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Table 1  k estimators’ verification for titanium
Data description Original Verified Error/ %
data’ data

Ti-6Al-4V 0.356 0.351 1.40
Ti-8Al-1Mo-1V 0.326 0.323 0.92
Monolithic notched 0.341 0.337 1.17
Structural simulators 0.340 0.336 1.18
Room temperature 0.327 0.321 1.83
Elevated temperature 0.396 0.394 0.51
Constant amplitude 0.353 0.349 1.13
Variable amplitude 0.139 0. 146 -5.04
All data 0.341 0.336 1.47
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Table 2k estimators’ verification for steel OF xxx™

Original ~ Verified -10F ¢
Data description , Error/ % I .
data data g ool ot

18% Ni maraging steels 0.485 0.477 1.60 = -
=-30f +

Air melted 0.306 0.308 -0.65
Vacuum melted 0.397 0.378 4.79
0 - 100ksi 0.296 0.303 -2.36
100 — 160ksi 0.193 0.190 1.55
160 —200ksi 0.240 0.254 -5.83
200 -240ksi 0.316 0.281 11.07
240 -280ksi 0.455 0.450 1.10
280 —320ksi 0.468 0.449 4.05
Monolithic notched 0.368 0.335 8.97
Room temperature 0.354 0.347 1.98
All data 0.352 0.341 3.12
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Fig. 1 Expectation comparison among estimators
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Fig.2 Variance comparison among estimators
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Table 3  The effect of different factor on different materials

Description Median life  Ultimate strength K, Geometry Temperature  Corrosion environment
Aluminum alloy + - - - - _
Titanium alloy + - - - - _
30CrMnSiNi2A and
+ + - - - +
16Col14Nil0Cr2Mo
Other steels + + - - _ _

Note; “ + 7 show remarkable effect; “ —” show no effect.

22 A UL, r (i 7 A v e T R R o D
A WE R, PR AU R A o A 5 E R
m, k4% B o 2R B X R Sk 30CrMnSiNi2A - Al
16Col14Nil0Cr2Mo 9 50 #4 A & 25 PE 52 . Ay A
F K A AR TUART B AR B 56 a3 D0k AR o
ETC 0 E W, 76 LSRR 1, B9 B P48 A 4 ek
BER o i, B o (HAEA [ E 77 iy 3 N
A LA

4 5 E R R A A TR B S AEAS R A
T o

F4 EHFEGETRSEAGTER

Table 4 Estimated shape parameters of aluminum alloy

Median life Number of groups @
1x10° -1 x 10* 21 11.36
1 x10* =6 x 10* 309 7.46
6 x10* =2 x 10° 356 6.45
2x10° -1 x10° 327 4.76

>1x10° 47 3.64
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Table 5 Estimated shape parameters of titanium alloy

Median life Number of groups o
1x10° -1 x 10* 4 8.47
1 x10* -6 x 10* 182 7.25
6 x10* -2 x 10’ 172 5.78
2x10° -1 x10° 135 5.71

>1x10° 12 3.89
£ 6 JEphIAEE X 30CrMnSiNi2 A 1 16Col14Nil0Cr2Mo

TR S HUE W
Table 6 Estimated shape parameters of 30CrMnSiNi2A and

16Co014Nil10Cr2Mo in different corrosion environment

Test Number of
Data description i «
environment groups
Air 16 4.90
Wet air 11 6.33
16Co14Nil0Cr2Mo
Salt air 9 5.59
Salt air + SO, 9 7.69
Air 45 5.78
Wet air 9 9.52
30CrMnSiNi2 A
Salt air 9 28.57
Salt air + SO, 9 11.24
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Table 7 Estimated shape parameters of steels

Median life Alloy o,/MPa Number of groups @
454 883 9 6.71
40CrNiMoA 1038 16 6.67
30CrMnSiA 1176 6 6.37
) . 0Cr15Ni5Cu2Ti 1310 9 7.19
010 =210 1Cr15Ni4Mo3N 1379 70 6.99
30CrMnSiNi2 A 1633 45 5.78
16Co14Nil0Cr2Mo 1736 16 4.90
GC-4 1891 6 4.69
1 x10° -6 x 10* 80 6.76
6 x10* -2 x 10’ <1655 MPa 155 6.49
>2 x10° 65 4.67
1 x10* -6 x 10* el 36 7.58
6 x10* -2 x 10° = 1655 MPa 22 4.85
>2 x10° 5 3.39
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Table 8 Estimated shape parameters of aluminum lithium alloy

Median life Number of groups «

1 x10* -6 x 10* 51 7.25
6 x10* =2 x 10° 108 6.71
2x10° -1 x10° 74 4.22
>1x10° 10 1.41

I 2x x xRIFEAEEE 2 x x x RIFAHE
TEAR S B 45 2R %) 1
Table 9  Estimated shape parameters of aluminum lithium alloy

(2% x x series) and aluminum alloy(2 x x X series)

Data description Number of groups «

Aluminum alloy(2 x x x ) 109 6.17

Aluminum lithium alloy(2 x x x ) 100 6.85
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Table 10 Results of shape parameters of fiber metal laminates

Data description Number of groups «

All data 19 4.33

Al-C 8 3.30

Al-G 11 5.62
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Table 11 ~ Comparison between Domestic material’s a and American's
Hand-book's American American laboratory The calculated «
Description i
a materials’ '°*'  structures simulator’s o>’ in this article
All data 4 3.86 5.00 6.45
Aluminum alloy
Corrosional — — — 6.10
All data 3 2.93 3.25 5.78
Titanium alloy
Corrosional — — — 5.97
Steel All data 3 3.51 — 6.49
o, <1655 MPa Corrosional — — — 6.71
Steel
All data 2.2 2.17 — 4.85
o, > 1655 MPa
Aluminum lithium alloy All data — — — 6.71
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Shape Parameter in Detail Fatigue Rating

GUO Xiang,

LIU Jian-zhong, HU Ben-run,

HUANG Xiao

(Beijing Key Laboratory of Aeronautical Materials Testing and Evaluation, Beijing Institute of Aeronautical Materials, Beijing 100095,

China)

Abstract: In order to obtain more accurate and reliable DFR value, two-ordered statistic ( TOS) method is introduced and verified. An

assessment for TOS and common estimators is made by Monte Carlo simulation, and TOS method is used for analyzing a large amount of

measured data. Systematical parameter estimation and analysis are taken for aviation materials including steel, aluminum and titanium.

A further analysis is taken for factors which may affect scatter in fatigue life. As a result, TOS has high accuracy in calculating a. Val-

ue life range has an obvious impact on domestic aviation materials’@. Ultimate strength and corrosive environments have impact on sev-

eral materials. Recommended o values for common domestic material are in the range of 4.85 —=6.71. And new « estimated values of

new aviation material aluminum lithium alloy, fiber metal laminates under the corrosive environment is given out.

Key words: transport plane; detail fatigue rating; Weibull distribution; shape parameter



