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Abstract ; This paper mainly discusses how to reconcile the test results with the service data to solve fatigue
safe-life of aircraft structure. Aimed at the fatigue life obedient to the LLog-normal distribution or Weibull
distribution, the service flying hours and test results can be reconciled directly to analyze the reliability for
the aircraft structure. Aimed at the fatigue life disobedient to the LLog-normal distribution or Weibull dis-
tribution, the service hours can be transformed into the equivalent flying hours at the same test load spec-
trum according to the equal damage to realize the fusion of the test data and the service data. The parame-
ters of fatigue safe-life distribution function can be estimated by using the method of maximum likelihood
function in accordance with the fusion data. The fatigue safe-life for aircraft structure is analyzed by using
the estimated parameters and the fusion data. The result shows that the sample capacity is increased obvi-

ously after the data fusion, and the life reserve of reliability is excavated adequately by adopting the meth-
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od of the fusion data under the conditions of the same reliability and confidence level.

Key words: equivalent {lying hours; fatigue scatter factor; likelihood function; safe-life

AR MR A RHLE A R R AE . R
A EEPEROCUE 43 BT B X R B A B R
HEA 557 it TR Y 4R L T AT AT A S
JH PSR 2 H BTG B R 0 DRI G e s K 19
AR T TR MG A )T S P
IFHUR TR KRR

RALEE A B L 4 i e 1 2 Xk I 4G R Y T
A FHRCHE 73 B i A 2 A, — R T T B s B B
E UL A B o e TR AL 57 1 N 1
FUA — ' TRHLE B0 52 A5 R R B3 Rl B
W22 92 PR b n] DL 3 R A S B IR B i T 3R 58 R
AR 55 7 i i A KL, AR RS TR HLA A R A A
Bl 5 MR AL F B T RBLES 2 42 75 fi DA
UIERRTE S DN NI RS W N 1100 ok T I 23 )
ALV A A

SCHRE3~4 145 T IE 2570 A5 BOg AT JR 73 A T 1Y
JE I 0 2R 28R s 9 T SR e A O ik AR R R T
SE I G S RO L I B % I8 R AR . SCRR
C1.5 145 1 2% Rl Bcts 1 Al 58 1 20 M 7 ik (B O 3
AR R 15 T8 O SR R 4 R AT R AR A O
Bro SEHE N ok 45 K0 Tl H R 4 RO 45 4 1
B 25 R S I A A . A R T 4
7 i o3 AR RO RN TR (1~ 2 Sl ) 4
RS 45 Ry 1 6 AL 18 22 4 555 5 ol A i) DU 42
T2 T 5 P 4 B TRALR TR A T AR A
LA KBTS BRI S HLRE CHL A - 35 S T 57 i
Y E B R A R e BB AR A . AR SCURSEREBL A
HWRABIE T i RLAR ek L XA [ 4347 v (9 S 8 AT
TAGTE A PL% 57 1086 75 i B 5 Ik B kL A7
i KA 5 ok BEAT AN [R) B A 1 T 5 150 2 T [
TATRMLES A 2 2 5 i o M it 3

1B RRNE T MR R

WHA X MR Eh F(x,0) (0 € 0),%
JERRBN f(x,0) . O & R" Py dEss F 4, FibL
AR IR TR N A BB F (0, 0) (1 Sk,
BE ML EL n AN AT A g (ORI L X T
AR (AR X, s i =1,2, .0 ) AN HLA D
R Y, (i=1,2,,n ), %5 i DR A0
WHE X, AY, (BUR/MED . 26, =X, AY, .0, =
Iixiov SIXFEREAT LIAS B B4l (2,000 (i =1,2,
eon )y 0, =1 FoR ¢ BRI R BEIE . 0, =0 FR

t; %jﬁ%%{ﬁ%o J”JJ%%ITE (t1501) 5ty 5820 57051, »
8. HILSR R B R -

L =[]r .0 [1—FQ .07 (D
1B 1 LGS P 55 75 v I D X B8 TE 25 43

fii . AR B AL AT 45 RS TR T 1 L8k eR B0 Sk (10
AT 0 X6 B8 E 25 50 A oR B B S B e AR U
75 o AT KA AG T J7 R 4L A

dlnL ~ (x; — )
=2 —=+
i=1

(')# o
Jw Lo Lomy,
i 0'2
> Zno =0 (@
o J* Lo otrg
2no
dInl n N (x, — )t
o o + ; o’ +
JOc o ;( ”/) (t /l) d[
Y — a —0 (3)

