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Δσnom

Δσ

Δσk,max

maxσnom

ν

σC

π

ρ

ρ∗

ρm

ρf

ρr

σY

σa

σa

σc

σl

σm

σm

σu

σk,max



σk

σs

θ

D

E

i

Kw

KIC

m

N

Ni Δσi

ni Δσi i

R

r1.0 r = 1mm

rref

s

T

t

w







σY = 960MPa

Δσnom > 1.5σY maxσnom > σY

σl σu T

σm

σa



R

R =
σl

σu

N σa σm



R = 0 σm = 0

σa Δσ

0 σc

σc σc

N = 107 N = 108

102 105



5 · 104

N =
C

Δσm





m = 3 N = 107

N = 107

N = 107 m = 22

m = 5 N = 108



σC maxΔσ

107



107 m2 = 2m1−1,

D =

i∑
i=1

ni

Ni

≤ 0.5...1.0

D i

ni Δσi i Ni

Δσi

D = 1 D = 0.5









±60◦



0.4t t







σS = 1.67σ0.4t − 0.67σ1.0t 0.4t

σS = 2.52σ0.4t − 2.24σ0.9t +

0.72σ1.4t

0.4t

σS = 1.50σ0.5t − 0.50σ1.5t

σS = 3σ4mm − 3σ8mm + σ12mm

4mm

σS = 1.5σ5mm − 0.5σ15mm

10





ρ∗

ρ∗

s

ρr = 1

ρf = ρ+ sρ∗,

ρf ρ

ρ∗

σY KIC



σC

ρ∗ =
2

π

(
KIC

σC

)2

ρ = 0

ρ∗ = 0.4

s = 2.5

ρf = 1

rref r1.0



t < 5

rref = 0.05

rref = 0.05



rref = 1 = 0.05

±45◦







θ r



θ = 45◦

rref = 1mm

0.25mm

θ = 45◦



r = 1mm r = 0.05mm

45◦ 360◦

≤ r/4 ≤ 0.25mm ≤ 0.012mm ≥ 3 ≥ 24 ≈ 2

≤ r/6 ≤ 0.15mm ≤ 0.008mm ≥ 5 ≥ 40 ≈ 10



Kw





Ps = 97.7 , N = 2x106 Ps = 97.7 , N = 2x106

rref = 1mm rref = 0.05mm

rref = 1mm rref = 0.05mm

Kw

σk σs

Kw =
σk

σs



Kw Kw = 1.6

Kw

rref = 1mm





FA[N ] FM [N ] R Fmin[N ] Fmax[N ] n[−]

1 200 1 300 0.040 100 2 500 4

1 050 1 150 0.045 100 2 200 5

850 950 0.056 100 1 800 1





n[−] Fmax[N ] N [−]

1 1 800

2 2 200 300 000

3 2 200 150 000

4 2 200 130 000

5 2 200 163 000

6 2 200 105 000

7 2 500 77 000

8 2 500 75 000

9 2 500 42 000

10 2 500 62 000

N = 300000



90◦

180◦

A,B,C

rref = 1mm







F = 2500N

F = 2200N

ANSY S 16.0

1mm

0.5mm





0.5mm

0.15mm

≤ 0.25mm





636 758 144 513

537 424 259 929

1 139 889 317 245

877 210 247 355

809 943 185 321

519 339 251 144

1 108 029 305 906

1 145 388 317 341

583 904 132 864

539 963 261 379

1 060 813 316 090

1 137 550 296 967

σk,max = 1140.3MPa



F = 2500N

97.7

50.0

logN = 0.250



F = 2500N

F = 2500N



F = 2500N

104 105 106 107 108 109

N

102

103

Δ
σ
k
[M

P
a
]

FAT 225

SP 97.7

SP 50.0

FN = 2200N

FN = 2500N

97.7 50.0

F = 2200N F = 2500N



n[−] Fmax[N ] N [−] N [−]

1 1 800

2 2 200 300 000∗

137 000

3 2 200 150 000

4 2 200 130 000

5 2 200 163 000

6 2 200 105 000

7 2 500 77 000

64 000
8 2 500 75 000

9 2 500 42 000

10 2 500 62 000

∗

F = 2500N



97
.7

50
.0

F
[N

]
N

e
x
p
,a
[−

]
[−

]
σ
G
k
,m

a
x
[M

P
a
]

[−
]

σ
S
k
,m

a
x
[M

P
a
]

Δ
σ
S
k
,m

a
x
[M

P
a
]

N
9
7
.7
[−

]
N

5
0
.0
[−

]
Δ

5
0
.0
[

]

2
2
00

13
7
00
0

A
8
8
9
.9

1
02
5.
1

97
8
.5

24
31
6

76
69
0

−
44
.0

1
00
7.
8

96
2
.0

25
59
0

80
70
7

−
41
.1

1
00
3.
5

95
7
.9

25
92
0

81
74
9

−
40
.3

B
1
0
09

.6

1
12
3.
9

1
07
2
.8

18
45
0

58
19
1

−
57
.5

(1
0
6
6.
9
)

(1
0
1
8
.4
)

(2
1
5
6
8
)

(6
8
0
2
4
)

