$ a8k H 12 wEEREMREIRE Vol.48, No.12
2019 4 12 A RARE METAL MATERIALS AND ENGINEERING December 2019
AT (IR Esh ViR & B B & o) F 4% T HF a7

Ramor !, WMIEE, I R BAEWE, Hrpig?
(1. PN @HBIECRE, BRSP4 710055)
(2. AT REE, BEVE Pi2E 710072)

W OE: X 3MARFEN Y DD6 HHE B 5 & ST T 980 C TR M AR IR, 4 AR WAL B i LA S0 AR R
HUBRR AL B SAL I B0 A S R SO i, FAS TR 3 532 3l 3 1 i) o SR I 5t P B (TEM) iR AZ 41 301[001] < [111]
AULOTT] 3 Al HR I FA B0 i < B0 A7 B TR S EAT WL, e BLIL 0 0045 & )\l AT B R T30 NI ROTsh S PR &
) B I 3 FEAEAE o BE 0 RO %, &= T AV B 7 57 T 5 8 Orowan 5 57 5 BHLRSH 80 RV F1) 0% A8 AR ) 458 284 5 ik
RRHAGEEAL, IR IS B IR AR I 2 A TR B S Y A R TR A SR B DR IR AR IR 11 T SRR

EUAIE, R T BRI AR 1 45 ) e MR I 2247
KA MEPREEE S, S, AN,
REESES: TG146.175 XEkFRIRAD: A

Hh PRI
XEHS: 1002-185X(2019)12-3930-09

B S G e sl N R UL R G AR L 955 B
KAUEAEE Ty e RE, B N TR R B AL A
i T e A U A T 37 o B PR R 1) S v
A FLAE il N VR TR 2R B HE 22 00 0 2 1 RE 1 % 1)
PE, vl R G AR PR BE L W R B 5 N N 3 Uy
W ARG, fEIRAR R RE v, R N Sk SR AR
JUST o BRI T 5 S8 4 5% Wi S et R e R Bl 45 R AR
G BEDS, Sk, EE RS Rl DR 3 K A R
i A A ALY Y L5 iy UL ASE Y 2 R R

Betten 25UV i T (K005 AR AR Y (1) A #) 5 FR KA
Sy I8 ) R (R RE R B &, = Aot o e FE A )
%, Kachanov FI Rabotnov!' " #& H 1 % & 101 [] P 44
BHGEAZ S 3 BrBr) K-R B SR, B 5L A kL R
A& 0] R BRI, A T, AR R I AR TR
A FH MOV R SE 3 i B T 0 B 3 i U, R TR
THIEB & AMHE, Bk TIFSMESE R B,
TE TR R R IR 55 A0 A AL) A5 28 5 74 i 0 ASE Y o Y 224 2%
i L ) AR 28 5 OM RUBE b T 3l B AN [R] g 7% R v
TE RS T BT ) N AR R R R . Gunturi 2% CMSX-4
1 SRR99 S5 4 BLREAT T 950 C 4 A T AN [) B [ (1) s A%
I, WA [001TH ) (14 5 A% a4 v F 2y 1) 4 )\ T A
<101>{111 ¥ &, [111715A A0 1115 A T3 1) &+
TUHAR<VI2>{ITT B R o BRI S5O0 S AN [

i HEA: 2018-12-20

R ABATR011] [112)R1 22118 ) 347 7 iR AR iR 06 5
AR ITBAL, A\ AR 5 5N AR [ IS ) 0 A F A5
AU RS T 4 VU PG AR S 5 25 2L, 1 JFAE Gunturi
WA N A S - i AR 88 R L F 8l A .
AHIE T IA R[] IS () 1 i s A A7 A 5 0 100
SEWHUAR, TN O A B R S AR Y . R
(R FRJIBC 2%, At 7 B S A ARk ) AR A A B 5 i A A 2

ol

1 % I

ARSI R F AR Ry [ 72 28 2 ARER L L i A 4
DD6, ZidhruERAEFE (1315 ‘C/6 h/AC +1130 C/
4 h/AC + 870 ‘C/32 WAC), HFETL2WH WNE 1,
KHTHLAG 22 B S 1Y) DD6 J 4h 5 dt A RE00 1) it THT 1
LTS 1 s, Lo HeREORR i A, ki
%4 0.3~0.6 um, = ELK 4 A NizAlL H s FHF1 A fee
AL B, G ST AR ECN 67%, A
5y, HEF ST

e AR R i 4 980 °C, IRER AR T N
WEE, JSHnE 2, Wi TEM S 34 9 T 7 AL

*1 DD6REFRFEESEUFENS
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Cr Co W Al Ta Re Mo Ni
3.8 8.5 7.0 5.2 6.0 1.6 1.5 Bal.