Lty
i=rtl GJ 677(7)2 de

fBR 2 CHLES I 57 75 fiiy e M XS Bk A 7R
orAi . MRAEREHLA 25 BRI T LR o8 K0 nT i, X
RSBy AL T 4 o HEAT B R BL AR A T
W7 AL

*ﬂerZ f,iﬁ =0 4)
i i=1 7

g — ) <‘%) ln(%) + Dz, =0 (5)
i=1 i=1

2 RHLESMIE 57 0 B AR S i T i

21 XMPHESSTHT

B TS5 9 55 FF an b ifE 25 o B AR IR K il Ie
ARG AT bR TAET Y 6 55 g AR ENES AT X 2
(2) 5 (DB R AT B H Al T HE . RIS LIER T
PRI LR G 5 IR A 43 O 5 3 43 HOPE Y 9%
SR AR EZE o0 B 0,18, AN 5 R 25 44 43 B 19 9% 55
FbRfEZE o, B 0.12,

HRAE 2 (2) 7T LA 53415 R AU S 8 e 04T B KDL

SRR 1o 45 300 I M5 25 40 B 1 437 B

1 . 1 .
J e T =0 (BL T 6)
0 o

2no

AR 28 C6) T R Al DA X B T 285 73 A B %) B2 4

F(x) =




%13

] 42 A X 15 IR A% OHE R 10 B 5 A 2 4 A i 23 AT 3

1g[Np]:ﬁ+upao (7)

M T e B9 52 BR AR R 0, 1 B i R AR AR O

B, WL eHFalitBTHEg ABFE. Xt
HEAT XA T, B D) R o B s DT
SR R — G A K A AT AR R B e e A, MR

JESCIRC LA e 9 BAE TR N « — woo0/ o+ 0
TS BN AT SRR p RUEAS KO 7 HX e 4 F

- 0o - u
lg[N,,]l=x— uyﬁJrupao =x + (u, *f)ao

n
(3
U5 107 F) AL 5 ¥ 9 55 22 4x i A
N/,_y :10‘1"#(“/)*%)0() (9)
Nq ? uy
L/ :[ J):I _ — 10 :10(«/77”)50 (10)
’ N, 10.:+<H/,7%>oo

22 BHRAHT

T IR S8 m HH RS K R 50 B
GiitakAs. Lhrh Y om 5y KA AR (4 5K
(5) R AT SR A A5 B H S T E . AR DI TR &
B LR TERAE S m =4.0:% FEKE 4. m =3.0;5
ST HRE (o, <1 660 MPa ), m =3.0; % T i
B (o, >1660 MPa),m =2.2, M4 A LIS

AT R g HEAT R LR 7 . A

p SEGT g AR AR A B 7 g
BT L,

A A
> 1y _
P{V/S(} Y (1) 7 S, (12)
K. S, MEHEFRE.
Mom BN, S, ATE A TFRER.
Se mn” el — _
JO F(n)l e de =7 (13)

WA SCHRL 12 AT 45 AE nT S22 p MUE(SAKFy T
) RHLES AR 57 22 22 T N -

1

Ne, =/ ( if%—A/s (In 1y "
R.yiv nR *77 ¢ HR

1M »
A 1
[Ns1=17/ (In =) (14)
W9 55 73 WO R
7[17\[50] - — InR 7%
L,= No =S (57 (15)

3 ANIFARATTE T 3 TR Al A R P
L ATF AN

S K 55 F A A B N R AR 2, 8 E AT DLy
2 28 AT A3 WO R 2 R A HIOPE L BT R 3 2 R B
PLAE & i3 L I HLE H A B 57

FEAS 25 B IR 58 40 dOME 1 52 RS 0 L H A Ok
7 [) — 2R Aaf 3% T () 8 BIL S R 55 77 i IR A KT $00E
B TR B [ BN Sl o= W i G T TR 4
9 55 75 i A IR A B80IE 25 A U [l 0 T 1R
BILES #4955 73 i tho T 6 2500 25 4 A il R0
IR A% R R AL A R 7 i B s 7T DA 50X LI 5
FE B B LG DT HEAT RS #4245 1w o)
Britda . e, mlG o i B h 25 G 5 R T B
BACE TS5 4 o i

