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Self-loosening mechanism of bolted joints under vibration

WANG Wer, XU Hao, MA Yue, LIU Hai-ping
(School of Air and Missile Defense of Air Force Engineering University, Xi’an 710051, China)

Abstract
FEA model of bolted joints, taking thread into consideration, was built by using the software ANSYS. Applying the

Aiming at analyzing the self-loosening mechanism of bolted joints under vibration, a three dimensional

preload on the bolted joints by the method of dropping temperature, the FE transient analysis on bolted joints under
transverse cyclic excitation was conducted. The effects of transverse cyclic excitation’s amplitude, initial preload, thread,
bearing friction coefficients, and joints’ surface friction coefficient on self-loosening were investigated. The results show
that the complete thread slip occurs prior to the complete bearing surface slip under transverse vibration. The smaller the
excitation amplitude is, the greater the initial preload is, and the bigger the thread and bearing friction coefficients are,
the more difficult the occurance of self-loosening will be. The joints” surface friction coefficient has little relationship to
self-loosening, however, the larger joints’ surface friction coefficient makes the needed shearing force, which induces the
transversal vibration, larger. These are of great significance for understanding of fasteners’ self-loosening and anti-
loosening designing of bolted joints’.
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Fig. 3 The relationship between shearing load
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Fig. 4 The contact status of thread and nut bearing surface

PRICEAR T WA T Z T R BUR
I3 LR AL M Z LI 5o S AT, — 4 )
IR PR 4G 4 A, Jr 18 7% RE 1
R AR I
2.2 iRFHIEREX BN

Sy 2 A 6] IR Sl W (R0 WA A 3 4 1 AR st 2,
B {UESRZSH 6, 4 0.02.0. 1,0.2.,0.3.0. 4, #4714
TR AE X LS5 o 88 1 I 3l i (A ) e U 32 02K
TR L 6, i 6 F i, F{EN 0. 02,0. 1 I Hi X )
AR LT 5 AR AT, AU 3 2R 5/ ml 22
W% 5 RAEA 0.2.0. 3.0, 4 IFFIUER T340 2K Wtk , SR iR A
IR I IR Bl R R e A A ot TR AR 1] 4R 1
HRB—E A KR AR, X EEIEEO. 2.0.3.0. 4
IS ke A T 5 0 78 AR, A 1) 4 50 W S 51 5 7 48 2
PR A il iR S (AN ] o 5 U0 2 i [ T R LI 7
K7 & IR IEECR I BT VI3 ok

10.8 10.8 3
10.6 2

z 106 Z 104 E |

= 2102 0

w04 4g 10,0 —002 &

X X =93 B -1

102 B 9.8 0.2 =
9.6 =03 2

10.9 N — 9.4 3 .

0 005 0. 015 02 025 03 035 0 0.05 0. 015 02 025 03 035 04 02 0 02 0.4

t/s

KIS BRAHIE A7 R )22 fl 26
Fig. 5 Residue
preload VS time

2.3 WARBE N K3 BRI

P BRI IE BB 0 /N ok R A 4 R SRR
D5 F A ACAE S 20 A i EAT A TR /N BUER , BEI 46 B
5S35 509 3 kN (10. 73 kN 21. 32 kN 29.93 kN {7

under different amplitudes

t/s

K6 HRiEA R R U A2 L £k P 7 R AN [ S B L) 28 g i ]y £
Fig. 6 Residue preload VS time

Fig. 7 Shearing load hysteretic

curves under different amplitudes

AR HR T X EET L 00 TSR AN [ s 43 2k
BHar R I 8. K 8 B, Wit B N
TR 1) I 5 P A T 2 028 0 2 1 0 BN e
ATy K BRI o R0G TSR AN () B B D) 28 i (2]



5522 1

FRCEF RSN T DT SRR B A AR S HLER 5T

201

ZEOLIE 9. IR ORI, A0k B R BT 4 A i ]
HZC AR 5 L A, 2 ) — 5 41k i T 4 5 1) 28 7

IR, o A 42 T 5 1 BRI B K, A ) K
T HAAEL

0 005 0.1 0.15 02 0.25 0.3 035
t/s

K8 ARWILGHIE T
IREPNIER e it
Fig. 8 Curves of losing preload

-0.1

percents under different initial preloads

2.4 PEREHX BRI
2,41 FEEERE w, SR REE R A b

R SRR G £ T JEE 45 R SO0 8 I 2 P st Y
M ANAE S EL w, 4 0. 05.0. 1.,0. 17,0, 2 FEF7 A [F] 12
LB TR PR RUBC ) H A B o AN (] SR S0 £ T JBE 442
DRSS A% 2% T 55 ot i (] A8 Ak i 26 DL &1 10, 1] 10
Bitu, 4 0.17.0. 2 B ) H B EEARHLE H 1,
9°0.05.0. 1 B350 %5 ) °F ek B Sl E 8 W I, MR 0k 45 T
JEE $ DR KR R 48 7 R, WA 328 M % A A it o
AN [ MR ik A5 T JEE 452 DR 5 i B 1) 28 g i [ i 28 L
1, fHE 1L F W, 8O EY) 2 A IR 8K, (H 22 R
A, 50 T 8 RS 48 DR 0T WA 322 427 1) R ] XN B 52 g
BN,
2042 PEAEDRIBL w, X IEHE T RE B RA TR I

