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Fig. 2 Load distribution of the bolt head bearing surface
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Fig. 3 Profile of the cross section of external thread

SMRBU B8 ER T B AR 1SO 724 (— it
A IR L0 IR SUF B S0 ] Fukuoka 5577 11y
7 %5 I 2 TR AfE 1 R RS2 B SR S0 RS — B



1094 B oa.m R 5 & W 240 &
IR RN P DA ABL S O 905 7 B — 7, L L
d Ty, R e i T HE R PR B R T 40 My O A A 30 e 7
2 8 o T 0 7« P G 0 A S A M K
r= E@+%_%H 0 <0<0,) B B AR 15K 7 LA ) AR R R R SO B BLAY | &
" SRS, BRSBTSk K R 2
i O, <0< REIRBIRS 50— A BB F1 1 i e 3

(3)
Ho .0, =n/4;0,=Tn/8;0<3""P/12; H=3"P/2;
d NAMBLH)AFR AR P o SMR SR 5 o Fy S IR
SR IR AR
i BE LA b 5 % M) ML AR ol £k 4 R A B R U A
N7 MR U T TR T bR ol L PR R A R DT AR R R
HAE AR N 0 s AT 2D BB, 3l g i e B U
H S BRIR A AR L IRk 1 A IR T AT e
A — M REE N A 3D A FROCAE Y . i A2 ) A A
RS BREr T0J  ST A AL A Y R 4 oS
O — M o BB b ity R S R ] 5 s T
WIS A 4 B 7R i A RO RS . 84 S M0,
BEAF K 58 mm AR 20 mm L BREE S 1.5 mm,
RGBSRy 15 mm, fLIEBR A 1 mm,

BiR_ Brfiatl
N A

\ Befilnd 2
—=

x4

—

/ ﬁ{ %@g\

Pl 4 WA I R A5 F A BR TR A

Fig. 4 Finite element model of bolted joint structure

2.2 EMARTER

Gong S5V L EE T 4 RS Ty m #0073, 48 i
WU 7 500 n] LB Gy s R U S RGBS A . 2
R R A AT 09 A SR AR A2 ABAQUS

QLB A H It 0 0 T 5 H AR s O % Bl X
FIREE N [ AE Y R B . AT 3 A5 Rt i 10
J1 MG 4 BTG .

FEVRECA AL B F JRy 0 1 ) 46 v 45 7 A 98 1 AR
T, 5l % 1 %18 T F . Gong % L& B KLY
PAPEAAE S 00 1 LA 2 R 5 R B R IR ) T
Bt T 6 2 S 1 ] 30 5 g AR /0N o RIVAE A s 3l 00 o 1
AR TR 5 | R ) RS 0N 2 A S o MR 1 58 M X A B
PR FRFL AN K, i nT g ST g AR R L R 2 pE 9 v
e, PR E=210GPa, JHAN L v=0. 3,

LT A4 Ab BE R ok, YR T A BRI RS . 4 )
EMESL IR S Bk BT R RZIEL AR TR
1A 5 88 R b SR DL SR AT AR S SRR RS, BR
DA AN 2 b R 4 DR B 0. 15 41, 4 ab #4H 0. 10,
Y ) 5 A R A L 1) B O R Ak, A o E
AR B 6=0,sin(2nft)  Horpr i J AR AT 5 /

3 BREZEMHIETRERSWERSN

3.1 RSN

IO B (B2 0. 20 o il B AE T AR G 18T . %)
A JE 30 P AN (] o 20 92 5 432 ik o R Sk P T 4 f
RS LEAT I H

B 5 BT 738 DAy A i 03 A SR - foh i A MR S 7R
T H2 Sl AR S AL AL A 0 M 4 2R L v 218 RO 4 5
BRI . RO ECHBUR TR . B 2

P S B Jal 400 P R 3 ik T R R Sk R TS THT 6 AR 2 AR A (AL < )

Fig.5 Different contact status of thread and bolt head bearing surface during one cycle (unit:s)



%6 ]

