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Analysison thefield of temperature and thermal stress
for Al,Os/ Ti sysem FGM during laser sintering
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Abgtract : We use finite dement method to caculate temperature field and therma sressfidd for
Al,Os/ Ti sysem FGM in the process otlasar dntering. The temperature of the different layers of the
dntering sample was measured with thesthermooouples. The results show that the temperature drop be-
tween the laser irradiating surface(Al,Os/ Ti layer) and the back surface(Ti layer) was 325 ,and the
temperature gradient was more precipitousin Al,Os ceramic layer than in Ti metd layer. We defined the
parameter p ,caled component gradient of FGM sample ,to indicate the leve of the temperature gradient
in ceramic Al,O3 layer. The thermal reddud stress digtribution mainly was dependent on the vaue of p.
The axia shear stressoccurred near the radid free edge ,and trandormed from compressve stress to ten-
dle stress dong with the increasng of p from less than 0. 5 to greater than 0. 5. The maximum radia
sressoccurred in the trandgtion region between pure Al,Oz layer and graded interlayer. The distribution
of circunterential stress was Smilar to radid sress distribution. All of the component of the therma
resdua sress got the minimum when p=0.5.
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Table 1 The physca propertiesof the test materiast*®!
1 Poison’ sratio Young' modulus  dendty melting point
Al,O3 v E(GPa) (g cmd) T( )
( ) Ti( Al,0; 0.27 380 3.9 2045
99 %,200 ) ,Al»Os Ti 0.33 116 4.15 1668
) 1 3
Table2 The therma expanson coeficient 0 of test materids(10°% ) (8]
T( ) 27 e 127 227 327 427 527 727 9007
A 8.5 8.9 9.3 9.8 10.2 10.5 10.9 11.6 1.2
T( ) 20 100 200 300 400 500 600 700 800 1000 1200 1400 1600
GA|203 5.3 6.5 7.5 8.1 8.6 8.8 9.0 9.2 9.4 9.9 10.3 10.7 11.1
Table 3 Thetherma conductivity of test materids (W/ m- ) ¢!
() 21 127 327 527 721 927 1227 1727 p=0.75
10 ,

A 21.9 20.4 19.4 19.7 20,7 22.0 — —

X
Ao, 36.0 2641 158 10.4 785 6.55 566 6.0 e1lmm x 3mm,

(¢0.2mm) , 900 FGM
, 2kW COZ )
14mm x 28mm , ,
, 500W 60s, 4min
Ar
, 0.4s
2
FGMV fi=(z/ t)p 1 Al>O3 ,Z (
[ T ] )t . p , 0.25 2
10 , z=2z=it/9,i=0,1, 9
Al,O3 Ti 1 3 \Y a A
, E

E={[f2E(q+ E)/(q+ E2) ]+ f1E}/{[f2(q+ E)/(q+ E)] + fa} (1)
s 1,2 Al>,O3 Ti,f1,f2 Al>O3 Ti i+ =1, q
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Fig.4 Isogramof radid and axid stressesin FGM sample (M Pa)
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