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Fig. 3.10: Procedure of the modeling of contact force and slip displacement distributions.
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Fig. 4.1: Relation between rotation angle of contact surfaces and torsion torque.
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Table 5.1: Analysis conditions for an M16 bolted joint.

Fo [N]
N
Np
U
as [rad]
B [rad]
Fme [MM]
F'mb [MM]

lg(= ncl?/64) [mnf]

8000
60
60
0.1
/6
0.043277
7.47
11
1328.92

P [mm] 2
d [mm] 16
| [mm] 30
G [GPa] 76.923
E [GPa] 200
v 0.3
dg [mm] 12.8272

Ag(= nd2/4) [mn?]  129.227

Table 5.2: Thread and bearing surface slip constants.

ktlhread [m m/N]

kgea"“g [rad/Nmm]

8.5x10°
23x 1077

kihread [rayNmm] 1.6 x 107
Ky [rad/Nmm]

35x 108
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Table 5.3: Thread and bearing surface slip constants for M10, M16, and M24 bolted joints.

M10 M16 M24

kKbhread [mmyN] | 15x 104 85x10° 25x10°
kiread [raNmm] | 1.6x 107 16x107 50x10°8
K*"9 [raNmm] | 15x10° 23x107 50x10°8
ko [raNmm] | 1.0x 107 35x10®% 12x10°8
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Fig. 5.16: Dependence of nominal bolt diameter on the load-displacement relation.
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Fig. 5.17: Dependence of nominal bolt diameter on the rotation angle of the thread and bearing surfaces.
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Table 5.4: Thread and bearing surface slip constants for bolted joints with 2.0mm, 1.5mm, and 1.0mm of

pitch length.

2.0mm 1.5mm 1.0mm

kihread mmyN] | 85x 105 38x10° 19x10°
thread [ragyNmm] | 1.6x 107 1.0x 107 35x 108
k>
bearnd rragyNmm] | 23x 107 1.8x 107 1.2x 107
k,
ky [rad/Nmm] | 35x10® 35x10% 35x10°®

Transverse load [N]
Transverse load [N]
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Fig. 5.22: Dependence of pitch length on the load-displacement relation.
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Table 5.5: Thread and bearing surface slip constants for bolted joints with 0.10, 0.15, and 0.2@6@éabe

of friction.

0.10 0.15 0.20

Kivead [mnyN] | 85x 105 85x10° 85x10°
Kivead [ragNmm] | 16x 107 11x107 80x10°
Ko™ [ragNmm] | 23x 107 1.9x107  15x 107

ky [rad/Nmm] 35x10% 35x108 35x10°%

2000 2000

K - )/ i

Jj/a/v’ooo F f’

. /f/ . | ‘ fjr K

03 0.15 { / 0 03 0.3 0.15 { / 03
1000 | —1=0.10 1000 | =010

= p=0.15 -=p=0.15
=020 - 11=0.20

Transverse load [N]
Transverse load [N]

200

00 =2000——
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(a) FEM (b) Analytical model

Fig. 5.28: Dependence of ciieient of friction on the load-displacement relation.
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Fig. 5.29: Dependence of cdieient of friction on the rotation angle of the thread and bearing surfaces.

8000
— 7900 r
&
s
5 7800 r
s
@ 7700 —— Analytical model

-=FEM
7600 ' ' '
0 0.25 0.5 0.75 1 1.25

Transverse displacement [mm]

(@)u = 0.15

Rotation angle [deg]

Rotation angle [deg]

Bolt tension [N]

——Thread surface

—&-Bearing surface

L L L

0 0.25 0.5 0.75 1
Cycle

1.25

(b) Analytical model ( = 0.15)

0 0.25 0.5

8000

7900

7800

7700

7600

7500

—+Thread surface

—&-Bearing surface
.