VE R BB 53T AR M A CALERE Dy 9 48, fg 48
KHLAY 52 PR RATAF 1] R 800 h, 9% 95 I B8 K HL A 1
2 57 Al 5 000 h, RIEERER 99.87% .
5 7KF-2R 90 Y0 o £5 A 25 PR AT 43 180 0 45 44 43 11k
F S5 K6 9% 55 Fr e b 25 60 A 0,18,

3.1 NEERXABHBHNHREEGITE

L, =107+ =10%80 5 =59

M F R — AR s X BN, ] i 5 000
h U TR HLES # 2 4 i

[Ns] 5000
N,,= i - -
Ilf \).9

32 ETHEREGNNBEREEGITE

97 55 g SR IR /N R 5 000 S iR RAILSE
Br € AT /N 5 800 WU HI5 b B ML A7 R R 77 i 4
Y5, 1 R0 5 LB G 4 3.699,9 LR34 B
i h 2.903, W FREEARAEZE o0 BAL BRI H TS
B AT I KALERAG 11 . Bl WL AT 48R B0 HiE AR A
AR PR B B LR T
3.699,

% 0,=0.18 H5ikfF5 n =10 LARKX (1O iH5
99.87 % Al FERE 5 90 Y0 B AG K T 55 R L
A

L, =105 =10""0 A0 =4.1

HA 50% AT & BE 0y b {8 9% 57 & v A 1T E
[Nl H:

[Nl =10% =10 —5 000 h

TE 99.87 Yo Al FEFE S 90 Y BAG KT A KHLE,
W% 4754 N, M

=847 h



4 2R TR CHARBE O

2015 4

N
_[Ns]_5 000 _ 1 o101,

Noor="17 1.1

4 [Al— AT T 3 T RE RS B DL
AT

T[] — A 35 T [ 2L KB 45 #9857 75 i i DA XS
WO 500 A R R o0 AR L A 2R iy T 2 A 2 TR
1153 25 CHILES a8 57 7 i AN IR M X 800 285 73 A1 B
Aii IR oA W23 5 2% 8 45 4 23 CVE R3804 23 HIOPE 19
TRALGE F K 55 75 i AN BE O B 2 20 A B A 2R 43
A SKeAgid . e R AR A AL R TR 57
75 RO A BE B4 1Ok BEAT TRHLES #4457 A o)
Br. DUt e TR B — A v i) o L 220 Ak B DLl
SR AT B 5 A B[R] 4% 18 Tt 2 e AL 21 [
— ARG T T REAT [R] — o 3 T LS 2
R T

G T7 v R TR 8 R BOES IR T & &
Boe— MR AET & 07 5 H = RHLCREBZ 2R
B 18 9 52 20 e i 3% 3 358 22 18] 2 g JEE A 2Rk 1Y
KA T LA RE A% 7 3 4k B ALl 56 K 5 ik 7%
WO Tl DA, nT LUK A [ A 135 T B9 RL AR AR
B0 5 A AL D 0 0 3 T 09 KO L X AR A AT LA
A [ B R A "KL a8 TR B9 8 55 A7 i Al B[] —
A3 . B BA S B AU R T AR Y
R
41 ER—AEHETETHIEITIE

AR BUAT B8 TH AR AT AT 58 LA e 1Y
BB 7L TR G I ot | S~ W g o S S L

WA S5 54 Dy o BN RS A5 F T i Dy X
B —A>F7 i Ny DU H A/ 2 B 450 (L
ki =D,/N, (16)
FHAR TR A 24 i 05 3 07 i IR A 2 kAT
NG AR SEBR AT B 1 T O LAY S i i fE D,
VUG AT /N 2 S A5 (R

k:=D;/N,; 17
ME CAT/NET TR R BN
kig=k,/k, (18)

