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Fig. 1 LY12-CZ smooth specimen and specimen with a central hole (thick 1 mm)
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FIRBEARIER LSRR BHAARBESZARFRMBEF R, AT
BraB SR RPA LN B, AREEAHHRAREENREERHUEFR. —
i Taylar BERERA LY, B TH; —R Freudenthal BEREHIE®, RHRFE,
MERMEANEARBBEAALBEFRAE P ENLRD EERMEIEREAES 6 L 5 8%
Ko SEIEMZ N INEERERTHARTE

S.,=AnS,, (1)

So AR SINEME; An hSRMELE; S. AP, BREABHHRHNNERREL
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Fla TaylarBFREFERN P A AT Foff Fx &
Tab. 1a Stresslevel and cycle number in

Taylar program block spectrum

mﬁmu 1 2 3 4 5
Smazx (N/mm?) 195.02 171.5 15%..73 147.98 139.16
(R RE S G.GX1QZ 3.3x103 6.6 x10% 1.58% 104 | 3.96 x 104
a; - oot ’ 0.05 0.10 0.24 0.60
TR A101.92N/. . m?, H—FERRLEFRE 6.6x104
#1b Freudenthalf2 fr Y i i B Jy K F F 4 3R ok
Tab. 1b Stresslevels and cycle number in
Freudenthal program block spectrum
R F1 42 31 1 2 3 ] 4
Smax(N/mm?) 1_95.62 171.5 147.98 ' 125.44
TR K # 2.64x 103 1.06x 104 1.85x 104 ’ 3.43: 104
a; 0.04 0.16 0.28 ' 0.52

T H101.92N/mm2, H—HEFRBIEFKRE 6.6x10%,
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Tab.2 The constant amplitude test results
of LY12-CZ smooth specimens

%g \ Smax ‘ Smin N 1gN ? S 7 \ lgNo.so 1gN0.99 lgND-ol
1 4.0% 104 4.6020
2 3.0% 10: 4.4770
3 2.5%10 4.3980 ;
" 313.6 109.76 1.0x 104 46020 4.5722 .1318 4.5722 4.2656 4.8788
5 3.7x104 4.5680
6 6.1 %104 4.7860
7 3.8x104 4.5800
8 3.5%x104 4.5440
) 288.12 109.76 5.5 X 104 4.7400 4.6314 .0789 4.6314 4.4479 4.8149
10 4.8%x104 4.6810
11 4.1x 104 4.6120
12 6.4x 104 4.8060
13 8.2x 10: 4.9140
14 6.5x10 4.8130
15 269.5 109.76 7.8 x 104 4.8750 4.8647 .0501 4.8647 4.7482 4.9812
16 7.1x10% 4.8510
17 8.5x104 4.9290
18 7.5x 104 4.8750
19 1.2x 1045l 5.0790
20 6.7x10 4.3260
21 253.82 109.76 7.6x 104 4.8810 4.9270 .1475 4.9270 4.5839 5.2701
22 5.8 x 104 4.7640
23 1.37x 108 5.1370
24 1.36x 105 5.1340
25 1.38 x 108 5.1400
26 2.11x108 5.3240 . ‘ :
27 235.2 109.76 | 2.07x 108 5.3160 5.1940 .1109 5.1940 4.9361 5.4520
28 1.15x 108 5.0610 ' : '
29 1.25%108 5.0970
30 1.93x 108 5.2860
31 4.39% 108 5.6420
32 2.63x108 5.4200
33 3.05x 108 5.4780 . T :
34 215.6 109.76 | 1.93x 108 5.2860 5.4911 1341, | -5.4911 5.1792 5.8030
35 3.36x10° 5.5260
36 4.65x 108 5.6680
37 2,62 X 108 5.4180 .
38 7.56 x 108 5.8780
39 ) 8.68x10: 5.9380 . ‘
40 1.41x10 6.1490 .
a1 215.6 109.76 | o0 108 5. 6630 5.9428 ¥907. 5.9/28 5.4992 6..3864
42 1.22x 108 6.0860 i :
43 1.47x 108 6.1670 i
44 2.91x 108 8.4640 ’
45 s.ssxxo: 6.8170
46 3.18x 10 6.5040 ;
a7 176.4 109.76 | 4 a3 108 6.6420 | 6-7378 2378 6.6160 6.4487 7.7614
48 107> >17.0 : ‘ v
49 107 >7.0 y ‘

I~TREESDTH, B8 REBARI A, RHRMEN/mm2,.
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%3 LYL-CZH O ARUFBHART RBE
Tab.3 The constant amplitude test results of
LY12-CZ specimens with a central hole

Z;g Smax Smin N IgN x S . 1gNo.s0 | lgiNo.se | 1gNo.01
1 277.928 7x108 3.8451 3.8451 3.8451