R 5 MBS 7R T R BB R AR M TRT TR 4 TR B, R
IR A AN TR FZ I (B LS 5w, 4 0.05.0. 1,
0.17.0. 2 JEATAN R EEHE2 R e, FAOX LU BL, AS[R] 2R
PERA p, BB AR TR ARt & WK 12, BB 12 &

, ;
6
5 3
2
54 é 1
R 3 R0
o 21
Fﬁl kEF-\'g
0 -4 _
1 02 N

(ICIMN GRS =il
L1 i (1] T 2%
Fig. 9 Shearing load hysteretic curves

under different initial preloads

0.3 0.35
t/s

BI10 AT g IEERAYTRSE T
AR 26
Fig. 10 Residue preload VS time
under different u,

Hop, 90.1.0. 17,0, 2 i ey /N S0 SRBK 5 1,
J0.05 WU S AL IIAFF G M 5 HAdL 0 2L
SERARYE (TP BE U B RS SR i R A, T P AR S
BROGOT B e Sk IR [ ol 5 3 R BR A, AN [R] T JHoA
PIEL ASPRA AR Sk SO EE B Hy B2 | R s T EE 45 DR 4
AR /NI, MR 5 328 B B BOR X RS AR D, WO
U SRV U3 | S N N i X 7355 QTR UL R E=
fapiits BT ZE LT 13, A 13 %ﬁ,@%ﬁﬂQ N
X MR A T AR 1o P BE R MR /N
2.4.3  PEPEDRIR s XoF BRI A AR A

BN SH w, 4 0.05.0.1.0.17.0. 2 FEATA[G] BE 4
IR s BOXS B L AN [ R DR s BB BUEE T
AEHEER DL 14 di 18 14 & SR A g X0 7 TSR
VA KB [] , RIVE fia) 9% 15— 2 o s X R AR 422 A1
FASIRZMA AR /] o AN [5] JEE 458 DR REC s BV 170) B 47) 2804
[ 2 DLIE 150 Hi & 1S AT, s AR BT U2 A7 [l iy
LRYNAR BRI BB o 1B 4 5 TR 452 DR 3B M A 1
A 1 WSSO , IR S A AN By A A ARt

S —
D

BTYIEAT /KN
- S
(O B

—_
W

-0.1 0

(310 W N TS %) = g T 2

Fig. 11 Shearing load hysteretic curves

& 12

under different u,

0.05 0.1 0.15 02 025 03 035

ANy IR ATUE 1AL A 2K
Fig. 12 Residue preload vs.

