(Z 2 (5)

AXrf, o-Z5E5ME, MPa; k-RE; P, - ST 248
faf, Ny W—iAFESEE, mm; hl—iﬁﬁ@%u%ﬁgﬁ, mm;
O-BEOARE o5 L— K, mm; h, R TG O30

TE, mm,

Load pressure head

Substrate Substrate

Interface  Cladding layer Adhesives

B2 BRIk e et
Fig.2 Schematic diagram of wedge loading method®'!

FEATESEMR TR 45 3 50 BE A BRI, AT w454
JERZARE AR A AT A, B R A2 )
7%, WHMNREZ, R RG] TN,



868 Hh AR

535 &

3.5 XIRiE

SIJRE T 0 A S R ] — 2 BRA 4 I Ay Sk AE S
JARmERIF, HE RN EERN, 2T, H
RGO A BT, PRI BT, X — I S A AR
RIS G R . PR RN TE IR A R A
HBh# )R o i & 05 7 v Re | ik 1 R e
BRI Z 5, NATRE 8 A2 2 B 04 17 g 43R
JROM e NN o MIEEE ) o 3 Ry, FERLK 3 AR
%k PR B8 TR B0 5 R 43 ) 5 B AT TR B R
I RRIE AT 0 FURI S AR — A 4 PR Hok
—FjJ& Benjamin F1 Weaver LE0O3T 4 B th Y , AT BT R
Frnsl (6):

_ PH
T=k /7“_ (P (6)

A r-PUETSRE; k- (0.2-1.0); P-H)Z)2N
I P07 5 H-FEARAPRMERE . r— R EH 042 a—42fik
RIFRA%

AN, PR R A0 R B g S R O S A S
PO TR T FE 1) B e e A TR R L 45 A
BT B S X R T AN RIIR 5 0 Uk J2 AR 77 1 A8
T T BT, 57 T URZIUN ) BE AR A R R AR A X
SR FRPRE )RR 2, W E SR, RME
B TR B B O ok 4 v AR S I A 45 A, 22 ERE O
10% ", R EARFRWREG ZHE . ZREE, 20N
i, RMCHBERE | | kbR, EAMEREZ
V) 14 P 9 2 R A Ja R A 2 50T 3 R i Bk Aop LA K
s, IR B R BCWARE 4%, I B3k far SE PR LR
THEEZE, RNLEAREGE S, FILAFZE A M EE R
FIZE AR ME BLEEXT EE ) SRR, R HA R
YRR &R 2R E A MR PE M R, ik, R
BEEA RS | B 4 5 RIRTE 3 Sk 25 AT
S, AREMEE B e AT 5

AN 3 RIRE o o) e e o v L S A () P 25 B R
SRAGOEA, FEEIZ )y 2T LA Hee ik TR A 1) /N
RS &, TR FE —  FR B AR S B T S5 4 A
BRI ZERIRH, ENWE sk B A e
T 2RI, TPRBE 22 N A 1 BB ST TR OR i
TR RS T CRATDTR IR LA B 25 g i &)
JESCIREEY (JB/T8554-1997) kR,

3.6 BiLAhiE

B0 T ) SRR R 2R T R e e e A
OISR R SRR A O BT
BEARAF LS SR B AT LR R (7)Y

a:fVA=4ﬂHWWM+%¥=Mm (7)

Ap, F-¥Em S, Ny A-TA, mm®; N-$3%, rad/s;
r—FRERAE, mm; p-EZWEE, 10°y/mm’; -HZE
MR, mm; a— I O, m/s®,

WOTERR KA T IR e, (HAZZ AR, S22 R
SN EE ST E A T B . J3ob, e xELLIE
FHT RIS BRI ; 45222 RN T 10 wm
F, SRR K, XM EoRARE & X450
AR HARZ NI &R Z IR SRR L XELLTAR
3.7 HEFE

Hw o kA #OE )2 21 (Laser Spallation
Technique) ™7 | i F1 % (Stress Wave) ™ | PYAK L
Wi (Blister Test) "% 2l vk ( Bending Test ) Les.81]
S, [FRAATE T & T — LS 8P ik, s ehk
¥JR7E (Single Pass Pendulum Scratching Test ) N
¥ ( Bullet Test )[SN LOFE M 3h B B ( Contact
Rolling) "** %, M1 ARV 2R G bR} P72 2 o
SRR 2 | KGRI Jouk ol M I 45 Jt PR e 1o 32 38—
SERIBRME . S3oh, XHESF RS ST E , TN
AR R s 207 s, LA R 3 1000 e o
SAFE AR Z 25 G AR, X85 Jr ik 1l &
JRHAE R AR, RO EAA TARGF S, (HI] &
MHERATE | SSEA TR, TR ——250A,

