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[ABSTRACT] Fatigue tests of the specimen designed according to the typical interconnected structures of a certain
airplane’s wing box were carried out to analyze the effects of different assembly processes of high locked bolts on fatigue
performance. The results show that the fatigue performance of interconnected structures can be improved effectively by
exerting an appropriate second—tightening torque to high locked bolts after the current assembling processes. A three—
dimensional finite element model was established to investigate the effects of tightening torque of bolts, friction coefficient
between plates as well as elastic modules of bolts on the stress concentration factor of the hole edge in basic plates.
The study indicates that all the three factors have great influence on the stress concentration factor of the hole edge.
Furthermore, tightening torque of bolts has the most significant impact. It also shows that exerting a second—tightening
torque is an effective mean to improve the fatigue performance of interconnected structures.
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Fig.2 Physical diagram of test articles
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Fig.1 Structural representation of test part
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Table 3 Load spectrum of high locked bolts fatigue test
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Table 4 Fatigue test results
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Fig.3 Fatigue fracture diagram of test part
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Fig.4 Fatigue fracture surfaces of test part
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Fig.5 Bolt and integral structure grid
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Table 6 Comparison of strain results between finite element and

static test
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12 689 649 5.8 22 1671 1671 0
13 924 920 0.4 23 1755 | 1737 -1
14 697 649 -6.8 24 1697 | 1671 | —-1.5
15 821 828 0.8 25 1579 | 1575 | 0.2
32 657 650

-1 — — —_ —

34 679 649 —4.4 — — — —




‘—‘? » »
RESEARCH Eltﬁbtei

I, 7 R, R j A AR 22 . AR HE 2 8 f FLAS IR,
HAA R 22 0Pk 9 FR, Kk 9 h=saE
PR ZH], MAREEE R AT LAF 1 : R>R>R>R >R, B
3 IR 28 X g 7 A v 2R B R e R v B AR vk HE
F¥ Ry WEAR ST BT > B R R AR > MR AR
e 2243 WAL R B, TAR R/ AR JE KA & I 2
KFXoF 7 F 3 6 485 SR 14 22 S 2 v TR K AR ) 5 R i
JEHIRIIR 25, ik, R T 20 M iR g6 45 5 ik
ATV BT LA TR MR 22 50 AT B9 2, FF il 2 F R 56 ok
FIVRIEAS [v) DR 28 000 8 AR i A9 8 P . AR 0 45
JAE RS 220 M, gk 10 iR . BB E
0=0.005,#5if) F 04 F, (3,7)=10.88. 15 10 H
o T ARt R B D S A T B 4 2R RN A A R i

®1 BERERKEHS

Table 7 Design of factors and levels
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G / (N-m) RE /GPa
1 0 0.3 70
2 7 0.6 140
3 14 0.9 210
4 21 12 280
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Table 8 Computing results of stress concentration factor

R mE mE2 W3 2 A s, K,
1 1 1 1 1 1 445.7 2.952
2 1 2 2 2 2 445.5 2.950
3 1 3 3 3 3 445.7 2.952
4 1 4 4 4 4 445.9 2.953
5 2 1 2 3 4 442.3 2.929
6 2 2 1 4 3 441.9 2.926
7 2 3 4 1 2 441.9 2.926
8 2 4 3 2 1 440.1 2915
9 3 1 3 4 2 425.9 2.821
10 3 2 4 3 1 416.2 2.756
11 3 3 1 2 4 368.9 2.443
12 3 4 2 1 3 3284 2.175
13 4 1 4 2 3 403.4 2.672
14 4 2 3 1 4 358.5 2.374
15 4 3 2 4 1 300.2 1.988
16 4 4 1 3 2 291.3 1.929

PR A L B g 4 i R B R, iRt
ZIER R ek 5

AL O R A I — YT R L AR
AL A AR AR A 2 T SRR T A B,
17 5N T BURE, HAT SR - SO BOR, AT
(o34 FR 5 ) A0 57 1 RE SR AN BHARL 5 T 7 AR T A 5
PEATIE B —UE 7, AN IR 55 0 i L T 2
SR T ELA7 5 0 A8 2 BORE B/ DT AT s 1 i 4
LER IR D TR RE

3 4

(1) LA [ L8 LML I IR 4 3 5 1) o Sl %
FHRI L, e RS IR B . BFST S S, % i i
N VR RE 1 RE A A R R A A B S PR . X
TR 96 o5 BB 1 T HE S M , X IE R I — U
I RE MR 55 5 i A A P ST, IF RE AR AR 8 P (L
F5 s TR 48 w BRI Y B LS, — UG IRk
AR PR A

(2) gy LI £ B TR 326 45 45 ) 1 = 24 A5 B e
3T IEASR B 5T T B 1 5 S ] R
50 A B Ak B R o R L 0 I 4 v R B
], 45 SRS . 3 A DR 26X AL 4 h R B

R WMESW

Table 9 Range analysis of stress concentration factor

HEARIE T A EY I ST T
=12
KU 11.807 11.373 10.250 10.427 10.611
sz 11.697 11.007 10.042 10.979 10.626
K, 10.194 10.309 11.061 10.566 10.725
KAj 8.963 9.972 11.307 10.688 10.699
kl/‘ 2.952 2.843 2.563 2.607 2.653
k2j 2.924 2.752 2.511 2.745 2.657
k3,- 2.549 2.577 2.765 2.642 2.681
k4,- 2.241 2.493 2.827 2.672 2.675
R 0.711 0.350 0.316 0.138 0.028
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Table 10 Variance analysis of orthogonal test result

ARt w2 A A B | SFERZEF A | F i

BT S 1.371 3 0.457 73.182

M ] R 2R 5L 0.306 3 0.102 16.350

IR R R | 0.282 3 0.0941 15.059
TR 0.0437 7 0.00624 —
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