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ABSTRACT 

As one of the key rotating parts of the aero-engine, disc’s major function is to 

install blades and transmit power. In the working process of an aero-engine, as the 

load-bearing component, due to the high temperature and high rotational velocity, the 

disc endures complicated loadings by coupling of centrifugal forces, thermal stresses, 

vibratory stresses and aerodynamic forces. The failure modes of disc include low cycle 

fatigue failure, elastic-plastic deformation failure, serration fracture failure and 

corrosion cracking failure, etc. Among them, low cycle fatigue is the major failure mode 

for discs. Failure of a disc often affects the performance of the aero-engine, and then it 

will reduce the safety and reliability of aero-engine. Generally, the low cycle fatigue of 

a disc could cause uncontained damage of aero-engine, which will lead to catastrophic 

consequences. Therefore, it is of important theoretical significance and practical value 

to do a research on low cycle fatigue life prediction of disc. 

So far, for the research on low cycle fatigue life prediction of the aero-engine disc, 

the  corresponding  theoretical  system  has  been  established.  However,  comparing  with  

the advanced aviation countries, such as European and American, there are still many 

issues that need to be solved. In practical engineering, the processing of complex 

loading spectrum, the effects of mean stress and stress gradient will significantly affect 

the low cycle fatigue life of the disc. In view of these difficult problems, combine with 

the National Natural Science Foundation of China project “The research of structure 

fatigue reliability design and application based on failure physics” and the engineering 

project “The life prediction of the major parts of XX aero-engine” in this dissertation, 

by combining the Walker mean stress correction model, strain-life prediction model, and 

the fatigue cumulative damage theories, researches on fatigue life prediction of discs 

have been carried out, besides, various materials’ test data are used to verify the 

proposed methods. 

The main work and contributions of this dissertation can be summarized as 

follows: 

(1) Development of a modified low cycle fatigue life prediction model based on 

Walker mean stress correction criteria. 

During the operation of an aero-engine, the disc endures complicated loads, the 
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local area of the disc will produce larger stress and strain. According to the true 

geometries of a disc, a three-dimensional model is created. Then through the finite 

element  analysis,  the  static  stress  and  strain  distributions  of  the  critical  regions  of  the  

disc are obtained. The fatigue loads of the disc are time-varying loads, which need a 

processing of mean stress correction. In consideration of the fatigue life regions of disc, 

by combining the Walker mean stress correction criteria and C. E. Jaske’s fatigue life 

prediction model, a modified low cycle fatigue life prediction model is proposed which 

considers the mean stress effect.  

(2) Development of a practical method to determine the exponent of Walker mean 

stress correction criterion, and a modified low cycle fatigue life prediction model based 

on the Walker exponent and SWT parameter model. 

The loading parameters rotation speed and temperature of discs are asymmetrical, 

but the low cycle fatigue performance test data of turbine discs are obtained in the 

condition of symmetrical cyclic loading. Until now, the Walker criterion shows the best 

mean stress correction effect than others, and it can describe the sensitivity of mean 

stress of material. However the unavailable Walker exponent limits its application in 

engineering. Based on this, by analyzing the relationship between the Walker exponent 

and the fatigue properties of materials, a mathematical model is proposed to determine 

the  Walker  exponent.  The  Walker  exponent  can  be  used  to  represent  its  sensitivity  to  

mean stress effect of a material, by introducing the Walker exponent into the SWT 

parameter, a modified fatigue life prediction model is proposed which can be applied to 

different materials. 

(3) Development of a low cycle fatigue life prediction model of discs to account 

for the effect of stress gradient. 

Under variable amplitude loading conditions, there are serious stress concentration 

phenomena on the critical regions of the disc, which can lead to the local stress declines 

rapidly and produce high stress gradient. The fatigue life of the notch components is not 

only depends on the maximum stress and strain of the notch area,  but also has a close 

relationship with the non-uniform stress field around the peak point. Based on this, the 

stress  distributions  of  the  disc  critical  regions  are  obtained  by  using  finite  element  

method, then by analyzing the effect of stress gradient to fatigue life, a stress gradient 

factor is proposed, and the stress gradient factor is introduced into low cycle fatigue life 

prediction of discs. 
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(4) Development of a nonlinear fatigue damage accumulation model to account for 

the effect of load interaction on fatigue life of disc. 