2 |250.194 1.54x 104 4.1875 | 4.1875 4.1875

3 | 245.49 o102 | 1-60x104 | 42041 | 4.2041 4.2041

4 | 240.884 2.00x104 | 4.3010 | 4.3010 4.3010

5 | 213.15 4.40x 104 4,6435 '

6 |213.15 6.70x104 | 4.8261 | 4:7348 4.7348

7 3.7x 104 4.5680

8 2.2%104 4.3420

9 927.36 101.92 2.0x104 4.3010

10 1.9x104 4.2790 | 4.3720 | 0.1031 | 4.3720 | 4.1322 | 4.6118
11 2.4x10% 4.3800 o [

12 2.3x10¢ 4.3620 |

13 6.0 x 104 4.7780 [

14 : 5.4x104 4.7320 ) !

15 | 203.84 | 101.92 |6.6x10 4.8200 | 4.7565 | 0.0436 | 4.7562 | 4.6548 | 4.8576
16 |, .1 5.1x104 4.7080 '

17 5.53 x 104 4.7430

18 1.18x105 | 5.0720

19 1.20x 105 | 5.0790

20 | 1g0.712 | 101.92 | 1-98X10° | 5.2920 | o000 | 0.0873 | 5.1610 | 4.9579 | 53641
21 , 1.72x16°% | 5.2360 ' ‘

22 1.41x 105 | 5.1500

23 1.37x105 | 5.1370

24 3.79x105 | 5.5780

25 2.52x105 | 5.4020

26 5.84x 106 5.7660

27 151.9 | 101.92 | 4.40x165 | 5.6440 | '5.6496 | 0.1477 |- 5.6496 | 5.3061 | 5.9932
28 7.26% 105 5.8610 ’

29 5.06X10° | 5.7040

30 3.91x105 | 5.5920

31 1.52x100 | 5.1820

32 9.32x106 | 5.9700

33 8.20x105 | 5.9140

34 | 147.98 | 101.92 | 6.13x105 | 5.7880 | 6.0096 | 0.2489 | 5.9184 | 5.7709 | 7.2463
35 5.96x105 | 5.7750 '

36 3.04x10% | 6.4830

37 9.01x16% | 5.9550

38 5.15x108 | 6.7120 -

39 7.05x108 | 6.8480

g0 | 138-964 | 10192 | oo Lo | coaee | 6.8245 | 0.1310 | 6.7781 | 6.7033 | 7.7042
41 107> 7.0

1~4BFLESH T, S~6RLBARIH., EHALN/mm?,



£ 4 M Miner R GE IS IR RIEME o7 355

%4 Taylar BFEEFTHRARER
Tab. 4 The test results of Taylar program block spectrum

n; _ -
®H R B N, N a a
1 7.65%x 108 0.7685
2 8.85x 105 0.8891
3 9.27 x 105 0.9313
4 1.12x 108 1.1252
5 1.07x108 1.0749
6 8.63x10° 0.8670
7 9.90x 105 0.9946 0.9563
8 8.49x 105 0.8529
9 9.74x10° 0.9785
10 9.73x 105 0.9775
11 7.83x 108 0.7866
12 1.28x108 1.2859
13 8.57x 105 0.8610
14 7.52 X108 0.7555
15 1.19x108 1.1955

%5 Freudenthal BFH BT RBER
Tab.5 The test results of Freudenthal program block spectrum

B # % B N, . st =g a
N;
1 6.87 x 10° 1.2697
2 7.16 x10° 1.3233
3 -6.73 x 108 '1.2438
4 5.87 x 105 1.0849
5 7.29 % 10° 1.3473
6 5.28 x 10° 0.9758
7 7.40x 106 1.3676
8 5.36x 106 0.9906
9 6.70x 105 1.2383
10 5.66x 106 1.0461 1.20
11 5.56 x10° 1.0276
12 7.37x10% 1.3621
13 6.86x10° 1.2678
14 1.08x1¢¢ 1.9960
15 6.93x 108 1.2808
i6 6.28 x 105 1.1607
17 9.01x 105 1.6652
18 5.53x10° 1.0220
19 5.93 x 105 1.0960
20 6.77 x 105 1.2512
21 5.59 x 10° 1.0331

. RFERBEROLIT 0N

1. ¥EBRHTEHEGIBHESHHEM Weibull 75 5%

BEMAESH A Weibull 2 HERBRRBBHES FTNIBEETHEESS
K Weibull 44, B2, E32HNAN LY12-CZ i R4 op O Lt A7 IE A
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Fig. 2 Normal distribution verification of fatigue logarithm life in LY12-CZ smooth specinien