AT R Sk 1 7 g 12 o — i AR IR A 9 A 0 7
i, B AR FH R IR P S I 5 R e A R A
R ERVFN A 456 . HETR Rk DA ke 24
FER 25 A 8 Iy T 3RAR TR Y 3 Y A
Y SRS N IR e €1 S (ERTEEY WS B R W33 B2
(S E SN T

43 i

S22 S W TR S — R R,
TRAEARGT A WAL B IBE ST, i TAP R & T2
MR, SZJZMEE 00 WA 2R, RECT 7
PUBSS &, RS G RS a %, WL, REERRE
BRI RS G i B RAT R ) e
iR SR, MR Z R E A SR
AR Iy BN AL~ (R, AR Bl L R B
KIATHAL, R )JZMFEAR B, TR
REL AT RETH AEAE A 2 R AR Y S P A i v, B
SIS A REL /N T AN, WA R AR DT,
SRS R I A MR AR RS S RE, (R I A RERT 1 |
SRR A I A SR, A AR T Z A i
Jridi, AEH TR ARSANIR,  TR] I 3238 46K A S
ANRITT I A A2 SR TCE A L, A R I 7 12



B z=

T WEIRZRE GRS A & A E RN T ik 869

AR, T H A AT IS L, DR e AR B
PRI O B4 53 AN AN 7 3%

RIfik IR B2 i R RN S If 45 45 it
(S (1 Sl a2 | = e i e VAN B S DR AT
IR A R R, L 207 VR AT DU DU B A
SR AS R L, AT AR T APE O S 2
SRR IEIRE A AR, EEALA . W BRI
BRI . B O MR E IS T A s
BT RIS Z RS 02 RAR (B0t 977 12
AT PEAAS SRR RS ) 5 QI EASIE I SR EAT AR A
PSJRRL oA, Al RE AT BY R I3 AF AR, R R i
& OMBUR G BT RIN 25 SR 5 T 258
[[E (R TR R N Rty o

REE  ZINEBEOVEW, i s g g
(LT 9=V /I BN AN S B O VA S WU P B 0 B TR
PEFTRAE, B O30T S Z R
o5, RIZMRERE S T RIS GRE, QZZE
JE | R R E MR R @1 T LTk
M AR ERES S T,

BIYNGE BT )T A A R R SR X R 4 G
FPARAE . FEAYCA . AT RAFHT 20 N RS T F i )
OB, FE B OXIRFEI TR B ZR S O
Sy A2 20 BT T A4S G R OMELLIT N KRR
JERESHRIAEL (11<0.2 mm)

FENGE I S A 0 ST 25 5 AT R AR,
AT A AP B, SORGIE RS G R RIS
i, AR AT R, IS AL, BRI
AN, FERIDTE, 5 SN, TR AESE PR A 2R AT TC ik
R, Al B R — Rl N TR DT v, EEA A
AR S )2 T B a3 8 7 SR ST AT R R R R AR B
ERe . OF5G MR m i H 22 M RE AR, (R JRH
SAROM AT A G WA, WA ™ A SR %, RIS i
TGS, Q@RS R BOE R, BIe i
W2, QHSk ML SR A, MELUR iy it
S SEBRRE T BRI, AR, B R R A AT ik
R Z AR

RPRE  JE I S 2T R S I 2 S AT R AR, B
RZVFZ AR A SN N Z B, RPOEE 2.,
HEMELF . W TBeA ZMIE I C A R RIS,
J2 F AR f o A B iy vk, BB . DRy
R RN R A GV RE Q@ MINRZ, ki)
REMRBOEAZ 2, AR S PR B T RIEM
SEURSRIBYERE Y DTRR, 1 E RO A N R, OANE T T
455 o B R HLAZ JZ AR BAT A SRR AR