The loading spectrum of the disc is irregular under working condition, under 

variable amplitude loading conditions, the load interaction effect has a significantly 

influence on the fatigue crack growth of disc,  and then it  will  affect  the fatigue life of 

disc. The fatigue crack length of disc depends not only on the current stress level, but 

also relates to the before stress level. In order to overcome the drawback of the 

traditional nonlinear fatigue damage accumulation models, by analyzing the effects of 

different stress levels on the number of damage nuclei, and taking the maximum loading 

stress as a reference point, a modified nonlinear fatigue damage accumulation model 

which takes the load interaction effect into consideration is proposed by introducing a 

load interaction parameter into a original model. 
 

Keywords: disc, low cycle fatigue, mean stress, stress gradient, load interaction effect 
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2-15 GH4133 T=250 R=-1  

a max (MPa) eq Nt Nf 

0.00317 662 0.0046 18997 18366 

0.00421 826 0.0060 7950 6578 

0.00418 836 0.0060 6250 6578 

0.00424 801 0.0059 4992 6976 

0.00485 903 0.0067 5862 4390 

0.00482 896 0.0067 4669 4390 

0.00484 894 0.0067 5077 4390 

0.00482 898 0.0067 5431 4390 

0.00481 872 0.0066 5418 4653 

0.00544 951 0.0073 3337 3039 

0.00540 917 0.0072 3599 3241 

0.00543 951 0.0073 3953 3039 

0.00538 930 0.0072 4799 3241 

10
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3

10
4

Nt

N
f

 

 
Nf vs. Nt

Nf=Nt

1.5
1.5

 

2-13 GH4133 T=250 R=-1  
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2-16 GH4133 T=400 R=0  

a max (MPa) eq Nt Nf 

0.006 896 0.0077 1871 2300 

0.005 802 0.0066 4244 4653 

0.005 830 0.0067 4293 4390 

0.004 780 0.0058 7533 7404 

0.004 757 0.0057 6703 7867 

0.0035 704 0.0051 11457 11790 

0.0035 735 0.0052 10734 10945 

0.003 714 0.0047 18465 16625 

0.003 686 0.0046 19411 18366 

0.0025 651 0.0041 26570 31125 

0.0025 659 0.0041 29960 31125 
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Nt

N
f

 

 
Nf vs. Nt

Nf=Nt

1.5
1.5

 

2-14 GH4133 T=400 R=0  

2-14 2-16 2-12 2-14
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GH4133 T R

1.5

 

2.5  

2.2.5

Walker

2-17 (2-7) 800h  

2-17 800h  

  

- -  - -  - -  

(rpm) 9520-18050-9520 16936-18050-16936 0-18050-0 

max(MPa) 976.52 976.52 976.52 

max 0.0048669 0.0048669 0.0048669 

min 0.0011778 0.0041571 0 

a 0.001845 0.000355 0.002433 

E(GPa) 194 194 194 

 0.55 0.55 0.55 

ni 2006 24326 1306 

Nfi 28812 147520 13856 

Di=ni/Nfi 0.070 0.165 0.094 

 

2-17 Miner [71] 800h

 

1

0.070 0.165 0.094 0.329
n

i

i fi

nD
N

             (2-9)  

 

1800 2431.6ht
D

                     (2-10)  
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2.6  

Walker

GH4133
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 -  

3.1  

[57, 60, 63, 72-74]

[75-77]

 

[78]

[79] [78]  

Walker Walker

Walker

SWT

 

3.2  
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[80] 3-1  

a

0m

fN

0m

0m

 

3-1  

[81]

a m R [82-83]

3-2  

a

m

max

min

 

3-2  

 

max min

2a                          (3-1)  

max min

2m                          (3-2)  

max min                          (3-3)  

min

max

R                             (3-4)  
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Goodman Morrow SWT Walker  

1 Goodman  

Goodman
[71]  

1a m

ar u

                         (3-5)  

ar u  

2 Morrow  

Morrow Goodman
f u

[57]  

1a m

ar f

                         (3-6)  

3 SWT  

Smith Watson Topper
[60]  

maxar a                         (3-7)  

4 Walker  

Walker
[63, 67]  

1
maxar a                          (3-8)  

Goodman
[84]

f Morrow
[84] SWT

[81, 85] Walker

[67, 86] SWT Walker
SWT Walker 0.5 Walker

SWT SWT
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SWT Walker

 

3.3 Walker  

3.3.1  

Walker

Walker

 
[63, 67]

Dowling [67]

u

3-1 16

 

3-1  

1 0-1 0.4-0.8

 
2 b u f

 
3 b u b

u 0.5  

b u

Walker  

0.5 u b

u b

                         (3-9)  

