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� 1  DD6��� !�"#$%&' 

Table 1  Nominal composition and heat treatments of DD6 

alloy (ω/%)

[12,13]

 

C Cr Co Mo W Ta Re Nb Al Hf 

0.006 4.3 9.0 2.0 8.0 7.5 2.0 0.5 5.6 0.1 

Solution treatment: 1290 ?/1 h+1300 ?/2 h+1315 ?/4 h→AC 

Aging treatment: 1120 ?/4 h→AC+870 ?/32 h→AC 

 

 

 

 

 

 

 

 

� 1  <001>�8��019��� 

Fig.1  Schematic diagram of smooth specimens with longitudinal  

axis oriented in�001�direction (mm) 
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Fig.2  Stress amplitude vs cycles to failure curves of DD6 alloy 

at 1070 ? with different stress ratios 
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Fig.3  Mean stress vs cycles to failure curves of DD6 alloy at 

    1070 ? with different stress ratios 
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� 4  DD6-. 1070 ?3�ab� 

Fig.4  Fatigue diagram of constant life for DD6 alloy at 1070 ? 
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� 5  DD6-.'() R=-1301UVWX 

Fig.5  Fracture appearance of DD6 alloy when R=-1, σ
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� 6  DD6-.9�'() R=-1@AB¢£¤3 SEM¥¦ 

Fig.6  SEM image of the transverse fatigue specimen of DD6 

alloy at R=-1 
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� 7  DD6-.9�'() R = -1¢£¤3 EDSEN 

Fig.7  EDS spectrum of the transverse fatigue specimen of DD6 

alloy at R = -1 

 

 

 

 

 

 

 

 

 

 

� 8  DD6-.'() R=0.5301UVWX 

Fig.8  Fracture morphology of DD6 alloy when R=0.5, σ
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� 9  DD6-.'() R=0.8301UVWX 

Fig.9  Fracture appearance of DD6 alloy when R=0.8, σ
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� 10  DD6-.6ST'()@ABUz§¨-.UV_¤ 0.5 mm©¢£¤3 γ' ªWX 

Fig.10  γ' morphologies on longitudinal section at 0.5 mm away from the fracture surface of DD6 alloy: (a) R=-1, (b) R =-0.33, (c) R =0.1,  

(d) R=0.5, (e) R=0.8, and (f) R=1 
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Effect of Stress Ratio on High Cycle Fatigue Behavior of a Single Crystal Superalloy 

 

Xie Hongji, Li Jiarong, Han Mei 

(Science and Technology on Advanced High Temperature Structural Materials Laboratory,  

Beijing Institute of Aeronautical Materials, Beijing 100095, China) 

 

Abstract: A series of axial force controlled fatigue tests at 1070 °C were performed to elucidate the influence of stress ratio (–1/–0.33/0.1/0.5/0.8) 

on high cycle fatigue behavior of DD6 single crystal superalloy. Fracture morphology and microstructure of these samples were characterized by 

scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) in order to analyze the fracture micro-mechanism at different 

stress ratios. The results indicate that the high cycle fatigue life of DD6 alloy with different stress ratios decreases with the increase of stress 

amplitude and mean stress. When the stress amplitude is constant, the fatigue life of DD6 alloy decreases with the increase in stress ratio. The 

fatigue life of DD6 alloy increases with the increase in stress ratio when the mean stress is constant and the stress ratio is less than 0.5. However, 

when the mean stress increases to a certain extent, the stress ratio has no significant effect on the fatigue life of the alloy. Analysis on fracture 

surfaces of DD6 alloy at 1070 °C demonstrates that a quasi-cleavage mode is observed under the condition of low stress ratio, while a dimple 

mode is found at high stress ratio. The fatigue fracture mode under medium stress ratio has the mixing characteristics of the above mentioned 

modes. High temperature oxidation under low stress ratio is helpful to the initiation and propagation of cracks. 

Key words: single crystal superalloy; stress ratio; high cycle fatigue behavior; fracture model 
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