BL AR I IEN T RS G R R X S A A
PEATRAE, FEET . OF 2L AR ML 3 &
QEJZARRERM; OB RN 5 BT

LR A BTN )T AT Y R R S S T £ A
FTFRAE, I Sy 27 3 M Sr SRR 255 S T Ay
SE L B R ) R, R BB SR DS E
RN RS B R TR 5 (D)3 2 A 7 g At Sy A S A
WASZEAET, M50 AT RE R AR R SE RV PE N RSB,
RIS R HE . QXS S 455 58 BB i B/ B
PERA L R 253 0 B T 52 AR B W 240 E O AP REANE 45

otk A IE N SR B2 G R R X S 454 E
FYRAE 271 T HERR A HE J3 22 I R TDIR S S5 R R 1Y
SR LR Tics A B, BRAER IR, MELUSO — Rl T AR
ST

5 & &

BEH PERIRL 2 BOR B PR A Ji B RS A 4R
(I 9 Rz o H AL T 45 5 58 8 1) R AE R 1%
PRHERT | R EOR XL A RS A S PN O i
ABRAGSERH BN 22—, NI, JF A e, i
R, AT, R THEN, 5 T9EA
SRR AL RO O 1 5 e A ) 207 ), A1)
XEZRIR A TS & WL A AR e B @ IR A, BEE T
BHLBAKF 05 i, A BRTEER AR 2R E &
FERH S5 G PERE T o2 21 Bk B i 22 1 48 AR
BT 2 TAE R RESE P

(1) ESEAFRMKIN Ik Z M NTEC R, R
PR ITIEAEAR AR S, RS A HLER . o
fEdT . SCue R . A FROTESE DT I £R A A T AL B R
Z P Z R AR A AR

(2) WIRRE LA EERTEN Ik, SIS 5o
JEB R, IR R Ty vk B S AT I 5 2R P M R RO,
2 2 ST 5 50 B R T A SR AR B ) BT 2845 B N JC
B, R, AR S A A 2R G S T 4 S O A Ok
BT Z—,

(3) TFRBIME/BIPER A R R WA O ik, HAT
S SS& PO J7 i 32 B B X RS AN IR R A A MR,
XL BIVEA BRI, FLAR TS & 5 B A P4 F
FETARAXT A X RE R B JE/ SR SRR (AN
R R/ MR E SRR T, T s EAR
HNF 0.1 mm), ARMERH EARIFERAT R 51
SERTFHY, MRAFIT A — P S PR B0 BT i, WX
FJERPRHAR R S 25 5 9 B PPN O IR IR B R LAY )
PR ST WA IR K A — A £ BT 1,



870 rf AR 5535 %
“ 2002, 15 (4): 28-31.
SEX#  References [24] Liu Futian (XM, Li Zhaogian (ZJKRT), Wang Zhi (F

(1]

[10]

[11]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

[23]

Xu Bingshe (i 3f4L). Material Physics and Chemistry of the
Interface. (FHEVRTTRIOWM 5 162%)  [M]. Beijing: Chemical
Industry Press, 2006.

Lesuer D R, Syn C K, Sherby O D, et al. International Materials
Reviews [J], 1996, 41 (5): 169-197.

Li Long (2= JB), Zhang Xinjin (3K.0>4), Liu Huiyun (X]£>
=), et al. Journal of Wuhan University of Science and Technology
(BEBBHER2ER) [J], 2013, 36 (3): 195-201.

Mohamed H A, Washburn J. Welding Research Supplement []],
1975, 9. 302-310.

Bay N. Welding Research Supplement [J], 1983, 5. 137-142.
Danesh M H, Karimi T A. Materials Science & Technology [J],
2004, 20 (8): 1064-1068.

Jamaati R, Toroghinejad M R. Materials and Design [J], 2010, 31.
4508-4513.

Hwang W S, Wu T I, Sung W C. Journal of Engineering Materials &
Technology [J], 2011, 134 (1), 57-73.

Davies D, Whittaker J A. International Materials Reviews []], 1967
(1) 15-26.

Mittal K L, Corporation H P. Active & Passive Electronic Components
[J],1976,3 (1).21-42.

Ting B'Y, Winer W Q. Journal of Tribology [J], 1985, 107. 472
-477.

Ting B Y, Ramalingam S, Winer W Q. Journal of Tribology [J],
1985, 107 (4) . 478-482.

