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A rafting model for creep of Ni base single crystal-at high
temperature based on microstructure cell

CAO Juan, WANG Yarrrong, SHI Duo i

(School of Jet\Propulsion,
Beijing University of A'eronautics~and A stronautics, Beijing /100191, China)

Abstract: A rafting model for-creep of-Ni base single crystal based on microstructure
cell was intreduced\into\the disloeation slip-model, and-the rafting behaviors during creep of
DD3 at 1223K'and SRR99 at 1123K and 1253K were described in combination with the cell s
analytic stress model.\ By ‘incorporating the changes of the cell s dimensions into the cell

stress model, the'criterion ofirafting type and direction judgment was determined and the raf-

ting deformation was simulated quantitatively. Both the results of rafting direction judgment

and the simulation of rafting process were in agreement with experiments. With the intro-

duction of rafting model, the dislocation slip model could simulate the creep behavior of sin-

gle crystal at high temperature more accurately.
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Fig. 1 1/8 cell s section
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¥ L1L30; 4+ [L3h1+ hlzlu] Gj1+

‘ [7] | [L1h3+ h12h3} Gj,3= (L3+ h3)(Li+ h1)0j ap
(0. 1%0. 03) %, (= 22,21, 23) (1)

” 2

L2L30j.4+ [L3hz+ hzTiw] Gj.2 +

’ [L2h3+ h27h3} Gj,3= ( Lo+ h2)( L3+ h3)O0j, ap
(ij=11,12,13) (2)

’ ’ L1L20; 4+ [L2h1+ hlén] Gj.1+

I8I’ [L1h2+ hlzhz} Gjo= (Li+ h1)( L2+ h2) 0y, ap

(ij= 33,31, 32) (3)
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12 DD3 1223K SRR99 1123K 1253 K
Orowan . SRR99 DD3
[9, 12] . Y Y
) ’ 2
F[é}]:mvwl: ae hk(1+ Be )\gk) (16)
2 __SRR99 ' DD3
g=12 ..,24 24 Table 2 _Material and geometry constants of SRR99
L k=1,23 3 v ,b  Bur and DD3
|9
st ’ > b SRR99 SRR99 DD3
, hi,h2 h,a B (1123K) (1253K) (1223K)
bl-nm 0.25 0.25 0. 25
24
. p 1 . G/ MPa 194 000 180 000 115568
& = ® g ® ] Y J 17
2 ;[m" ne #\ e Qmefer (17) €a/MPa 126400 120000 56922
-ng — -Yi’i}lling-'- -Y;Z(‘ar-'r Y;,];imh-',- -Ygzd( ( 18) C44/MP‘(1 98 350 93000 109390
h/nm 80 80 68
%[mg Ong + ng @mg] L/ nm 450 450 440
) 6 - 0.0015 - 0.0015 - 0.001
Schmid ' s
, (13), 3, a B
, Orowan , 0
) [9]. 10
]i)ﬂling Qhe‘)r li;auk’
¥
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p = & 19 Vlil]ing Vslltur
“T 2L (19) - ,
’ Eap) Y 9
Qk Qlk ’ ’ D? 67 @
Y L s q .
, , [001]
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2 q wmk ) 3 4

- 1
Agk = ? V channel Wk gkll’k ( 20)
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Table 3 Slip model parameters of SRR99 and DD3
SRR 99 SRR99 DD3
(1123K) (1253K) (1223K)
a 23 2/3 2/3
B/107° 2.2 2.2 2.2
e, 0.01 0.01 0.01
W™/ (nm/ s) 1.0x 10-4 3.59% 10-2 3.72% 107 2( ) 3.7 )
yliling (3) 55.8 63.2 60. 8
D/ (nm/s* MPa) 1.85x10-7( ) 1.8x10"5( ) 872x10°* 9. 11x10-2( ) 2 11x10°2( )
0 0 0 0
W=/ (nm/s) 8.31x 10-7 2.39x 10! 1.24% 10 %( ) 8.37( )
Ve (b 58.6 42.4 25.3
E*™/(J/m?) 0.0664 0.0711 0.0539( ) 0.0439( )
® - 400 - 400 - 400
(¢/J2 Li)! (eV) 0.0156 0.0312 0.0124
U*/ (nm/ s) 1.0x 1077 6.31x 1077 6:-31% 10!
Q/ (kJ/ mol) 432 432 432
R/ (J/mol* K) 8.314 8.314 8.314
K/ 10" 1.66 1.66 166
n 1.215 1.215 1.215
[11] . ,
22 Y Y/ ¥
, : 3] ,
SRR99 1253K DD3 1223K ’ >
) L(
[001]) 200 M Pa. 4 Mises ’
3 : ) )
108 300
250 | I R R R
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z b D e
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Fig.3 Dislocation density in horizontal and vertical

channel of SRR99 and DD3
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Fig.4 Mises stress changes in horizontal and vertical

channel of SRR99 and DD3
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