PH S5 - R85 3800 7R T SR 3 1 0 S AR AT 50 1095

Ao (38 KL W RS X B Wi R (0. 05 5,0, 10 5,0, 15 8) &
SEAMERL(0.25 ), WA A ¥ A% X IR B L 35
PIEC0. 15 5,0. 25 HHRIXFNELWH . HATisFH
WRAELJS T 1R 08 /) o B8 0 A R B Sk Ak ST 2045 R W B
(0. 30 ) o FE 2 faf 32 #1078 ) 2o i v MR 230 Ab Pk o B
JRFRIE RS (0. 45 ), TE R ) i B v SR Al B 5
HEASE AR AS (0. 55 ), BB Ab F 5 35 0 B R 4
(0.65 ), 437 K ) 15 B 0R (B S I e/, IR 2o ik
ST 2SR AL (0. 80 ), [l AF 7E 2 far 720 7 0ok /)N 1 3
R SUAL O A FRIR IR R 8 (0. 95 )

T 4T 3 4 B ) M B TR B e 4 R i AR
AR o 38 2o £ RUR 1] 457 7% 0 59 D) 247 43 AT 45 21 L 15
FNE 6 F 7R (0 BT U0 a1 il £k BOIE 16 0 2% 2 0 i (B-
C B, Bz H > 8% (C-D . D-E) 47143 ¥ o

2 c
z I
=
/] 0
R
R

_1-

E
_2 F: 1 1 1 1
-0.2 -0.1 0 0.1 0.2
B F A / mm

P 6 04 A i [0 2%

Fig. 6 Shearing load hysteretic curve

B-C BIR8roe 2 7%, 183k i Jo i 7 8 )5 7 3
¥« IR A4 23 fe /s o BT D) NI EE B /s CD BUIR 8UG
M #  BRK T A% BRI OR L BT YT W fe ks D-E
BOIR SR R A% 1R K TE W RS L B R R T BC
Br. B-CEBMFRY D-E B 22 5/, Ul DRk
Ak 9 9 R AR 25 R R A T A5 A Y BT I NI A R
Wi o AERE WA B/ s D Bogh R R T H R P B
W B MR S A 14 T R B 2 0T AR 3 e 45 A 10 5 1)
JEE B W 5K

WP 7 R BUR O AR A A Bl i B R T R
e, X P O R S Y B 5 T — 0 AR AR BT
[ 3 AR A P+ B S0 R 3 A 3] JC A 1] 23 A7 IR 1 B 4%
FBIAC P 2 T R 80 R 7 R AN 32 B IV A e A i
L IR T FRE. RN R A W L
THE T B X U BT IR AR 7E — ik 3 JR B b e A 5 8
M4 B SR . R (2) A (3) m A, X A A
1 38 $Z A5 4 A6 T T AR R I 97 5K R R T
PRSI DRI A i 2 Ay 1 FH = 2 A 3 T AR

TAT R IR 37 R B R T4 AR AT 3 258 L
— 1 S R R W TR L O P B TSR T T

10.0f
9.8
Z
.R9.6'
?_‘i{
15'9.4-
9.2
0 2 4 6 8§ 10 12
PP IR E
K7 BRI ik

Fig. 7 Residual preload curve
3.2 ERMEN#m

o3 0 ERRIE RE AR A E E AR 2
PN 25 3 2 i fEL A 0. 20 mm,

8 Ca) I /8 0y BE AN B0 3 A T 103K ) A AR A ik
e o5 FL A3 B B0 bR AR 249 R R 1 A PR A A

10.0f
9.8T

9.6

EH/kN

il

941

9.2F

0 2 4 6 8 10 12
TEFR R
(a) TEHAIEFE

(a) Full processes of cycles

—a— 1R

9.81

9.6

B /KN

il

941

9.2

(I) I2 ;1 6I ZI% 1I0 1I2
TR REL
(b) TEFEHA R
(b) Cycle points
P8 g VB T AL B AN [m) I A 4 T 55 ) ith 4k

Fig. 8 Residue preload curves at different loading positions



1096 & Zh. W

w5 & W

510 %

B AR TN e T A PR 5 B =L TR B
Jo I 5 BRI ERHAT . ARG 23 T BRAE— A
JEATRAE 3T 5 EARNSET RIS 3T A . [ 8(b)
ANIEERJE 9 R AR B AR A it £ AT LU
FAR IR = A2 B 0 B R S B AR 22— R
FEAE . H AT R fr i n T B AR R AR b BAR AR
T35 T AN TR AR5 g 4 A R — 2