AR B CHLSE B AT /it e AT 35 2R BOu 45
FZILCHLAE U0 20 1 T A9 4 1 AT/ A

P8R 00 7 A7 [R] — 2T 3 45 (BB 2 KR 4
347 U 5 R A M 23 BT (9 9% 57 T i s 2 o, R
0.12,
42 NEEABHENNHZEEGITE

P T 2254 18 20 RO 0T 5 A2 ) 5 0 T AR O

L, =10%"r+ =100 0 =3.27

1 FUAT A B B 5 R LN, ] b 5 000
b, DU 36 300 5 T ) T CHLES A 22 A 7 i

[Ns] 5000
N,,=——=""7"-=1529h
nr L, 3.27

43 ETHEREGHNBEREEGITE

TSR B 35 T A ALY R HL A R 77 i
Kot CRI Y R AT /NI S RALE 55 77 fi ok [ (7]
— N XPRE S A, HR A R RS B IR AR A
AT oA 1 22 S BB A AR IR AL TR AL AE AT 800
b F) 458 0 L DA B A [ — 1 6 AT 3 T 9 24 R ATl
IPRCUL R 1o 3 3% rb iy 25 AT /N I RO B0
BIBEHLA R 75 o Kt L3k 2,

R EFHRGESHE TR

Tab.1 Fatigue damage and equivalent flying hours

15 (E 1 0.12 0.14 0.145
B RAT

N 5 000 600 700 725
AN

152 0.16 0.168 0.19 0.2 0.21

760 800 840 950 1 000 1 050

x2 HNGEBERR®RFG

Tab.2 Random right truncation test life

X, X, X X, X

X6 X7 XS X.ﬂ Xl(}

3.699 2.778 2.845 2.86 2.881

2.903 2.924 2.978 3 3.021

Ko 2 PR BEALA R A7 A B AR 2 (2D

S e OB LA e — 3,699,

¥ o =0.12 5% 10 fRAR (10D, 3545
99.87 % I HE L 90U BAHAKFERM L, K.

L, =107 =10"2070 =2.56

HA 50% A & B w9 b 8 3K 55 & v Al 1T E
[Ns] A

[Ns]=10 " =10%" =5 000 h
TE Rl —iR 50 2 T i T X W F 99.87 U il R FE 5
90 % B AG K1) RMLGE L4 N,., N

[Nl 5000
e ="""=1953h
L, 2.56

AR Bl J0 R RO A B 2 A I oy
HroRs BE R REA BT T B, BR Y BIF 5 AR AT 7 5 T

Nﬁ-y:




%1 Al 32 5 R 55 A B0 Al A 1 TR AILES & A A A T 5

— T AVEP Y 2R, [6] Yool kim,Stephen Sheely, Darryl Lenhardt. A Survey of Air-
craft Structural - Life. Management Programs in the U. S

5 é:':ti‘ i/t\; Nowy, the Canadian Forces and the U.S Air Force[ R].Santa

A S0l ST AR LU R 258

DX F LR 125 1) o B I o 84 0 Bk
1R A4S 1 95 55 75 i IR A XS B0 25 43 A 8 g AT 7R 43
Ay IR A RAL B BE L A AR A7 i i dl vT LA 5 il )
BLNSR 75 i Kt B R RS BEAT RBLES M 2 2 75 v
Bt B0 s 2 AN B DA 5T 285 A A R 50 A 1 AN
[F) 30 335 T A9 B 220 A B LS TT LA AL B A [R] %
PF N B & . AT o At A

2) 158 77 i Ko 55 R A% £ FH B AL A R 75 i
H6 Rl e T T TRHILAE A 2 4 A i A ofF I 2 R
BEAS B AR 4k, DT FE 7042 4 AL H mT HE P 6 5

5 % 30 (References) :

(1) 8. AT sd o M. JE st [ B Tk i, 2011,
ZHAO Yu. Data Analysis of Reliaility[ M]. Beijing: Press of
National Defense Industry, 2011.(in Chinese)