Valli J. Journal of Vacuum Science & Technology A [J], 1986, 4
(6) : 3007-3014.

Steinmann P A, Hintermann H E. Journal of Vacuum Science &
Technology A: Vacuum, Surfaces, and Films [J], 1989, 7 (3):
2267-2272.

Chalker P R, Bull S J, Rickerhy D S. Materials Science &
Engineering A [J], 1991, 140 (91): 583-592.

Han W, Rybicki E F, Shadley J R. Journal of Thermal Spray
Technology [J], 1993, 2 (2): 145-150.

James K J, Normann R A. International Conference of the IEEE
Engineering in Medicine & Biology Society [ C]. USA: IEEE
Standards Board, 1993 1563-1564.

Zheng Senlin ( F8ZEHK), Zhang Pingyu (3K F-4%). Thin Film
Science and Technology (ERRFRFFASHA) [J], 1993, 6 (2):
85-92.

Leigh S H, Berndt C C. Journal of Thermal Spray Technology [J],
1994, 3 (2) . 184-190.

Ge Jiping (E4KF). China Surface Engineering (W EZRTH TH2)
[J7, 1995 (2): 43-48.

Yi Maozhong (Z7%H), Ran Liping (FHUH), He Jiawen ({5
30). Surface Technology (RIHA) [J], 1998 (2): 33-37.
Ma Feng (5 U§), Cai Xun (%8 ¥1). Surface Technology (ZEH;
A) [J], 2001, 30 (5); 15-19.

Zhu Xiaodong (ARMEZAR), Mi Yanyu (CKEEfB), Hu Naisai (#H%S
%), et al. China Surface Engineering (WPEZFMW TA2) [J],

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

W), et al. Materials for Mechanical Engineering (HUW T AR}
[J],2002,26 (3): 1-4.

Su Xiuliang (FMEZ), Zhang Xinyu (3KJiKT). Electroplating &
Pollution Control (FAFEFILR) [J71, 2004, 24 (2): 6-11.

Hou P Y, Saunders S R J. Materials at High Temperatures [J],
2005, 22. 119-129.

Yang Banquan (#¥E40), Chen Guangnan (B)6Fg), Zhang Kun
(5K H1) , et al. Advances in Mechanics ( J12#iE®) [J7, 2007, 37
(1) 67-79.

Tang Wu (J5 i), Deng Longjiang (FSHEIT), Xu Kewei (#:0]
A). Rare Metal Materials and Engineering (Fif5 4 @M #H5 T
) [J], 2007, 36 (8): 1412-1415.

Wang Jun (E %), Tian Chunying (&), Wu Shuyan (I
i), et al. Welding (X#42) [J], 2010 (11): 19-23.

Song Yanan (ARIVE§), Xu Binshi (#7E+:), Wang Haidou (E
W31) | et al. Engineering & Test ( TAE5iA5:) [J], 2011, 51
(4): 1-8.

Chen Z, Zhou K, Lu X, et al. Acta Mechanica [J], 2014, 225
(2): 831-4%2.

Han W, Rybicki E F, Shadley J R. Journal of Thermal Spray
Technology [17, 1993, 2 (2): 145-150.

He Xianchang (i), Shen Ting (% #E), Shen Hesheng (L
fartf) | et al. Materials for Mechanical Engineering (HUIE T F&4F
B [T, 1998 (5): 7-9.

Wang Liuying (VEXIRY), Wang Hangong ( E¥X ), Liu Xueyuan
(XI2£78), et al. China Surface Engineering (9 E 1 T.72)
[J7, 1999 (1): 19-21.

Tang Jianxin (JFHSH) , Mi Qingtian (CKF5H) , Zhang Aibin (5K
F5iR) , et al. Materials Engineering (FPRITAZ) [J], 2001 (4):
34-36.

Zhou Wei (J& ), Qiu Changjun (EBK%), He Bin (fi] #2), et
al. Journal of Nanhua University ( FHERF244R) (17, 2005, 19
(2): B3-25.

Wang Yinjun ( F4R%). Physics Examination and Testing (4FE
i) [J], 2006, 24 (6): 52-54.

Lima C R C, Guilemany J M. Surface & Coatings Technology [J],
2007, 201 (8) ; 4694-4701.