3.3 MREMEIE

a7 i (B 4 WL 0. 05,0. 10,0, 15,0. 20 mm,
W9 7 o It 3 26 o e 80 A% 386 o 390 55 0 T o s
AR Y IRAE BN TUE T R R T S 5 2
WL IR T i 3o 36 0 7 e 6 8 [

N ARV
981
Z
R 9.6
E_iﬁ
= 9.4}
921
0 2 4 6 8 10 12
TR IRE
(a) TEAILRE
(a) Full processes of cycles
10.0 -
9.8
R 96}
g
= 941}
9.2

TEFFIREL
(b) TEF AW
(b) Cycle points

PO EAS IR B R A T 5% 7 il &
Fig. 9 Residual preload curves at different loading mag-

nitude

B 10 fT 7 o B 5] 28 A iy [y 2 o i {1 19 25 1k
KF . WEAEEL/NIN 0. 05 A1 0. 10 mm B, il % S F
Wef 0 58 /0N o D BT 57) 28 A ¥F [l |l 6 T DA L 7E A
B-C BRFRLT- BA 28 Ak 5 10 25 g /32 17 3 KR, 1]

BB A-B BUFI B-C Be 73 5+ HL R (E B 73 5Bk
W s C-D B 15 21 8 (5L m 28047 W 56 /) » SR 80A
7R HS THI AR AL 7 0 1 B R 2« 1 IS A 39 110 M 32 3 )
RS H IR FOARZS W BT VI

B8RS / kN

A A7% / mm
10 Mg fELAS ) Ik B 47 48 4 (el ith £¢
Fig. 10  Shearing load hysteretic curves at different am-

plitudes
3.4 SMEMNHMN

AT AT I 1,5,10 Hz, 58k # A 45 51 i
e, M 11 AT UL ER S OLR WU R
R L AP, X & Y ABAQUS Fo 2SR i 47
Hh ) o A S R 2 T )kt BELAS 52 Bl IR S AR
fEBIB . B2 1,5,10 Hz Z 8] (X 348 /N .
WAL DA S B AIG A A0 8 A28 b 6 T # Bl 2ok B 5 e
BN,

6
B IREL
L1 3R [ It % 4% 3 0 i 46

Residual preload curves at different loading fre-

Fig. 11

quencies

4 &

1) FEAR [l 9 20 24 A TR - Sl T35 At B AE
By b T 5T R SRECE il i e T R M i A B2



%6 ]

B 458 B 1 AT 10 T MR A B e Bl ik

1097

AR S LR S04 ol T 1) 8 A% R 25 02 5% i BT V1) I E 1
FHEEK,

2) A 1 1 P A R T IR A 3% 5 A Bl 52 e AN
Ko BT R AEL K /N J2: 52 i 4 8 11 2 22 [ R 0 Ar
A ER N NI E R A e o S O ER G YA
B 10 R /IN 2 B LB A 3l AT 30T B o 48450 e %t s 2
SN HERRBLRL T Junker 305025 3L .

s % X ik

[1] IBRAHIM R, PETTIT C. Uncertainties and dynamic
problems of bolted joints and other fasteners[J]. Jour-
nal of Sound and Vibration, 2005, 279(3/4/5) .
936.

[2] SO R AR BH L JE R T AR A A Sl 45405 1Y I 3 O
,JJE‘»%”JIU'?%[J]. fik 2 A5 2 W, 2017, 37(2)
279-283.

QU Wenzhong, ZHANG Mengyang, ZHOU Junyu,

857-

et al. Using sub-harmonic resonance to detect bolted
joint looseness[ J]. Journal of Vibration, Measurement
&. Diagnosis, 2017, 37(2):279-283. (in Chinese)

(3] skfEZs. T9°, 5. %, HERIRsh R8T J i f I8 1 i
HORA W REE & & 448 v L], 4k 3h 5 vh . 2013,
32(8):179-182.

