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Abstract

When tightening large number of bolts, the torque coefficient, friction coefficient, and tightening torque have a significant effect on the
variation of initial clamping force. The friction coefficient is affected by the lubrication conditions during tightening, and the tightening
torque is the product of the distance to the force point of a torque wrench and the force acting on the wrench, each of which is considered an
independent variable. Although there are many studies on the friction coefficient and torque coefficient, however the variation of tightening
torque has not been studied in detail. In this study, the variation of tightening torque is examined. First, the effects of errors in the position of
the force point and direction of the force of the torque wrench and the tool itself on the tightening torque are examined. Next, the influence
on the variation of tightening torque based on the tightening operation, i.e., human error, by three workers who performed a simple tightening
test is examined. The variation of the tightening torque based on the results of the test was organized as a 90% confidence limit.

Key Words: Machine Element, Bolted Joints, Tightening Torque, Torque Coefficient, Tightening Coefficient, Tightening Work Coefficient,

Friction Coefficient, Initial clamping force, Variation of Tightening Torque, Calibrated Wrench Method
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Fig. 1 Relation between tightening torque and clamping force
(conventional method)
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Fig. 2 Error (variation) of tightening torque
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Fig. 3 Indication of maximum and minimum initial clamping force
due to variation of axial force coefficient k and tightening torque T

Fig. 4 Analysis results for tightening coefficient Q
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Fig. 5 Example of experimental results for tightening coefficient

Fig. 6 Tightening operation

Fig. 7 Error in grip length
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Fig. 8 Error in grip pawer angle
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Table 1 Analysis result of human error
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Fig. 9 Test setup for tightening test on bolted joint

Fig. 10 Data detector used to obtain tightening characteristics

Fig. 11 Comparison between tightening characteristics of bolt
shaft gauges and detector gauges
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Table 2 Orthogonal Latin squares Lg(27)

(factors and levels) and linear graph

Table 3 Target tightening torque and tool (wrenches)

a) Axial stress

Torque coefficient (Nut factor)
Fig. 12 Observation of the tightening characteristics
in tightening and loosening processes

Fig. 13 Frequency diagram of torque coefficient (Nut factor)

Fig. 14 Frequency diagram of axial tension factor
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Table 4 Analysis results for tightening characteristics (overall)

Table 5 Analysis of variance table
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Table 6 Tightening work coefficient a by experimental results
a) Human error (90% confidence limit)

b) Effect of lubrication conditions (90% confidence limit)
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Abstract
Flange bolts and bolts with captive washer are often applied in automotive parts. When designing bolted joints, a contact stress at the bearing

surfaces is also a consideration. In conventional study, the contact stress distribution and state of deformation vary depending on the bearing
surface angle and thickness of the flange bolt and the thickness of washer of bolts with captive washer. However, it seems to be few reports
comparing flange bolts and bolts with captive washer. In this paper, in order to contribute to fastening design, for the contact stress distribution
and deformation distribution at bearing surface, be compared flange bolts and bolts with captive washer using FEM analysis. In addition, the
difference between the contact area and the gradients of displacement at contact surface are discussed.

Key Words: Bolted Joint, Stress Distribution, Washer, Finite Element Method
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(a) Flange bolt (b) Bolt with washer

Fig.1 Schematic bolt joint using flange bolt and bolt washer
assemblies
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Fig. 2 FEM analysis model of the bolted joint

E £

odb=12.6mm E E odb=12.6mm E
£y T
— =

0

o
pds=7.18mm ‘ ods=7.18mm -
w Al
bR ©dh=9.2mm \,é
¢Do @Dow o

(a)Flange bolt (b)Bolt with washer
Fig. 3 Dimensions of models for FEM analyses model
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Table 1 FEM analysis specifications

Table 2 Number of nodes,Elemes

@ Do Number Of Nodes | Number of Elements

Flange 16 8959 8723
bolt 18 9036 8790
20 9341 9091

@Dow | Number Of Nodes | Number of Elements

Bolt - 8631 8397
Washer 16 618 569
18 788 729

20 958 889

Number Of Nodes

Number of Elements

Clamped part 23687 23430
Table 3 Material Properties
Young’s | Poisson’s
. . FEM
Material | modulus, | Ratio, v model
E [GPa] [-]
Bolt Steel 206 0.3 Elastic
Washer S45C 206 0.3 Elasto-
Clamped part A5056 72 0.3 plastic
1000
900 S45C A5056
800
— 700
£ 600
2
p 500
< 400
9300
00 7
100
0
0.00 0.01 0.02 0.03 0.04 0.05
Strain

Fig.4 Elasto Plastic diagram
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Fig. 5 Stress distributions at the bearing surface
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Abstract

It is well known that bolt loosening easily occurs when a bolted joint is subjected to repeated transverse displacements. Some papers deal with
the bolt loosening rate (a reduction rate in the axial bolt force) using Finite Element Method when a single nut, double nuts and so on. However,
the discrepancy of loosening rate is so big between FEM results and the experimental results. In the present paper, the bolt loosening
characteristics of bolted joints with four types of nuts, that is, single nut, double nuts, nut with spring plate washer and nut with flange are
examined using FEM calculations and Junker’s type testing machine. As a result, it is found that the loosening rate is maximal when a hexagon
nut with flange is used. Then, the order of loosening rate is observed as joints with single nut, with double nuts and with spring plate washer.
When the double nuts are used, it is found that the loosening rate decreases when the relative torsional angle of upper nut increases. When the
nut with flange is used, the flange is rotated with the nut together, while the spring plate washer is not rotated when the nut with spring plate
washer is used. FEM calculations are done to obtain the loosening rate for the joints with above types of nuts taking account of the effects of
flatness (inclined surface) and surface roughness (contact area ratio at the bearing surfaces and engaged threads). The bolt loosening rates
obtained from the FEM calculations are well coincided with the measured results.

