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Thread Extension Stress Analysis of Bolts under Pre-tensioning Conditions
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Abstract: It was difficult to accurately determine the thread stresses on the bolts under pre-
tensionsing conditions, which might lead to strength fracture and premature loosening of the threads,
and the reliability of the bolt joints was compromised. Currently, the contact state of the thread sur-
faces was usually described by stresses under an absolute coordinate system. However, the simulated
stress direction was at an angle to the actual thread surface. The analysis results were not intuitive.
Therefore, a thread mathematical model was derived and the extended stress analysis method of
thread contact surfaces was proposed. Then, the finite element model of bolt joints was established for
the structural characteristics of bolts. And the accuracy of the model was verified by tests. Finally, the
extended stress analysis method was applied to study the thread surface stress and the distribution
characteristics of bolts. The results show that the maximum error between the simulated preload and
the testing preload is only 5.78% ., where the accuracy of the simulation model is demonstrated. The
extension stress analysis method may reflect the continuity and monotonicity of the stress distribution
on the thread surfaces, and the method also reflects the optimal preload. The decreasing rate of the
stress on the same layer thread is inversely proportional to the stress. From the stress analysis, the
reason why the stresses on the thread are mainly concentrated in the first three turns is illustrated.
The thread extension stress analysis method proposed herein is more intuitive and accurate. The paper
may provide theoretical support for the anti-loosening analysis and reliability analysis of bolts.

Key words: preload; bolt joint; thread; mathematical modeling of threaded surface; stress distri-
bution
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Fig.1 Extended stress diagram
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Fig.2 Stress components diagram
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Fig.3 Cylindrical coordinate system
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Fig.5 Threaded tooth projection

P
Pi =P =
3P V3
TR 6)
P, = «/§()
_3
0= 1°
M1 T BA B— R4 B i B £ as 00
z:znfz/x, 721;*z,\r”+z” o
rp —7ra rp —7Ta
AR B2 0 T 1 24 M A 2, T 7
St = tany (8
rp —ra 2

o HIBSUCF R,
i (DA ) KL B BA By Rk A
®H
z = *rtan%JrrBtan%JrzB 9

re <r<ra

B B MRS #E B B s % R R T LA R
—ARIREL L UNIE 6 s . A Al bR R R IR e £k
2y BIR/ANSRAEL N = =0 I a1t i A
MAE ¢ AKX,

(ra’ P> zﬂ)

(r> 0, 0)
Be #EE&rEE
Fig.6 Helical line diagram
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Fig.7 High-fidelity model for the bolt joint
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Fig.8 Finite element mesh of bolt and nut
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Fig.9 Boundary conditions diagram
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Fig.10 Testing apparatus
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Tab.1 Testing data of bolt joint tightening

B/ (N m) | S A /kN|[ 3575 S5 /(N « m) | % FS1/kN
2.10 0.27 12.20 4.51
3.00 0.81 13.11 4.87
4.00 1.42 14.15 5.05
5.02 2.01 15.14 5.24
6.06 2.48 16.13 5.54
7.08 2.87 17.05 5.85
8.00 3.34 18.12 6.20
9.01 3.66 19.23 6.50
10.02 3.94 20.04 6.79
11.05 4.17 21.06 7.04
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Tab.2 Simulation data of bolt joint tightening

FrEIIHE/ (N« m) | B /RN 47 B/ (N« m) | B S /KN
2.01 0.33 12.00 4.68
3.87 1.62 13.99 5.33
5.98 2.81 16.08 5.88
8.04 3.50 17.91 6.56
10.03 4.12 20.11 7.14
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Fig.11 Comparison between test and simulation
3 R AT

3.1 BYmEMN AR SR

SCHRC27 109 4538y, SR A BB 20 i By g 2 22 4
FRTERT =R IR S b R, A S FEEH AT =2
BRECIN 7. SR TR I AT b AR R A 7 L K
IR AR ST IR 12 B )2 BT 44 .

[

B!

) X

E12 BErBgHSEREE
Fig.12 Bolt thread layering diagram
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Fig.13 Direct stress distribution in the second layer
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Fig.14 Extended stress distribution in the second layer
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Fig.15 Stress distribution diagram of overall threads

16~ 18 70l AR B T3 F T2 R RS0
BT F7 53 A3 B U0 T 50 A Ve AAR 1] 2 7 23 A
FEr R 8 1E R R R g I ) (R R 3R OR T
B ). MBI 16~ &1 18 o] LU Y, i % i % J)
4 38 R, SR ST = AN T7 1) B 478 R ) 2 B 2 B R

R SCERL 27 TP Y S5 PR — 2L
HE— 2L o T IRECTE BN ) U R LR T 1m) Y
AR PR R B MR SO g 2 U A R £ 12 T U
F Bk — 2 R B i i ) T B ) iR R R i Y
IS S d /0 o B HUREAS BEK ) ) — {7 R SR AT
it B 30T A0 R R S A 30 49 10 3 L R A X L A
P19 o SR ST IR R . Sy 35 P, ol LA L B3

(D F=10.0 kN (e)F=11.5 kN

E16 ARBMEHNTE_BRBEYEERASHE

Fig.16 Positive stress distribution diagram of second thread surface under different preloads

+ 929 -



REALAR TRE 5 36 % 25 5 ] 2025 4FE 5 A

N e S S
SUOICUTIOUIOUT OOOOOO

(a)F=2.5 kN (b)F=5.5 kN

(c)F=38.5 kN

—— — = — —
N
N

(D F=10.0 kN (e)F=11.5 kN

E17 AEBMEATE_BRBYLEVIEASHE

Fig.17 Shear stress distribution diagram of second thread surface under different preloads
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Fig.18 Radial stress distribution diagram of second thread surface under different preloads
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Fig.19 Extended stress trend diagram of threaded surface
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Fig.20 Extended stress decreasing trend diagram of threaded surface
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