time under different u,

-0.2 -0.1 0

t/s
BI13 AN wy IF D)3 A7 i (o] £
Fig. 13 Shearing load hysteretic

curves under different w,



202 & s 5 &

2014 4E45 33 %

10.7
10.6

10.5¢
10.4

TR SN

0.15 02 025 03 035
t/s

10.3 , .
0 0.05 0.1

Bl 14 A s R TR AR A 25
Fig. 14 Residue preload vs. time under different u,

N — O == N W

02 01 0 o1 02

BILS AN g IS D) AT i [0 £
Fig. 15 Shearing load hysteretic

curves under different p,
3 48 i

ARSI BRIT T 123008 32 A 1) 91k 3 ) R e 3 1 E1 A
S AT, E RIS ] R W46 TR ) R Sk
B THIT VR 4 PR30 MR S 5 MR R . T JBE 4 PR 80 % o
Wt i BE A DR RO AR S e 1 P S ) L SR ANT
(1) BRS0MGA 1] SR R 18R T # Al S B0 4 )
A RO  ThT 5¢ 4 % 56 TR R T .
(2) YR MR A 4 42 8 ) & A 8 A st 5 ) i
B THOHAR R T FOBRN, R i e O B kA B
A il MRS 5 THT B s T JBE 4% PRI 308 MR A 2 4
ANy KA B 3l 5 3 B 2 T PEE 458 DR 800k AH [ 4R 1
() RS AN DR, Xof MR A 3 R 1 ) B S e K o
(3) BB 425 P BT DG S 75 TE B AR MR 2 W
A T EAGEIR A S s T B 8 MR 285 5 AN 532 T R e 3 4
SR JEEAR OO T R R Tl B KA 46 05 0 5 7 AN 532 Wi MR
T ) A3 A B G%E 4 ) A PR RE S A AT T S
MRS BT EE
& X X w
[ 1] Yang X, Nassar S N, Wu Z. Criterion for preventing self-loos-
ening of preloaded cap screws under transverse cyclic excita-
tion[ J]. Journal of Vibration and Acoustics, ASME, 2011,
133(8): 1 —11.
[ 2] Junker G H. New criteria for self-loosening of fasteners under-
vibration[ J]. SAE Trans. , 1969,78:314 - 335.
[ 3] Pai NG, Hess D P. Three-dimensional finite element analysis
of threaded fastener loosening due to dynamic shear load[ J].
Engineering Failure Analysis, 2002,9:383 —402.
Nassar S A, Housari B A. Effect of thread pitch and initial

tension on the self-loosening of threaded fasteners[ J ]. Journal

[4]

[12]

[13]

[14]

[15]

of Pressure Vessel Technology, ASME, 2006,128 (11) :590
-598.

Nassar S A, Housari B A. Study of the effect of hole clearance
and thread fit on the self-loosening of threaded fasteners[J].
Journal of Mechanical Design, ASME, 2007, 129 (6) : 586
-594.

Housari B A, Nassar S A. Effect of thread and bearing friction
coefficients on the vibration-induced loosening of threaded fas-
teners[ J ]. Journal of Vibration and Acoustics, ASME, 2007,
129(8) :484 —494.

Nassar S A, Yang X. A mathematical model for vibration in-
duced loosening of preloaded threaded fasteners[ J]. Journal of
Vibration and Acoustics, ASME, 2009,131(4) .1 —13.
Yang X, Nassar S A. Vibration-induced loosening performance
of preloaded threaded fasteners [ C]. Proceedings of PVP,
ASME,2010.

Yang X, Nassar S A. Effect of thread profile angle and geome-
try clearance on the loosening performance of a preloaded bolt-
nut system under harmonic transverse excitation[ C ]. Proceed-
ings of PVP, ASME,2011.

Yang X, Nassar S A. Analytical and experimental investiga-
tion of self-loosening of preloaded cap screw fasteners[ ] ].
Journal of Vibration and Acoustics, ASME, 2011,133(6) : 1
-8.

Zaki A M, Nassar S A, Yang X. Effect of conical angle and
thread pitch on the self-loosening performance of preloaded
countersunk-head bolts[ J ]. Journal of Pressure Vessel Tech-
nology, 2012,134(4) . 1 -8.

Jiang Y, Zhang M, Lee C H. A study of early stage self-loose-
ning of bolted joints [ J ]. Journal of Mechanical Design,
ASME, 2003,125(9) :518 - 526.

Jiang Y, Zhang M, Park T W et al. An experimental study of
self-loosening of bolted joints[ J]. Journal of Mechanical De-
sign, ASME,2004,126(9) :925 —931.

Jiang Y, Zhang M, Lee C H. Finite element modeling of self-
loosening of bolted joints[ J]. Journal of Mechanical Design,
ASME,2007,129(2) :218 - 226.

FPHA RV B A, G5 LT HL S N A S LA
FABIARSIN 1 4 0F 5 [ T ] 4k 8l 5 wh 7, 2007, 26 (10) = 157
-160.

WANG Dan-sheng, ZHU Hong-ping, LU Jing-jing, et al.
Experimental study on detecting loosened bolis of a steel
frame based on piezoelectric adm ittance[ J]. Journal of Vi-
bration and Shock, 2007,26(10) ;157 - 160.

W)™ e W s it BT A BRIT R —FioR RLREE A B
PAPLERBFFE (1], TR 2% ,2010,27(12) :224 -228.
YANG Guang-xue, XIE Ji-long, XIE Yun-ye. Study on mech-
anism of anti-loosening of a new type of nut based on FEM
[J]. Engineering Mechanics, 2010,27(12) ;224 -228.

Pai N G, Hess D P. Experimental study of loosening of threa-
ded fasteners due to dynamic shear loads[ J ]. Journal of Sound
and Vibration, 2002,253(3) :585 - 602.

Brdh, SBTER R AR IR ES S9N Gy ik SO RIS
[J]. 4 TRER 224417, 2010,22(2) :20 - 24.

JIN Jing, WU Xing-yue ,ZHENG Jian-hua. Bolt joint prestress
load adding method based on transient analysis[ J]. Journal of

Naval University of Engineering, 2010,22(2) ;20 —24.



