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Experiment on thermomechanical fatigue in

nickel based single crystal superalloy DD6

JING Fulei*, JIANG Kanghe’, ZHANG Bin?,
HU Dianyin®, WANG Rongqiao®
(1. "Aero Engine Academy of China,
Aero Engine Corporation of China, Beijing 101304, China;
2. Hunan Aviation Powerplant Research Institute,
Aero Engine Corporation of China, Zhuzhou Hunan 412000, China;
3. School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: According to the service loads experienced by air cooled single crystal turbine
blades, thermomechanical fatigue (TMF) experiments were designed and conducted on thin-
walled tube specimens made of nickel based single crystal superalloy DD6. The results indi-
cated that the deformation response of DD6 exhibited remarkable ratcheting effect, which
was closely related to the phase angle and mechanical loading; and the lifetime of in phase
(IP) TMF under all experiment conditions were shorter than that of out of phase (OP)
TMF. Either introducing dwell time at peak temperature or increasing mechanical load led to
more ratcheting strains and fewer failure cycles. Based on the metallographic examination on

fracture surface and longitudinal section of specimens, the critical life-limiting factors under

W #E HE :2017-10-23
EETH : WEHRR2I4 (51375031) ; fii2s BH2E 54 (2015ZBN3004)
TEE R W& (1984 —) , B B TARIW , 18 L, 3T TR0 25 & B WL St 3 1 9 5% 75 A AT 5%

SRR IR T TR R, gkt , A5 BREE IR IR A 4 DD6 LA 95 8 L], A3 8 ) 4 4, 2018, 33(12) : 2965-2971. JING
Fulei,JJANG Kanghe,ZHANG Bin, et al. Experiment on thermomechanical fatigue in nickel based single crystal superal-

loy DD6[]J]. Journal of Aerospace Power,2018,33(12):2965-2971.



2966 i o= 3

AN S ¢ EHRRE

different load conditions were identified. Creepage and fatigue dominate in the competing

damage mechanisms for IP TMF, while oxidation and fatigue dominate for OP TMF.
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single crystal superalloy; thermomechanical fatigue; in phase;

out of phase; ratcheting effect; damage
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Table 1 Chemical composition mass fraction of DD6

%

Al Ta w Co Re Hf Cr Mo Ni
5.2~6.2 6.0~8.5 7.0~9.0 8.5~9.5 1.6~2.4 0.05~0.15 3.8~4.8 1.5~2.5 H4
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Table 2 TMF experiment arrangement

Fe g RR Wm0 R R s o i R I 8] /s LR/ °C N F1 38l / MPa

1 1P 4.0 1/100 0 500~980 +300
2 1P 5.0 1/100 0 500~980 +400
3 1P 3.4 1/100 0 500~980 +500
4 1P 5.2 1/(100-+30) 30 500~980 +300
5 1P 6.1 1/(100+60) 60 500~980 +400
6 OP 2.1 1/100 0 500~980 +400
7 OP 842 1/100 0 500~980 +500
T e T s o o, e e e e e =

P 7

e LRk
T
it

3 TMF KR4
Fig. 3 TMEF experimental rig
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