[2] Lawless J EA a8l i e H AL 5 07 ik LML 3 R, 4
B b E G AL 1998,

Lawless ] E. The Statistical Model and Method for the Life
Datal M]. Beijing: Press of China Statistics, 1998. (in Chi-
nese)

(3] MHER, BN, 1E 40w B 0 2 O8N T 58 k43 1 7 ik

(I, iz 8 J 54 . 2010, 2(25) : 384-387.
FU Fui-min, ZHANG Yongbo. Method of Reliability Analy-
sis for Time Truncated Zero-Failure Data Based on Normal
Distribution[ ] ]. Journal of Aerospace Power, 2010,25(2):
384-387. (in Chinese)

(4] MHER 5K 55 . Weibull 734 7 I 76 5 ACEUHE T 55 44 43 47 J7

0. #iz 34, 2010,25(12) - 2807-2810.
FU Fuimin, ZHANG Yongbo. Method of Reliability Analysis
for Time Truncated Zero-Failure Data Based on Weibull Dis-
tribution[ J ]. Journal of Aerospace Power, 2010, 25(12):
2807-2810. (in Chinese)

(5] SRMEE ., SBEME R KT, %, /AR £ I8 B0 40 07 O v B

FIIMI. 9% . P56 Tl R 2 it 2002.
ZHANG Hengxi, GUO Jilian, ZHU Jiayuan,et al.Multivari-
ate Data Analysis and Application with Few Observations
[M].Xi"an: Press of Northwest Industry University, 2002,
(in Chinese)

(7]

(8]

[9]

(10]

(11]

[12]

[13]

(14]

Monica: The RAND Corporation,2006.

LR 9 95 R AR 2 M. b st BB Tkt A, 1986.

GAO Zhengtong. Applied Statistics in Fatigue[ M. Beijing:

Press of National Defense Industry,1986.(in Chinese)
TRAREE. TRHLIE 57 5 i SPBIL M 4 4% 1 R 40 2R A R fr 2%
WitFARBRILCT/ /45 16 4 57 S = AR ST h
[ ) %% 4% ,2012:121-126.
ZHANG Fuze. The Criterion Formula and Analogy Calculation
Model for Monitoring the Single Aircraft Fatigue Life at Every
Point[ C]//The 16th National Fatigue and Crack Academic
Conference . Xiamen: LCSTAM,2012:121-126.(in Chinese)
WRZ A A AE AT 5 AT S [ MO, b A6 s K% iR . 2005,
CHEN Jiading. Subsistence Analysis and Reliability[ M]. Bei-
jing: Press of Beijing University,2005.(in Chinese)

REDRYL. 9 95 Wi 24 AT S ok TR A (M. b ot [ B Tk i iR

#t.2008.

XIONG Junjiang. Fatigue and Fracture Reliability Engineer-

ing[ M. Beijing: Press of National Defense Industry, 2008,

(in Chinese)

XSCHE, F8 L B A, . BANL AR Ay I R SE B [ML It

A BT Toll it . 2010,

LIU Wenting, WANG Zhi. SUI Fucheng, et al. Technical

Manual of Service Life Supervision for Individual Aircraft

[M]. Beijing: National Defence Industry press, 2010. (in

Chinese)

IV 3B 75 T LSS M T A /4 s TR A i T

B — WML 70 %« b [ RALERE BE R BT, 2007,

SUN Xiasheng, DONG Dengke. Military Aircraft Structure

Durability/Failure Tolerance Analysis and Design Manual:

First volume [ M. Xi an; China Aircraft Strength Institute,

2007.(in Chinese)

BN R X SCHE. S5 AR 15 2 B 2 8 0 K 55 A

Al AEREL) ], W% 2 4R 2010,4(31) £ 732-737.

HE Xiaofan, DONG Yanmin, LIU Wenting. Reliability A-

nalysis on Fatigue Life with Separated Structural and Load

Spectrum Scatters[J]. Acta Aeronautica et Astronautica Sini-

ca,2010,31(4):732-737. (in Chinese)

BETLR. 45 49 97 75 i 23 BT (M. Jb st B B ol WAL

2003.

YAO Weixing. Fatigue Life Prediction of Structures M. Bei-

jing: Press of National Defense Industry, 2003.(in Chinese)
(%R 3 AR B0