ZHANG Jiankui, WANG Ning, LU Ping, et al. AE

REE index to identify connecting state of a 2-bolt con-

nected structure[ J|. Journal of Vibration and Shock,

2013, 32(8):179-182. (in Chinese)

(4] a5 48, BT 1R D 7 i 0mh (9 MR K 7 45 40 3l
K wEsE (1], k3l 5 ehifi 2018, 37(9):208-213.

WU Guannan, XU Chao. Bolt looseness detection

based on chaos ultrasonic excitation[ J]. Journal of Vi-

bration and Shock, 2018, 37 (9):208-213. (in Chi-

nese)

(5] Bl 820, 22K, 5. 5T JE 2 1 2 m i e 45 A%
R AT ] iRl K 512 W7, 2018, 38(4) : 712-
718.

LU Fei, CAO Zhifu, JIANG Dong, et al. Study on
the characteristic of clamped looseness based on non-
linear dynamic response [ J ]. Journal of Vibration,

Measurement & Diagnosis, 2018,38(4):712-718. (in

Chinese)

[6] JUNKER G H. Criteria for self-loosening of fasteners
under vibration[ J]. Sae Transaction, 1969, 44 (10) .
14-16.

[7] OUYANG H J, OLDFIELD M J, MOTTERSHEAD

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

J E. Experimental and theoretical studies of a bolted
joint excited by a torsional dynamic load [J]. Interna-
tional Journal of Mechanical Sciences, 2006, 48(12):
1447-1455.
FERAEE T AT A R AL A AR R
BERRSB s LT RS, M 5 2, 2018,
38(6):1169-1175.
WANG Minrui, TAN Zhiyong. HE Dingding., et al.
Anti-loosening experiment of composite bolted struc-
tures under high temperature and vibration circum-
stance[ ] ]. Journal of Vibration, Measurement & Di-
agnosis, 2018,38(6):1169-1175. (in Chinese)
RETTEET SR E. & & AR S R4 1 12 N
FERI A A ke wE SR L) ). 1w & R K2 e 4k
2012, 44(6) :876-880.
MIN Changwan. TAN Zhiyong, FEI Qingguo. Exper-
imental analysis on connection stiffness of bolt for
thermal structures of composite material[ J]. Journal
of Nanjing University of Aeronautics & Astronautics,
2012, 44(6) :876-880.
LIUJ H. OUYANG H J, PENG J F, et al.

(in Chinese)

Experi-
mental and numerical studies of bolted joints subjected
to axial excitation[ J]. Wear, 2016, 346/347.66-77.
LIU J H, OUYANG H J, FENG Z Q, et al. Study on
self-loosening of bolted joints excited by dynamic axial
load[J]. Tribology International, 2017, 115.432-451.
k7R L XA 0 2 0E L A D B AR TR R AR i
Hesh R RS 3 AT R R 5T [T ], HLAL I AR % 4R,
2018(14) .74-81.

DU Yonggiang, LIU Jianhua, LIU Xuetong, et al.
Research on self-loosening behavior of bolted joints un-
der eccentric excitation[ J]. Journal of Mechanical En-
gineering, 2018(14):74-81. (in Chinese)

ZHANG MY, LUL T, WANG W J, et al. The roles
of thread wear on self-loosening behavior of bolted
joints under transverse cyclic loading[ J]. Wear, 2018,
394/395:30-39.

NASSAR S A, HOUSARI B A. Self-loosening of
threaded fasteners due to cyclic transverse loads[ C] //
ASME 2005 Pressure Vessels and Piping Conference.
Denver, Colorado, USA: ASME Pressure Vessels and
Piping Division (Publication),2005:169-187.
FUKUOKA T, NOMURA M. Proposition of helical
thread modeling with accurate geometry and finite ele-
ment analysis[J]. Journal of Pressure Vessel Technol-

ogy-Transactions of the ASME, 2008, 130(1): 1-6



1098 & oW K 5 2 W 5540

[16] 9B, & &%, O, 2. B 2 A 1E T2 2 [21] PAI N G, HESS D P. Three-dimensional finite ele-

B ShEmBE B s LT, ML TR ), ment analysis of threaded fastener loosening due to dy-
2018, 54(5): 173-178. namic shear load[ J]. Engineering Failure Analysis,
ZHANG Mingyuan., LU Liantao, TANG Mingming, 2002, 9(4):383-402.

et al. Research on numerical calculation method of [22] GONG H, LIU J H. Some factors affecting the loose-
critical load for bolt loosening under transverse loading ning failure of bolted joints under vibration using finite
[J1. Journal of Mechanical Engineering, 2018, 54(5); element analysis[ J]. Journal of Mechanical Engineer-
173-178. (in Chinese) ing Science, 2018 232(21): 3942-3953.