(3-9) + -

0.5

0.5

b u  
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3-1  

 b (MPa) u (MPa) f (MPa)  (%)   

SAE 1015 St[87] 228 415 726 67.9 0.7352 

GSMnNi63 St[88] 312 501 846 26 0.8113 

Ck45 St[88] 531 790 1271 60 0.6949 

SAE 4130 St, Norm[89] 647 799 1144 15.2 0.6903 

CC 450 SS, H1150[90] 678 1015 1360 23.2 0.6253 

SAE 4130 St, Hard[89] 1200 1241 1586 8.3 0.5457 

CC 450 SS, H900[90] 1354 1405 1750 15.3 0.4758 

PH13-8Mo SS, H1000[91] 1358 1413 1758 - 0.5969 

300M St[91] 1634 1958 2303 - 0.4157 

SAE 1045 St,705HB[92] 1827 2082 2131 2 0.4839 

SAE 1045 St, 55HRC[75, 93] 1731 2165 2690 38 0.4286 

6061-T6 Al[91] 276 310 420 - 0.6330 

Al Mg4.5Mn, Cld Rl[88] 298 363 476 13 0.6681 

2014-T6 Al[94] 438 494 581 13.6 0.4803 

7075-T6 Al[94] 489 567 729 16.5 0.4150 

Ti-6Al-4V[88] 1006 1034 1271 14.5 0.5431 

3.3.2  

3.3.1 3-1

b u (3-9)

3-2 3-3  

3-2 3-3 (3-9) 16

1.2

b u

(3-9)  
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3-2  

 b (MPa) u (MPa)  1  2 

SAE 1015 St 228 415 0.7352 0.7908 

GSMnNi63 St 312 501 0.8113 0.7325 

Ck45 St 531 790 0.6949 0.6961 

SAE 4130 St, Norm 647 799 0.6903 0.6051 

CC 450 SS,H1150 678 1015 0.6253 0.6991 

SAE 4130 St, Hard 1200 1241 0.5457 0.5168 

CC 450 SS, H900 1354 1405 0.4758 0.4815 

PH13-8Mo SS, H1000 1358 1413 0.5969 0.5198 

300M St 1634 1958 0.4157 0.4098 

SAE 1045 St,705HB 1827 2082 0.4839 0.4348 

SAE 1045 St, 55HRC 1731 2165 0.4286 0.3886 

6061-T6 Al 276 310 0.6330 0.5580 

Al Mg4.5Mn, Cld Rl 298 363 0.6681 0.5983 

2014-T6 Al 438 494 0.4803 0.4400 

7075-T6 Al 489 567 0.4150 0.4261 

Ti-6Al-4V 1006 1034 0.5431 0.5137 

10
-110

-1

1

2

 

 

1 vs. 2

1 2

1.2
1.2

 

3-3  
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3.4 SWT  

3.4.1  

3.2

-

Basquin 1910

e fN [56]  

'

2
bfa

e fN
E E

                      (3-10)  

Basquin  

1  

2  
Coffin Manson p fN

[95]  

' 2
c

p f fN                         (3-11)  

Basquin (3-11) Coffin Manson

-  
'

'2 2
b cf

a e p f f fN N
E

              (3-12)  

3-4 (3-10) (3-11) (3-12) A

- - A

A
[13]  

(3-12)

(3-12)

Morrow Morrow (3-12)
[57]  

'
'(2 ) (2 )f m b c

a fN N
E

                 (3-13)  
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lg a

'lg f E

'lg f

 

3-4 -  
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f f Morrow
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f

f Morrow

Smith Watson Topper
[60]  

' 2
2 ' '

max
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2 2

b b cf
a f f f fN N

E
           (3-14)  

SWT

max a max a

[96]  

(3-7) (3-14) SWT SWT

SWT

0.5 (3-14)
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0.5

0.5 max

Walker

SWT

 
' 2

2 ' '
max

( )
2 2 2

b b cf
a f f f fN N

E
            (3-15)  

3.3  

0.5 u b

u b

                         (3-16)  

(3-15) (3-16)  
' 2

2 ' '
max

( )
2 (0.5 ) 2 2

b b cfu b
a f f f f

u b

N N
E

     (3-17)  

(3-15) 0.5 SWT

SWT

b u

 

3.5  

SWT

GH4133[35, 61] Al 7075-T651[97] [75] 1Cr11Ni2W2MoV[35]

SWT

SWT 3-3 GH4133 Al 

7075-T651 1Cr11Ni2W2MoV 3-4

3-7 3-5 3-8 SWT

SWT
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3-3 GH4133 7075-T651 1Cr11Ni2W2MoV  