&
':’-
0
A \ N\ AN
70 ¢ » X
» ?
50—, Y X P
30— Y AN 3 §
: ] 1 5
10, \\1 \ 2 8 N -~
5 Y N
i.z 44 48 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 66 6.8 7.0
1gN
B3 LY12-CZh OARMR S % Ao MO B ERSH LR
‘Fig. 3 Normal distribution verification of fatigue logarithm
life in LY12-C Z specimen with a central hole
» .
99 ¥ 2 ' Y
4 i Is
95 —P ' 95 3
: hy
90 90—~
% ~
~
P~ \\‘x 2
70 > 1 70 1
50 >~
o 50 - |
30 2 30 i I 0
~ I
10 -
1 10 -1
1 1 ‘
11.0 12.0 13.0 14.0 15.0 16.0 " 9.0 -10.0 11.0 1270 13.0 14.0 15.0 16.0
la@W;~No)  No=2.81x108 In(V;=No)  No=5.90x10°
B4 LY12-CZHABAEENRED A5 LYIR2-CZPLOLRBEREENN
KT 35 5 fr 4 B weibul 143 R I AR 35 5 fr 53 WO Weibull 047 1250
Fig. 4 Weibull distribution verification of fatigue life Fig. 5 Weibull distribution verification
in 8-th stress level of LY12~CZ smooth specimen of fatigue life in 5—th stress level of

LY12-CZ specimen with a centra] hole



£ 408 Miner R 45 288 A9 IR I B0 E A 31 53 ¥ 357

DFLIRME 1~4 BN KFIERR A BOESS A, 1B 5~6 HM K F EXHIESS A
MZB K, W 4 FE 5 B LLF MAEMRRL 1 K 508 5 6 2 8O R UR A Weibull 2376,
BN Ny R E B, E@JEFPE‘JE%%MA%H%EO
2. S-NHE&MP-S-N RNTE ' :
FRBER=SHRPRRN S - N%%Tu*ﬁ?ﬂﬁﬂﬁ RBHIE.
(Smsx—Se)"Ny=¢ . - (2)
AH So, mM e H=ZARENEY N WS —EFBRNMNEN Fd, NTES S
AT TR E '

lgN =xX—1 S . . ( 3 )
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BRI REMCER2ME I PLE, AR(2)PHREFEETHEM - RERS,
KBRS S-Nih R ELER D
(Snax—16.2)284 X N ,=1.6214X% 107, r =0.9981
(Smax—15.0)%88 I x Ny ..=4.6679X% 107, r =0.9818
(Smax—17.2)%419%x N ,,=3.0980 % 107, r =0.9959
FOARES-NMERIALEGERRA
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BAE Miner 2R, WERAKER

n

Y =1 (5)

i=1
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= 3 —E’v"-,— | (6
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Fig. 8 The united distribution of cumulative cyclic ratio of T spectrum and F spectrum
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BREE A 0@, BBAZIBEREQDRNFHSE, RKEE 0, EEIEGBERITF
Ak, HEERERBRBE Weibull R HWEAFXEH 0, @, 6, BK6, 5—EFH
BER DMK o HATHETHAAXNEH

ap=a0+(ln—;~>% (a,—a,) o (13)
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Tab.6 Weibull distribution of cumulative cyclic ratio

N

o 2 ap ag b r
10 0.73 0.97 1.1844 0.9862
20 0.96 1.27 1.0394 0.9848
3Q 0.68 1.18 1.8051 0.9866

O® TaylarBF i,
® Freudenthal B iRk,
@ TEERBMFEFRE, ZAFALKEAWeibullsH,

= & w

1. TEFHGEERAKMTERMENR 0.96, FRFHIERBUE LMY & 4 1.20,
BRI 36 MRS EME N 1.10, 5 Miner BHMEER K,
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€13 Schijve, J.,The Endurance under program fatigue testing, Full Scale Fatigue Testing of Aircraft
Structures, (1961), 41.

[2) Freudenthal, A. M., Fatigue in Aircraft structures, P146~177, (1956).
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TEST VERIFICATION OF MINER’S RUIE AND
STATISTICAL ANALYSIS

Wu Yisheng

(Institute of Mechanics, Academia Sinica)

Abstract

The fatigue tests of smooth specimens and specimens with a central
hole under constant and variable amplitude loadings are presented. The
rﬁaterial is LY12-CZ aluminum alloy. Taylar and Freudenthal program bl-
ock spectrums are adopted for variable amplitude loading. Miner’s rule is
verified by the tests. The statistical analysis of fatigue life and cumulative
cyclic ratio is completed.

It is found from the tests:
(1) The average ;value of L =0 equals 0.96 for Taylar program
N

block spectrum and 1.20 for Freudenthal one. Miner’s rule is not too
different from test data. .

(2) The kind of the spectrum has an effect -on the value of a due to
the effect of residual stress.

(3) Fatigue life in the ‘constan‘t amplitude tests under high stress is
submitted to log-normal distribution and to weibull distribution usder
low stress. ,

(4) The dispersal of @ is submitted to weibull distribution. As a re—
sult, the minimum value @, or probability value @, can be used to estimate
the safe life.



