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Study of Bolt Pre-tightening Process Based on Simulation
With Thread Details
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Abstract: In this paper, the finite element model with thread details is used to simulate the bolt
pre-tightening process. The influence of friction coefficients and supporting structure materials on
the torque coefficient, forced deformation of bolt and the forces distribution of threads are studied.
And the method of calculating relative stiffness coefficient of bolt according to the bolt deformation
is provided. Compared with traditional theory and experiment, the results show that the
simulation based on the accurate model can reflect the pre-tightening process, and improve the ac-
curacy of the bolt preload design and strength checking. It provides an effective solution for accu-
rate design and verification of bolt pre-tightening of complex connection structures.
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Fig. 1 The force analysis of the nut on the thread surface
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Fig. 2 Three dimensional model of the calculation
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Tab. 1 Comparisons of the results of different friction coefficients

k
RV f1 [ M U, P, M,
15 E AT B (i b el

1 0.1 118.7 0. 04033 54970 61.78 0.1349 0.1272
2 0.1 0.2 175. 4 0. 04031 54930 61.72 0.1996 0. 1907
3 0.4 288. 7 0. 04026 54850 61.62 0.3290 0.3176
4 0.1 166. 4 0. 04003 54560 109.9 0.1906 0.1764
5 0.2 0.2 222.7 0. 04001 54520 109. 8 0.2553 0. 2398
6 0.4 335.0 0. 03996 54430 109. 7 0. 3847 0. 3668
7 0.1 260. 8 0. 03947 53760 205.1 0.3031 0. 2756
8 0.4 0.2 316. 1 0. 03944 53710 205.0 0.3678 0.3391
9 0.4 426.7 0. 03939 53630 204.7 0.4972 0. 46601
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Fig. 5 With f, fixed, comparisons of k with f, change

curves between theory and simulation
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Tab. 2 Comparisons of the results of different support materials

k

3B T fi S kL M U, P, M,
FEAHTE B EE
1 2A14 118. 7 0. 04033 54970 61.78 0. 1349 0.1272
2 > > 30CrMiSiA - 158. 1 0. 05377 74500 83.75 0.1327 0.1272
10 2A14 175. 4 0. 04031 54930 61.72 0.1996 0.1907
11 ! > 30CrMiSiA  232.2 0.05372 74420 83. 62 0.1952 0.1907
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Fig. 8 Force distribution curves of threads



%5

75 JE R LU T A SR AR TR S RO B AT AT Y 55

SER MR AR TR B, R R B b, AR nER A
6] 3% S35y e RS . 25 1 FINB S0 k. kR
55 2 MR —4n . SRS AZ T4y B S e R
MBI — & X R, MBS KRG, AN,
Bplrh, WOEBEMECE 2A14 A1 30CrMnSiA B,
B — FITIR R 7K 32 0 B 43 i) 3k B0 S B e 1Y 22 00
2650 5 ER AN 4R R Y fe K AR IR B R R AT Y
SOV HUHEAH Y5 JF SR A IR SRy VIR i, 8
W2 SR 37 T (R ¥ S P BURSCEL n = 3 AR
—.

4.5 ERERENNERSITE

TR Bty R TR S A2 B A AR

— ARG (6) i EBRARFERWE S P KD
i e SR AR Z BN LT P sy (P > 0D

P=P,——kF )P, (6)

Py =P+P,..=P,+kP,, (7

K P FAMEGTE T IR e KAL), ke

BB XS I RE R B
Feo FROR/IN 5 8RR B 3 4 AR B BEORL L 45 A A
SRR FH AL B DG, TR b — AR 4 20 06 1 K

iR (%) i

— Co

‘ CF +CI
A, Coo Cr 40 3 SR 16 Hir Ao I 2 0 b o 22 1
(0 45 W B P T o 0 R MY A 2R R B Al R
P, TR TT L A R, BB S AR LT
B, N T R A6

T AR O B 0 7 45 SR, T S B B A A
W =B, HAR BT .

D) MREER R Z W HE ) P, MK E U, i
HIZKERINIE . C, =P, /U, ;

2) MWYRHLFE AR 0, T A R R B, 5 A X
BERE U =0p/360, Mol LUBH E 9% 7% 45 18
i U, =U —U,, MM ) AR 46 5] i
BGERIFRIE Cr =P, /U,

3) DT AT A5 A4 AR X6 W B R 8K
¢, U-—U,

C.+Cr U

7 B RAR I 3T 8077 5 35 1 WA 4 Xt 1) X

W3, ERIEES R, RRImZER 14. 4%,

k ¥

k. 9

®3 EiF{FEMBEEXRE R

Tab. 3 Comparisons of relative stiffness coefficients of bolt in theory and simulation

CL CI‘ kr
43 Hr T80 S e Rk P AU, " — — —
15 FLAH TR H 1 ELAH 15 FLAH
1 2A14 54970 0. 03379 1626691. 4 1030003. 0 0.6123
0.1 0.1
10 30CrMiSiA 74500 0. 04530 1644628. 6 1865532. 7 0.4685
1861069. 1
3 2A14 54930 0.03377 1626439. 9 1027881. 7 0.6128
0.1 0.2
11 30CrMiSiA 74420 0. 04526 1644419. 2 1861120. 0 0.4691
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