0.75 1
Cycle

125

(d) Analytical model ( = 0.20)

I —*Analytical model
-=FEM
0 0.25 0.5 0.75 1 1.25

Transverse displacement [mm]

(b) i = 0.20

Fig. 5.30: Dependence of ceient of friction on the decrease in bolt tension.
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kihread10 < d < 24, P = 2) = -8.85x 10°°d + 2.34x 10°* (5.1)
Kihreadd = 16,1 < P < 2) = 6.60x 10°P - 517x 10°° (5.2)
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Z 12E-04 Zz 12804
: £
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Fig. 5.31: Linear approximation dg""ead,



os500000000 78

0000000000000 00000000000000000000000000000000
00000000000000000000000000 10%00001.4mnJ0000 Keadng
00 1.24x10°mmNO0D0000000000000 10%00000.1mnI 0000 Keadgnp
0 6.60x10°mmNOD0O00O0D0DD K 00000000000000000000000
0000000000000 00000000000000000000000000000000
00 K000 000000000000000000000000 5.3200000000000

goobogooobooobooog

kifread(10 < d < 24P = 2, = 0.10) = ~8.18x 10°d + 2.60x 107" (5.3)
kied(d = 16,1 < P < 2,4 = 0.10)= 1.25x 10 'P - 8.92x 10°® (5.4)
kiread(d = 16,P = 2,0.10 < pu < 0.20) = ~8.00x 1077y + 2.37x 107" (5.5)
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Fig. 5.32: Linear approximation dg""ead,
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Table 5.6: Analysis conditions for the experiment performed by Yamamoto et al.

Fb [N] 9800 P [mm] 15
Nt 60 d [mm] 10
Ny 60 | [mm] 20
u 0.17 G [GPa] 79.231
as [rad] /6 E [GPa] 206
Blrad] 0.052885 v 0.3
I'mt [MmM] 4.603 dg [mm] 8.97
I'mb [Mm] 7.5
lg(= ndg/64) [mnf]  317.790 | Ag(= nd2/4) [mn?]  63.194

Table 5.7: Thread and bearing surface slip constants for the experiment performed by Yamamoto et al.

kihread [mmyN]  4.2x 1075 | K"ead [rag/Nmm] 4.0x 10°8
K%M raggNmm]  38x 1077 |k, [ragNmm]  10x 107
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Fig. 5.36: Direction of external load described in [45].
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Fs= {(R fi cosa)? + (—F f; sing + R, cosB)?

[ (5.11)
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oboooboooooobooobooooooooooogbooooooooooobooo KOOOoOo
O000000000000000 FfO0D0000 e;»00000 B0O000O0O0O0O Ffisecr;segd
000000000000 00000000000000000000 pus00000 usF fi seca; se

ooooooboooboo rsO0O00O0OODOOOODOOOODOODOOOODObOO
Fs < usF fi seca; ses (5.12)

oooooooooooooboooooooooooboo bOooOoooooooooD

D, = sign(x) = sign(Fs — usF fi seca; seqh) (5.13)
O00Ox>00000 signx) = +1
x<0OOooo sign(x) = -1
x=00000 signx) =0

obooooooboooooboobooooboooobOoboooobobooooobooobooono

gooooooOoOoOooOoOoOoOOOODOOOOdrOOC0OC0C0rW000000O0O0O00O0000

dr; = {FsCoS@ng) x (1 - D1)/2} cosas + usF fi segB COS@ng) x (1 + D1)/2 (5.14)

000 Rng = tam (Ui /u) @ = Rf cosay [ = Rf,icoss — F i sing

O@GeUIIIID FRsO00D0D0DODOOCOODODOOOOOOIOOODOOOOODODODODO FsOOOQOQ
oooooooooooo0 FsODODOOO0O00ODODOOOO00OO0O0OODOO0OOODOOODOOD

0000000000000 dyO00000000000 u00000000000000
du = {FsSin(Ang) x (1 - D1)/2} cosB + usF i sece Sin(Ang) X (1 + Dy)/2 (5.15)
00000O0X-YOOOOOOOOOOOX-YOOOOOOOOOOOO0OO0O0O0o0O

dx = drj cosg — dy; sing
(5.16)

dy, = dr;sing + du cos¢;
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Fig. 5.38: Direction of the tangential component of the contact force distribution.
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Fig. 6.1: Classification of the loading mode applying to bolted joint; (a) transverse load, (b) rotational load,

(c) axial load, and (d) bending load.
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Fig. 6.2: Simple FE joint model [51, 52].
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Table 6.1: Evaluation of the FE modeling of bolted joint (5 ranks).

Modeling Reproductivity Easiness of modeling Computational time

Thread model 5 4 1
(a)Rivet model
(b)Spider bolt model
(c)Coupled bolt model
(d)No-bolt model

(e)Nonlinear spring model

a w B N W bH

5 2
2 3
3 4
5 5
1 4
3 4

Proposed model
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