Li Mugin (Z555%)1) , Meng Xiangcai (7fEA"), Zhuang Minghui
(JEBARE) , et al. Transactions of Materials and Heat Treatment (¥4
FHIEFIER) (1], 2009, 30 (2) ; 158161,

Liu Shenglin ( X }k #k), Zheng Leiping ( 5 & #£), Geng
Ganggiang (BKMIS®). Tungsten Carbide (WEFiA4:) [J], 2009,
26 (4).228-231.

Meng Mo (% #%), Zhang Zhimin (3KJAE), Xu Hongyan (#R%
WF). Journal of Zhongbei University (ALK F244)) [J], 2011,
32. 137-141.

Sundahl R C. Journal of Vacuum Science & Technology [J], 1972, 9
(1) 181-185.

Yan Xuebai (B2##H), Li Zhenghua (ZFEIEAE), Li Xuanming (2%
&), et al. Rare Metal Materials and Engineering (G & @t



B z=

T WEIRZRE GRS A & A E RN T ik

871

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[59]

[60]

[61]

[62]
[63]

[64]

[65]

FHSTAE) [J], 1991 (4): 36-45.

Madaah — Hosseini H R, Kokabi A H. Materials

Engineering A [J], 2002, 335 (1) 186-190.

Liu Huan (X1 XK), Zuo Xiaojiao (ZEWEEZ), Huang Hongjun (7%

VS %), et al. Special Casting & Nonferrous Alloys (ﬁ—‘ﬂ’%ﬁ&

HEga) [J],2014, 34 (5): 529-531.

Era H, Otsubo F, Uchida T S, et al. Materials Science and

Engineering A [J], 1998, 251 166-172.

Marot G, Lesage J, Demareaux P, et al. Surface & Coatings

Technology [J], 2006, 201 (5): 2080-2085.

Jing Yuan (HE%), Dong Xuehai (#IFE), Sun Benliang (Fh

AK), et al. Hot Working Technology (FJNT.T.Z) [J], 2011,

40 (12); 103-106.

Marshall D B, Lawn B R, Evans A G. J Am Ceram Soc [J], 1982,

65 561-566.

Ritter J E, Lardner T J, Rosenfeld L, et al. Journal of Applied

Physics [J], 1989, 66 (8): 3626-3634.

Hutchinson J W, Suo Z. Adv Appl Mech [J], 1992, 29, 63-191.

Yi Maozhong (55/&H'), Dai Yao (¥ #), Zheng Lin (¥ #k),

et al. Journal of Experimental Mechanics (S55:71%%) [J], 1998,

13 (2): 162-167.

Hu Naisai (ﬁﬂ%—?%), Xu Kewei (%7 4), He Jiawen ({ﬂ%‘(

3C). China Surface Engineering ("PEZRE TAE) [J], 1998 (1) :

31-35.

Wei Xicheng (F5JhL), Li Jian (ZF {@#), Yuan Chengqing (3=,

). Tribology (BERESA2EHE) [J], 2000, 20 (3) . 229-231.

Malzbender J, With G. Surface & Coatings Technology [J], 2000,

135 (1): 60-68.

Zhu Qifang (RHF5), Shao Beiling (FFIIF), Sun Zeming ()

PEWH) , et al. The Chinese Journal of Nonferrous Metals ( FEA T

B (1], 2002, 12 (2) : 315-318.

Yamazaki Y, Arai M, Miyashita Y, et al. Journal of Thermal Spray

Technology [J], 2013, 22 (8): 1358-1365.

Li Heqing (Z%%%), Cai Xun (2£75]), Ma Feng (55 %) | et al.
Materials for Mechanical Engineering (HUBMTFEMRL)  [J],

2002, 26 (4): 11-13.

Li Kunming (Z5H18) , Bao Yiwang (fUJF32), Wan Detian (Ji

P8M), et al. Journal of the Chinese Ceramic Society (FEFRER#

#) [17, 2010, 38 (1) 119-125.

Liu Chang (X ¥). Dissertation for Master (Wit 30) [D].

Shanghai; Shanghai Jiaotong University, 2011.

Zhu Qifang (A H:F5), Chang Xiumin (% 75%), Shao Beiling

({:ﬂ“)—l 3%\) , et al. Physical Testing and Chemical Analysis Part A

Physical Testing (3ALASS. W34 Mt)  [17, 2000, 36 (11):

497-500.

Heavens O S. J Phys Radium [J], 1959, 11 355-360.