(−
50
.3

1
10
4.
3

1
05
4
.1

19
45
0

61
34
4

−
55
.2

(9
5
4
.9
)

(1
0
2
6.
1
)

(9
7
9
.5
)

(2
4
2
4
5
)

(7
6
4
6
6
)

(−
44
.2
)

1
00
3.
5

1
06
3
.5

18
94
2

59
74
0

−
56
.4

(1
0
5
7.
1
)

(1
0
0
9
.1
)

(2
2
1
7
4
)

(6
9
9
3
4
)

(−
49
.0
)

C
93
3
.2

98
1.
9

93
7
.2

27
67
2

87
27
4

−
36
.3
6

1
00
3.
8

95
8
.2

25
89
7

81
67
6

−
40
.4

98
4.
25

93
9
.5

27
47
1

86
64
0

−
36
.8

2
5
00

64
00
0

A
1
0
11

.3
1
16
4.
9

1
11
8
.3

16
28
9

51
37
4

−
19
.7

1
14
5.
3

1
09
9
.5

17
14
0

54
05
7

−
15
.5

1
14
0.
3

1
09
4
.7

17
36
6

54
77
2

−
14
.4

B
1
1
47

.2

1
27
7.
2

1
22
6
.1

12
35
9

38
97
9

−
39
.1

(1
2
1
2.
2
)

(1
1
6
3
.7
)

(1
4
4
5
6
)

(4
5,
59
2)

(−
28
.8
)

1
25
4.
9

1
20
4
.7

13
03
0

41
09
5

−
35
.8

(1
0
8
5
.2
)

(1
1
6
6.
0
)

(1
1
1
9
.4
)

(1
6
2
4
3
)

(5
1
2
2
9
)

(−
20
.0
)

1
26
6.
1

1
21
5
.5

12
68
7

40
01
4

−
37
.5

(1
2
0
2.
5
)

(1
1
5
4
.4
)

(1
4
8
0
8
)

(4
6
7
0
4
)

(−
27
.0
)

C
1
0
60

.5
1
11
5.
6

1
07
1
.0

18
54
5

58
49
1

−
8.
6

1
14
0.
4

1
09
4
.8

17
36
2

54
75
7

−
14
.4

1
11
4.
3

1
06
9
.7

18
,6
10

58
69
6

−
8.
3



σK,max



A B C

geometry
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σ
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tetra,2500

hex dom,2500

hexa,2500

tetra,2200

hex dom,2200

hexa,2200



0 2 4 6 8 10 12

x[mm]

400

600

800

1000

1200

σ
k
[M

P
a
]

geomA
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50

−40.3

−14.4 2 200N 2 500N

45◦

50



50.0

F [N ] [−] σS [MPa] N [−] Δ225[ ] Δexp[ ]

2 200

A 429.1 58 214 −28, 8 −57, 5

B 462.7 46 430 −33, 6 −66, 1

C 440.1 53 930 −37, 8 −60, 6

2 500

A 490.4 38 998 −28, 8 −71, 5

B 528.8 31 104 −33, 4 −77, 3

C 503.0 36 124 −38, 5 −73, 6

F = 2 200



0 2 4 6 8 10

x[mm]

300

400

500

600
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800

900

1000

1100

Δ
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σHS = 490.4MPa

σmax

σHS

F =

2500N

F = 2 500

F [N ] [−] N90[−] N100[−] N125[−] N140[−]

2 200

A 58 214 79 854 92 442 155 966

B 46 430 63 690 73 729 124 394

C 53 930 73 978 85 639 144 488

2 500

A 38 998 53 495 61 927 104 482

B 31 104 42 666 49 391 83 332

C 36 124 49 553 57 364 96 783







[F1 + F2] [F3 + F4]

01 02

9 01

11 02 9 01 6

120 6 · 9 + 6 · 11



1 2 3 4

step [−]

lo
a
d
[−

]

1 2 3 4

step [−]

lo
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d
[−

]

F1

F2

F3

F4

01

02 1− 2− 3 6



[−] [−] F1[N ] F2[N ] F3[N ] F4[N ] [−] [−]

01
1 F F 0 0

6 9
2 −5.11F −5.11F 0 0

02
1 1.61F 1.61F 2.86F 2.86F

6 11
2 0 0 0 0

a5

rref = 1

ρm = 7850 kg/m3 E = 2.0e5MPa ν = 0.3















z

z





[−] [−] [−] tCPU [s]

100 328 250 081 367.2

736 657 1 166 210 970.6





01 1 01 2 02

1





01 1

01 2

02 1

01 1

01 2

02 1



97.7
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N = D

(
n01

N01

+
n02

N02

)
−1

ncb

D D = 1 ni

i n01 = 6 · 9 = 54 Ni

Δσk,i ncb

N = D

⎛
⎝ n01

C
Δσm

k,01

+
n02

C
Δσm

k,02

⎞
⎠

−1

ncb

C = 2.28e11 m = 3.0



N = 1.0

(
54

2.28e11
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+
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2.28e11
734.833

)
−1

120 = 1.0

(
54

32 066
+

66

57 414

)
−1

120 = 1.0 · 352.1 · 120 = 42 349.3

42 349 352

N = 42 420
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F = 2500N

F = 2500N









F = 2500N

F = 2500N









F = 2500N
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