EE&ME: ERAREIEIES (51875461, 51875462); [iid AAREFFIERWIFT I RI-E I H (2018JZ5002); Bkvb44QlFr e ) s 1t

¥ (2018KIXX-007)

TEHB RN 3K, 55, 1987 4528, Wi+, Ve MRHE RS, B PH2¢ 710055, HLii: 029-88431002, E-mail: chengjiangzhang 21@163.com



512 W]

FRMITAS 2T A 3 0 B 1t 7% 1) Sl A2 55 i T

© 3931 -

Kl 1 DD6 a4k P AR 45 4

Fig.1 Two-phase structure of DD6 original material
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Fig.2 Dimension (a) and physical drawing (b) of “I” type sample
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Fig.3 Fracture morphologies of samples of [001] orientation (a), [011] orientation (b), and [111] orientation (c)
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Fig.4 Dislocation distribution of sample of [001] orientation after creep under 980 ‘C/250 MPa for 20 h: (a) macro dislocation
distribution and operation vector, (b) local dislocation direction, (c) [001] orientation space layout, and (d) schematic of [001]

orientation dislocation
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Fig.5 Dislocation distribution of sample of [111] orientation after creep under 980 ‘C/250 MPa for 20 h: (a) macro dislocation distribution

and operation vector, (b) local dislocation direction, (¢) [111] orientation space layout, and (d) schematic of [111] orientation dislocation
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Fig.6 Dislocation distribution of sample of [011] orientation after creep under 980 ‘C/250 MPa for 20 h: (a) macro dislocation distribution

and operation vector, (b) local dislocation direction, (¢) [011] orientation space layout, and (d) schematic of [011] orientation dislocation
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Table 2 Elastic parameters of DD6 nickel based single crystal
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Orientation Elastic PoissF)n’s Shear
modulus/GPa ratio modulus/GPa
[001] 80.5 0.39 91
[011] 217.5 0.39 245
[111] 145 0.39 165
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Table 3 Creep parameters of DD6 nickel based single crystal
superalloy at 980 °C

Orientation  Slip system A n o xy ¢ w/MPa
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DD6 superalloy at 980 C
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Fig.10 Morphologies of cleavage plane for creep fracture in [001] orientation (a), [011] orientation (b), and [111] orientation (c)
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Fig.11 Octahedral slip system: (a) cleavage plane, (b) the hole extends along (001) lattice plane, and (c) the hole extends

along (011) lattice plane
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Anisotropic Creep Life Prediction of Nickel-based Single
Crystal Based on Dislocation Movement

Zhang Chengjiang', Hu Weibing', Wang Jiapo®, Tong Wenwei’, Wen Zhixun®, Yue Zhufeng’
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The creep tests of three different orientations of the single crystal superalloy DD6 were carried out at 980 °C. The results
indicate that the creep failure mechanism of superalloy is the initiation of micropores and the propagation of microcracks, which is caused
by dislocation motion. The dislocation morphology of monocrystals in [001], [111] and [011] orientation at the initial stage of creep was
analyzed by transmission electron microscopy (TEM), matching the characteristics of the octahedral sliding system activated, the
hexahedral sliding system activated and the simultaneous motion of the two sliding systems, respectively. Based on the crystal plasticity
theory, the creep constitutive model and creep damage model under variational stress conditions considering Orowan effect and dislocation
blocking effect were established; meanwhile, the model parameters were fitted according to the creep curve obtained from the test.
Moreover, the finite element simulation results of the model and creep fracture morphology of monocrystalline materials confirm each
other and explain the anisotropic behavior of monocrystalline creep.

Key words: nickel based single crystal superalloy; dislocation movement; creep fracture; crystal plasticity
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