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Measurements of thermal residual stress in the Al,O;/SiC composite
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Abstract; The instrumented nanoindenter is applied to estimate thermal residual stresses in an Al,O,;/SiC,. The
composite is assumed to be equivalent isotropic and the radial residual stress is assumed equibiaxial and uniform over
the depth beneath the indented surface; A constant load at the initial touching (depth=0) is supposed to be total in-

fluence due to the imperfect tip and roughness of contact surface; The radial residual stress estimated by current

method is close to theoretical results.
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Table 1 Basic properties of current materials™*'*")

Density/
material E /GPa v G/GPa  «/107¢/C
g/cm*
Al; O 360 4, 0g 0,23 163 8. 34
SiC 410~ 3.2g 0.19  Ci2=140 4,45
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Fig. 1 The roughness of the current test materials
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Table 2 Theoretical thermal residual stress in Al, O, /SiC

Om:/GPa B o,/ GPa o,/ GPa

material

Al O3

Al Oy/8iC 0.156 1.742 0. 344 —1.5464
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Fig. 4 The scheme of the thermal residual stress in

Al; O3/8iC: (a) radial stress ou; (b) indentation test
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Fig. 5 Typical P-h curves in the nanoindenation

3.1 ERZEBFESHERE ML
M TFHEBRGELNERER, MBEMBE
AL 2R 0
P =Ch? (8
Hor C'h WA RHE BRI Sk LA R € .
—REERFERKH, XBB/ESZHTEYER
. MEFBIUL, 7R HIRET AR B SR AT T MR R
Ko EEBEBE BB LB A
P=bty (1<<m<2) (9
Be(RMNLEERUGHAERXME
A. BERWBTARAN, TEONEXFLHRE
A e T IR AR 22 A0 2 Ak =% TED Y MRS B 9 2 TR (m~
1.66), MEAB " BRWPHRER, TREEY
A—EHREFRUEEXR.
P = C(h. —ho)? (10)
o ho BR O AR BRAR R B AT R AN AF ) 2% T ML KR
MERFR, EFRAOP, HEMBEE L. =0

270000000 B Th o
= 225000000 R? = 0.9997
2» 180000000} P= 4885.8h.-%*
T 135000000} ¥ = 0.9986
'§ 90000000 |
-
45000000 I o Aluni
O Alunina/SiC (5%)
0 Lo . \ :
0 200 400 600 800
Contact depth /nm
(a)
10
Ng 8|
2 6t
g
] 4t
5
.% < Alumina
& 2r O Alumina/SiC (59
0
0 100 200 300
Load /mN
(®)

B6 ALO; f1 ALO:/SIC HAKEREBLER .
(2) RFT-FMAUBHE; ) BRT-EMEHXER

Fig. 6 Test data recorded in the nanoindentation tests
for Al,O; 1 Al,O3/SiC: (a) load-depth curves;

(b) relations between the load and the project area

10

o oo
T

Project area / 10°nm?
S

© Alumina
2 0 Alusine/SiC ()
0 2 1 1 L
0 200 400 600 800
Contact depth / nm

B 7 AlLO; f1 Al Os/SiC BIFH #1564
PRERBEMERSEMEERR
Fig. 7 The relations between the project area and

contact depth for current materials

B, Po=Chj. BLERRH, $HRAREHEKEH R,
WA N REREME KL WM S . FES



e 200 -

E e # 5

BEMRN, MBLRPAMREZWMBR, MAEREH
KR ZIREZ B /D, BELBHEETEEER
(T8 EHAERMARPRAUGHARELN:

P = P, + Ch? (1D
XEB P, AR & ERA i FIE BB REE R K
FEHEKRTERNEW, AHIERANTHRN
Al O;/SiC & &8l i # 2% BL 5% 4% B 7 tH XS F s &
&R ALO: RUEERBEMFLE, NE5EREEL
X, BHERRMAWEZMEEFBRADKE _HE
Bk, NEEE, BT P=P,+Chi>Chi=
Puoues PoBDRRL A TER] 165 Ak 0l FIEFBAE R GE TR
MR ERRE B BT M e B3k B 1. B
FE, BFBRAODMATBE P=P, A B3 H
i IR B 2%

Chi = P 12)
IH 388 o7 A % 1Y 2% o IO B B ) B ) G B A R LA
FERENM 1. B8 MM BB B LR
EBEEFRADMADMERXBRMI A L.

300000000 —"Eq. 12
~—Eq. 11
250000000 © Aluina
g 200000000 P=B +CH2
E
5 1500000000
?g 100000000
—
50000000 |
0 . ——
0 100 200 300° 400 500 600 700
Contact depth / nm
(a) ALO,
300000000 o 12
o Alumina/SiC (6%)
250000000 —Eq. 11
i
4 200000000
E
ap
21500000000 PR
e~
2 100000000
50000000 s 3

0 o
0 100 200 300 400 500 600 700

Contact depth / nm
(b)A1,0,/8iC (5%)

B8 BEMHEMESHBORFUSEIREREUR
SFHEFBRADNTRADBURER
Fig. 8 Fitting curves (Eq. 11 & Eq. 12) and test data

in matrix and composite materials

3 HNEXREIEEM EHTHRRRML Y
BRUESH. HOLGHMMLRMBERRLER
FHREMERMEMEENOREREUGHAH
R

R3 FRMBF-RMEBTENXTBRUASY

([P]J=kg (nm,sec. })
Table 3  Fittiing coefficients in test data of the load-depth curves

P=P;+a * h? P=axhe P=a(h.—h)?
Fitting
(Eq. 11) (Eq. 8) (Eq. 10)
Al Os a="558. 946 a=0590.662  a=463.389;
P, =9840309. 754 ho=—73.854
Al203/8iC  a=569. 146; a=590.655  a=507.215;
(5%) Po=6577014, 942 ho=—44, 912

10000000

se-e-- fitting /!
& Alumina/SiC (5%)

4

& Aluaine /é
60000001 | /

4000000 | | &//-;4: = dﬁ:
/

&
»

-

0 100 200 300 400 500 600 700
Contact depth / nm

8000000, |

Project area / 10 nm?

20000000 F

0

B9 FIRMBEERKSE TSNS
HR-FRERESLZBH AR
Fig. 9 Test data and their fitting curves

of depth-area for two test materials

3.2 MRER

K441 ALO,/SIC RAM B HH MK EBEA
BLF7, B o, RRIBAM I FE AW BMEEFH
BRI FRA DL ST 5 ou F AR 5 A% 30 A 187 b A5 B | 4 K
ERLERBIRMEBM - EMABMA 202D UK
BMER - BEMEEXR: A=Dxhl 83K, H
R LFBRMNTRNEHE LSRN, XRE
A5 B BURL Y [9] 7 [ B9 B A 3R AR BT A7 B B i BT
B, ASHTFLREREAN, REETKEX
M, FTBZERE ALO,/SICESME &K G mHER
AR ST 5 WU 18] 4 B4k o 9 R ER 5% AR L F1 T
BRERBHEAERPEIRM, XBEXLTRA
N RN B R A .



B ALOy/SIC, BA MR Bk FLB B T &

F4 ERIENEOE ALO,/SIC HHARKER TN
Table 4 Thermal residual stress along

radial direction in current tests
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