 GH4133 7075-T651  1Cr11Ni2W2MoV 

b (MPa) 878 501 1731 979 

u (MPa) 1221 561 2165 1131 

E (GPa) 220 71.7 205 180 
'
f (MPa) 1796 1576 3372 1651 

 b -0.09 -0.1609 -0.103 -0.09 
'
f  0.2527 0.1575 0.038 0.278 

c -0.56 -0.6842 -0.47 -0.56 

 0.663 0.4435 0.61 0.43 

3-4 GH4133  

max(MPa) m(MPa) a  Nt SWT Nf1 SWT Nf2 

863 431.5 0.006 1534 2192 1038 

864.9 54.8 0.004440 2879 5356 2298 

863.4 71.2 0.004365 3720 5688 2424 

886.5 85.75 0.004330 2508 5363 2301 

734 367 0.004 7778 13337 5128 

757 378.5 0.004 6703 11938 4653 

743 371.5 0.004 4707 12763 4934 

740 370 0.004 6249 12951 4997 

761 380.5 0.004 6641 11716 4577 

693 346.5 0.0035 12619 27475 9658 

704 352 0.0035 11457 25822 9147 

735 367.5 0.0035 10734 21841 7899 

777.4 100.6 0.003440 8461 18837 6939 

743.5 74.2 0.003395 12141 23501 8422 

659 329.5 0.003 20852 63994 20318 

701 350.5 0.003 19717 49178 16106 

686 343 0.003 19411 53886 17457 

714 357 0.003 18465 45533 15050 

644 322 0.003 23660 70713 22193 

672 336 0.0025 44070 132140 38708 

647 323.5 0.0025 45090 157420 45285 
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Nf1 vs. Nt

Nf2 vs. Nt

Nf=Nt

1.5
1.5

 

3-5 GH4133  

3-5 7075-T651  

max(MPa) m(MPa) a  Nt SWT Nf1 SWT Nf2 

506.2 152.5 0.0050 2862 2212 3082 

506 221.3 0.0041 6144 3847 5409 

536.3 268.2 0.004 5275 3500 4915 

440 159.9 0.004 12288 6147 8697 

440.1 220.0 0.0032 17885 11754 16744 

401 200.5 0.0029 34956 20711 29638 

355.3 177.7 0.0025 54680 46483 66832 

293.2 146.6 0.0021 209237 141670 204530 

507.8 432.1 0.0011 245801 190890 275800 
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Nf1 vs. Nt

Nf2 vs. Nt

Nf=Nt

1.5
1.5

 

3-6 7075-T651  

3-6  

max(MPa) m(MPa) a  Nt SWT Nf1 SWT Nf2 

1659 1171 0.0025 58040 162860 64674 

1704 1123 0.003 14670 61695 24897 

1322 645 0.0035 28090 97820 39152 

1904 1165 0.004 5640 10204 4304 

1519 703 0.004 19030 28017 11498 

719 -337 0.005 40230 318650 125460 

1058 0 0.005 23133 52709 21336 

986 0 0.005 15492 72923 29337 

1653 664 0.005 4070 7132 3044 

1907 942 0.005 2240 3856 1682 

970 -308 0.006 23860 34065 13917 

1226 0 0.007 1727 6057 2599 
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Nf1 vs. Nt

Nf2 vs. Nt

Nf=Nt

1.5
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3-7  

3-7 1Cr11Ni2W2MoV  

max(MPa) m(MPa) a  Nt SWT Nf1 SWT Nf2 

997 0 0.01186 395 310 434 

1296 0 0.01212 241 180 239 

1272 0 0.01186 307 190 260 

893 0 0.00803 1418 990 1463 

988 0 0.00798 1470 783 1142 

987 0 0.00649 2039 1323 1988 

955 0 0.00550 5472 2273 3536 

873 0 0.00549 4311 2963 4693 

919 0 0.00550 4701 2537 3976 

817 0 0.00452 13062 6696 11247 

839 0 0.00451 11720 6179 10317 

699 0 0.00350 55378 30217 56537 

722 0 0.00351 53326 26257 48665 

695 0 0.00350 53293 30923 57947 
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Nf1 vs. Nt
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3-8 1Cr11Ni2W2MoV  

3-4 3-7 3-5 3-8 SWT Al 7075-T651

1Cr11Ni2W2MoV 1.5

GH4133 1.5

SWT

0.5 GH4133 Al 7075-T651

1Cr11Ni2W2MoV Al 7075-T651 1Cr11Ni2W2MoV
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3.6  

