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Effect of joining temperature on residual stress of
C/C composites and Cu joints
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Abstract: The effect of joining temperature on the residual stress in carbon/carbon (C/C) composites and copper plane
butt joints was studied using thermal-elastic-plastic finite element method. The results show that the distribution of the
maximum tensile stress has directionality. The maximal value of the tensile stress vertical to the joined surface is at the
C/C composites side near the interface. However, in parallel to the joined surface, the maximal tensile stress reaches on
the Cu side near the interface. The maximal shear stress is found at the interface. With the increase of the joining
temperature, the maximal residual stress increases, but the residual stress distribution is similar. When the size of the

interface is 4 mmX4 mm at 1 000 ‘C, the fracture may occur mostly at the C/C composites side near interface at a

distance of 1.2 mm from the edge.

Key words: C/C composites; copper; joining temperature; residual stress

C/C EMELRA SANELE . i P b MU 57
SR IFEATIRARE PR e KK 5T A
B AR w9 s RTH LB, R AR ARSI S i
(ITER) [ BE (R EE A4 RLE T R, C/C HAMEHE
ITER H Y H Al Ui e JE 5 Cu SOR R TR R R
. BT C/C ZEEMES Cu AEZIKREZER K,

FEIRRJE IR HIRE T, IR R 3 BUR R ™ E
FRARN ST, BRI ORI, 3G O R K R

TR ERGR VIO, Ik, A7

B C/IC EAEMES Cu IERE(C/C-Cu)fkH ik 2N

TIRIRAN B o3 A e, REmT & B PEIE R, Ff
I AR N7 o

PRI Y 3 B 0 W 5 1k 2 A S A AN B
e SEMVEA ZF, W X BFEATHNE . BN AR ik,
PR R ZE AN P AT AR, (RIS ek
SRR RE T AR AR BEA T SERH e, HANRE HA%
MEFRA BRI 7. 5T, BFCE B iR A R
TOEHHAT ISR,

EE&WMB.: EZREERTTUR ERIZE BT H (2011CB605803);:  [EZK i BRI 7T K i T T(2012AA03A207); 1R 4 BHETHRIT H (2011GK3212)

Usks BHA: 2011-04-28; 1&iTHHEA: 2011-09-16

BIEER: kARE), 7, W1 MG 0731-88877880; E-mail: zhang fuqin01@yahoo.com.cn



F22 %S

FRANSE, A ERRRIERT C/C AMEL L Cu JEREEER I AR N ) IR0 1299

EAER, BT EHEARMPGE R R, KGR
TCTTIERI UM B/ 4 a8 F 2 Y. ) 1k N 7 it 5 v ) —
AN, SHEN SSRHAT IR G HT T ALO;-TiC/
WI18CraV ¥ B (M2 S R AT N 77 R I 5 Rl [ ke 4
PR 7 IR ST S SR ALOS-TIiC M, 5 K%
I i 4% H Y. gt AR SET 4 S LT ) W18CraV il
5N 2SR AT BR G SE T SiC Mg S 428 Ta
HERIRARN ST, BRI K 1 R Ax I AR B S
I 0.6 mm [FFZEM . Pk, KA RGO s
DU A3 ) B ANFI A3 A5, Ao B Rl R s A
BT, AT C/C-Cu $E3kIR AN S A R Gy
Hr,  H AT E P ARNE A WA SRS .

I, ASSCVE# R AT BR OB AR 7
25, WS C/C-Cu $23k5R AR N 7 IR /INFI 43 A7 LA B
AR FEXT C/C-Cu KR AN 7 (50

1 X8

1.1 C/C-Cu &Ky JL&EE

X C/C-Cu MEHE AT PR BN At M iR
W 1) C/C HAEMENS Cu MBS S E SN, f71E
BRI LA SIRERA R L B T A,
(B AT I Z s 2 as bR TR AN
TADANHLA R 3)FENRIG A IR RE A, VA S A%
WS, GRS A AR 2 . AR LR
KIGTE 1 s, ARFRIR A TIER S L

Y

v

Cu X cre

<H Z’/
10 10
1 FEEAE I LA R

Fig. 1 Geometrical model of joined specimen (mm)
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Table 1 Material properties of C/C composites and Cut* 4
Coefficient Specific
. Density/ Poisson of thermal heat
Material 3 . .. .
(kgm )  ratio conductivity/ capacity/
(WmC™"  (Jkg'C™
C/C 1 740 0.20 85 234
Cu 8960 0.33 383 390
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Table 2 Properties of C/C composites at different

temperatures!* 'Y
Temperature/ Elastic Coefficient of thermal

C modulus/GPa expansion/10¢°C™!
30 16 1.00

200 16 2.50

600 16 3.18

800 16 3.19

1 000 16 3.20

1.3 &gz

K AP FROTEUE R C/C-Cu #3k 5k
RN, =4 8 17 S/STHAA Solids HLoox %
PR T X R P s Rl o1 S 3 3 S THI ) DX
R RN SR I, DA, AR T 3 AR
YIRS, TR TAREETT I R ERIR R 2 Mg, Wil 2
PR o

Temperature/’C  Elastic modulus/GPa  Yield strength/MPa  Shear modulus/GPa  Coefficient of thermal expansion/10 ¢ °C ™!
30 96.0 34.5 1.29 16.9
200 91.8 27.6 0.97 17.4
600 69.0 13.8 0.34 18.8
800 52.1 6.9 0.12 20.0
1 000 40.3 7.6 0.03 22.4
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Fig. 2 Element meshes configuration for FEM on C/C-Cu

joint
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Fig. 3 Distribution contours of stress on C/C-Cu joints: (a) oy;
(b) oy; (¢) Ty

EIRDHTRY: axs oy Al oy (IR AR AL TE
BAFRRE . P ox e AL FREIT S IR ORI L
0y, max DL TSR FHIRIR T, Ty, max B2 T IER S HIAL -



F22 %S

FRANSE, A ERRRIERT C/C AMEL L Cu JEREEER I AR N ) IR0 1301

7,,/MPa

Z/mm
=
(=)

Y/mm

(©)
B4 C/C-Cu BkMHIRIN )44

Fig. 4 Stress distribution on C/C-Cu joints section: (a) oyat

X=1.24 mm; (b) oyat X=—0.12 mm; (c) zyyat X=0 mm
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Fig. 5 Stress (o) distribution on C/C-Cu joints at Y=2 mm,

Z=2 mm and different joining temperaturers
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Fig. 6 Stress (oy) distribution on C/C-Cu joints at Y=2 mm,

Z=1 mm and different joining temperatures
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Fig. 7 Fractograph of four-point bending test on C/C-Cu joint
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Fig. 8 Shear stress (zyy) distribution on C/C-Cu joints at Y=

2 mm, Z=0 mm and different joining temperatures
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