Weaver P B. Measurement of Adhesion of Thin Films [ C] //

Proceedings of the Royal Society of London. England: the Royal

Society of London, 1960 163-176.

Butler D W, Stoddart C T H, Stuart P R. Journal of Physics D,

Applied Physics [J], 1970, 3. 877-883.

Karnowsky M M, Estill W B. Review of Scientific Instruments [J],

Science &

[66]

[67]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

1964, 35 (10); 13241326,

Berendsohn O. Journal of Testing & Evaluation [J], 1973, 1 (2):
139-143.

Bull S J. Tribology International [J], 1997, 30 (97): 491-498.
Ollendorf H, Schneider D. Surface & Coatings Technology [J],
1999, 113 (1) 86-102.

Feng Aixin (V%) , Zhang Yongkang (iK7K#), Xin Huakun
(Igﬂﬂéfﬁlc) , et al. Journal of Jiangsu University ((I%‘\j(i’i’?ﬁ)
(77,2003, 24 (2): 15-19.

Huang Linguo (FEHKIE). Surface Technology (FRTMHIAR)
2005, 34 (1): 19-21.

Qu Quanyan (#E2R), Qiu Wanqi (I{J1%T), Zeng Dechang (
18K, et al.
(HZRPESHARSR) [1], 2009, 29 (2): 184-187.

Li Jianguo (Z=#E[E), Hu Wenjun (#]3X7E). China Measurement
& Test (TPEIIA) [J], 2012, 38 (2): 13-16.

Huang Ke ( JT), Yang Fuliang (#{KR), Chen Lixue (Fi7
2£), et al. Surface Technology (FEIMFA) [J], 2013, 42 (5):
107-111.

Yin Sumin (BEHRE), Ye Yong (M 55), Feng Aixin ({ZE#H),
et al. Chinese Journal of Lasers (FVEHOE) [J], 2008, (9):
1423-1428.

Gupta V, Argon A S, Parks D M, et al. Journal of the Mechanics &
Physics of Solids [J], 1992, 40 (1) . 141-180.

Zeng Danyong (%485 ), Zhou Ming (J& B), Zhang Yongkang
(3KIKEE) , et al. Surface Technology (FEHFLA) [I], 2000, 29
(4): 27-30.

Zhou Ming (J8 B), Zhang Yongkang (iK7KHE), Cai Lan (%%
2£). Science China (FERIEE) [J], 2002, 32 (1): 28-36.

Zhou M, Zhang Y K, Cai L. Applied Physics A [J], 2002, 74 (4):
475-480.

Hou Zhende (Z4R{E), Tang Lingsia (%REE), Fu Donghui (&
KRE), et al. Acta Armamentarii (5= T.2%44R)  [J], 2006, 27
(2): 306-309.

Jian Xiaogang (/M) , Chen Ming (B4 #H), Sun Fanghong (#
HE ), et al. Rare Metal Materials and Engineering (ﬁ%/ﬁ%ﬁﬁf
FHSTAE) [J], 2004, 33 (12): 1299-1303.

Lu Zhemeng ( F5H%%), Wu Chenwu (RFE), Zhang Kun (5K
Y1) | et al. Transactions of Materials and Heat Treatment (KRl
AR ) [T], 2007, 28 375-378.

Wu CW, WuZlL, Zhang K, et al. Journal of Mechanics of Materials
& Structures [J], 2009, 4 (10): 1703-1709.

Sun Hailin (#MEEFK), Lin Qinglin (XIFHK), Hu Naisai (%5
FE), et al. Compressive Strength (FUBMGGREE) [T, 199, 18
(4): 59-61.

Shi Zongli (F1%%#]), Huang Yuanlin ( #J0HK), Wang Yanping
(EEW), e al. Journal of Lanzhou University (2N R27224)
[J], 2002, 17 (2): 170-176.

Li Long (ZE J8), Zhu Zhichao (#LiEH#E), Zhou Dejing ( J& 1
W), Southern Metals (FA54:)®) [J], 2015 (06): 1-9.

(m4 & =)

(1],

Chinese Journal of Vacuum Science and Technology



	11期全文 55
	11期全文 56
	11期全文 57
	11期全文 58
	11期全文 59
	11期全文 60
	11期全文 61
	11期全文 62
	11期全文 63