[17] SEGALMAN D J. A four-parameter Iwan model for [23] JIANG Y Y, ZHANG M. A study of early stage self -
lap-type joints [ J]. Journal of Applied Mechanics, loosening of bolted joints [J]. Journal of Mechanical
2005, 72(5): 752-760. Design, 2003, 125 518-526.

(18] LA, AP, R #hF, 4. T4 m R AR R [24] YAMAMOTO A. The theory and computation of threads
JZ BT IR R TE B S BOR I ()], RS 5 ekl 2014, connection[ M. Tokoy : Yokendo, 1980:80-92.

33(22) :35-40. (251 AUE Y0, [, o #0956, B 10 3R 3 4 1 SR 400 4%
JIANG Dong, WU Shaoqing. SHI Qinfeng. et al. Pa- BRI 5 B BF G L)1, WA K2 2 (AR
rameter identification of bolted-joint based on the mod- W, 2016(2):171-175.

el with thin-layer elements with isotropic constitutive LI Haijiang, TIAN Yu, MENG Yonggang, et al. Ex-
relationship [ J ]. Journal of Vibration and Shock, perimental study of the loosening of threaded fasteners
2014, 33(22):35-40. (in Chinese) with transverse vibration[J]. Journal of Tsinghua Uni-

[19] AR ZBBPE, B F=, 5. I F )2 50 o0 A 12 4 0 35 versity(Science and Technology), 2016 (2):171-175.
45 ¥ He foh T A 8 E S BOR AL ]. AR J1 4, 2015, (in Chinese)

32(4):220-227.
JIANG Dong, WU Shaoqing, SHI Qinfeng, et al. E—1EEBAHM, 5,195 4 2 A
A B, BEBEBER T o S
P

E-mail: hu@seu. edu. cn

Contact interface parameter identification of bolted
joint structure with uncertainty using thin layer ele-
ment method [ J]. Engineering Mechanics, 2015,
32(4):220-227. (in Chinese)
[20] HOU S Y, LIAO R D. Numerical simulation of self- BREMEEENHKED 19774 1 A
A BRI AR EEPF TR
[J]. Applied Mechanics and Materials, 2014, 487, 72 KA B J1%%

488-493. E-mail : qgfei@seu. edu. cn

loosening of bolted joints under cyclic transverse loads

1011101111011 1111011140111 11140- [ 1114111011110 1114011140111 1114111011110 1110110111140 1114111011110 1110111401110 1110111011110 1110 11140111140 1110111011110 1110114011110 1110111011111 [110- [0 1110- 101111 [19-][]] -] 1]| 91|

XRILIT B (#3512 B )

(YR 3l K5 12 185 ) el Tl A SR A8 1 A 2 U O R 2 A 2 ] g A ML T e B AR 0t 5 2 Bk
I R S WAR Bl | Bl A I 1 K B 2 W R T ) R I R B FE I I DL BRI . TR E A
LR Sl i 15 2 W o rR G (9 3 A B Ve D7 vk T BEA IS S I T TG 9 1 AR SCRR S A2 475 5 56 0 18
TR I BUAGE B TR D7 A0 AR SRR A5 5 20 A B Ak B 2 ORI S 2 BT L R AT SR A BT i
VARG v i o R A e R Bl T e T E

A2 EI Compendex $idh 22 Y53 391 TR rp SCAZ 0303 11 XOH T B 38 SO R AR B4 5E fr 30 J6. &2
AF 180 Jh. WY I8 AR AR - W AEAS T P8 £ 26T  MIBHEE B

2 E S ML < B AT TH A IE fT 29 5 S I i % : 210016 H1 6 - (025)84893332
£ H.:(025)84893332 E-mail: qchen@nuaa. edu. cn W4k http: // zdes. nuaa. edu. cn



6 3]

]

P S 458 1 AT A0 R MR A B e B i AR F

1099