Walker
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Nf1 vs. Nt
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3-9 GH4133  

3-9
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1.5 1.5
1.5 t fN N t fN N

1.5 t fN N

 

3.7  

SWT

3-2 3-8

 

3-8 800h  

  

- -  - -  - -  

(rpm) 9520-18050-9520 16936-18050-16936 0-18050-0 

max(MPa) 976.52 976.52 976.52 

max 0.0048669 0.0048669 0.0048669 

min 0.0011778 0.0041571 0 

a 0.001845 0.000355 0.002433 

E(GPa) 194 194 194 

 0.663 0.663 0.663 

ni 2006 24326 1306 

Nfi 46437  15137 

Di=ni/Nfi 0.043 0 0.086 

3-8 Miner [71] 800h

 

1

0.043 0.086 0.129
n

i

i fi

nD
N

             (3-18)  

 



 -  

 51 

1800 6202ht
D

                      (3-19)  
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1Cr11Ni2W2MoV
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4.1  

[98-99]

[100-109]

[13, 98]

 

[13, 98, 100, 101, 110]

 

[99-100, 110-114]

 

4.2  



  

 53 

[115-117] 4-1

x k
 

max

x

k

 

4-1  

[38, 100-103, 118-119]

4-2
[100-101]  

 

4-2  
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[114, 120-122]

[112, 123]  

4.2.1  
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1 1 d
efx
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x x
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x x x
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4.2.2  

- -
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ij

 

4-3  
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4.3.1  
[106, 124]

tK fK

tK fK [105]  
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max

1t x

f x x x
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max 0x x x

4-1[13, 105, 125]  
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tK
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4-5 7.5mm 3.53MPa  

 

4-6 7.5mm 88.3MPa  
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4-7 7.5mm 353.4MPa  

 

4-8 7.5mm 1413.4MPa  



 

60 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0.4

0.5

0.6

0.7

0.8

0.9

1

x/

/
m

ax

 

 

max=3.53MPa

max=88.3MPa

max=353.4MPa

max=1413.4MPa

 

4-9 7.5mm  

 

4-10 4mm 398.48MPa  



  

 61 

 

4-11 7.5mm 398.48MPa  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.4

0.5

0.6

0.7

0.8

0.9

1

x/

/
m

ax

 

 
=4.0mm
=7.5mm

 

4-12 4mm 7.5mm  

4-9



 

62 

4-12
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4.4  

V GH4133 6mm V

90° 0.15mm [35, 61] 4-13

4-14 V

V 1 0.642S  
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Nf1 vs. Nt
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4-15 GH4133 T=250 R=0.44  



  

 65 

10
3

10
410

3

10
4

Nt

N
f

 

 
Nf1 vs. Nt
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4-16 GH4133 T=400 R=0  
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0.6631 2 0.866 3 0.854  

4.5.2  

2-7 2-9 3-3 4-2

4-4  

4-2 800h  

 
 

- -  - -  - -  

(rpm) 9520-18050-9520 16936-18050-16936 0-18050-0 

max(MPa) 976.52 976.52 976.52 

a 0.001845 0.000355 0.002433 

E(GPa) 194 194 194 

ni 2006 24326 1306 

Nfi 70041  22831 

Di=ni/Nfi 0.029 0 0.057 

1

n

i fi
i

D n N  0.086 

4-3 800h  

 
 

- -  - -  - -  

(rpm) 9520-18050-9520 16936-18050-16936 0-18050-0 

max(MPa) 932.14 932.14 932.14 

a 0.001660 0.000266 0.002294 

E(GPa) 194 194 194 

ni 2006 24326 1306 

Nfi 105185  26357 

Di=ni/Nfi 0.019 0 0.050 

1

n

i fi
i

D n N  0.069 
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4-4 800h  

 
 

- -  - -  - -  

(rpm) 9520-18050-9520 16936-18050-16936 0-18050-0 

max(MPa) 599.28 599.28 599.28 

a 0.001069 0.000187 0.001474 

E(GPa) 194 194 194 

ni 2006 24326 1306 

Nfi 9340515  1690867 

Di=ni/Nfi 0.0002 0 0.0008 

1

n

i fi
i

D n N  0.001 
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5.3  

[136]  

1 [137]  

2  

3  

4 [37] [138]  

5  

6  

 

5.3.1  

S. M. Marco W. L. 

Starkey [139]  
a

i iD n N                           (5-3)  

a 1 a
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