Key Words: Loosening, Bolted Joint, Repeated Transverse Displacements, Double Nuts, Spring Plate Washer, Nut with Flange
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Fig.3 Four types of nut parts used in the study
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machine ( Fr=12.5kN)
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Fig.9 The comparison of reduction and flank load ratio in bolted
joints between the double nuts and hexagon nut (nut height X 2)



ARLTWD. LTy EBRREEFICHR 4 IS LT
WBHZEERLTWA, X9 E K TR X O%na Uil
HoMRIZET 2470ty b (K4d) &F vy bEEE
25 LIEAAT Y b (K 4c) OBEAEORBERT. K

9(@)IF I el S Te AV M) Bl Fe DAL D i A ok

RRED 2 M 0 R UshiE A 28005 N %, fEshix ik ooib Sz
ARV Nl FIFs Z2r9 (Fr=12.5kN). ¥ 7 V7 > M FERER
DLE, BE%&2fEL Lz v MR I D FIF OENR
RPREVWILERLTND, IIZITD AV LEICE
T BE R CILORESHEE RS, HEEmA R Ey HE LR
L, BIizoanhRUEon Ul sz2md. Emmi<
DRLCWUARTCILFEES Nol THE. 2BE Ty hDih
CI%E S No6iZ Ty hé bk y hoEEEmOED, AL
IWAFELR. 20k, RfEiediiz s L, Qi
FZH No7 LV EoRhUCIuTiIxF7rry holFnEs 2
FOTy FOENLDORORENZEEZRL TS, K10

TiFDE VI T4 U i flim o il ms o4z =9,

X 10(@)ix ¥ 7 vF > FOBHED 1) PR MR &
2) FERALE (s=0.35mm) TOHEME ) /046 %, X 10(b)ix
vy b (BE 2% OBEOENTNDIE TS

1) Initial clamping state 1) Initial clamping state

2) S=0.35mm 2)S=0.35mm
(a) Double nuts (b) Hexagon nut (nut height x 2)
— E— [ MPa]
-36 -28 -20 -12 -4
-32 -24 -16 -8 0

Fig.10 Axial stress distributions at the engaged threads (double
nuts)

1'02 T T T T T T T T T T
l N\ )
oA —A— A A A A A A&
R R i o SR S S S
0.98r \v 1
B R0
L‘L— - -
-
w 0.967 1
—&—— Uppernut : 1°
0.94} |- - Upper nut : 10° 1
| |--------- Upper nut : 20° |
——-A——. Upper nut : 30°

08—

5
Number of repeated cycles N
(a) The comparison of the reduction in the axial bolt force

H A7 UHF i = WF9tim SC4E, Vol. 2, No. 3, 2024

D —KERT. FEHSOHETBWT, HHEA S
MM AIERIZE LERIZRFMIZBRAt vt oM
WCEWEMIS IR RAET A ZLEZREB LTS, ZORT
IS DR P HICEE L TWE EEZOND. R
B AL N IRIE oa BB HRIEN E 5 2 T2 L 2 DR
TRAT D EEMIE T o >SRNV N FERE RS )
o0 W, T78bb, ca=or-o0&TH. ZOHAT
VR ETI E AL T RIE XX 10(a) TiX 10MPa (¥ 7 v
v b)) BEOMX 10(b)TIE 14MPa (3> Z v F v b, &E 2
) THDH. ZOME, XTIy MESEIZY )
v MR T AW EFT 2509,

X 11 xR TRy Mok s By MicE x 72 0E
WA EE N R ST SN =RV Ml FIFe (K 11() B &
WD EWR UM TORESHER (B 11(b) 1T XTI HE
%9 (Fr = 12.5kN). X 11@IcBW\WT, EF v ofas
B ENRRKE L RDICONT, B TENL D /S
BT ENRENTVWAS. RLITEFT v bOMHKRTHEIEEA
Wk D oa DIEZERT. BT v b OMERAEEE A2 30°
DBEIT oa DEDPIKB/AE V. ZHIEIK 11(a) D5 H &t
LTS 1O WTEty ETFF v ol
(RUILEE 6) CRESHEIENRKICR->TWVDS. Lk
Mo, EFy el R&EMmEHTLZEICEY, By
Ty bOEMMmIEMm < BRI, TR L THE)
WAL ONE TRV PR UEIEEI »ELND. T
B, TobVR UM EMOMESEEN LH L, RPTEHE
JEARNE ca N E BT LT EEBEZ BN D, JRFTEMG S
IRIE oa DRI T 5 & DA Z BB IS
5. Flm, FINLFT v bOFEDDDLHRIL, LT v FR
FICHELTEY, EFy ME L REIFHT 2N L
DL NEEZBND.
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Fig.11 Effects of the relative upper-lower nut rotations on the reduction in the axial bolt force and the flank load ratio
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Table.2 The values of ga for each nut type

Oa [ MPa]
Hexagon nut 46
Spring plate washer 38
Hexagon nut with flange 49
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Fig.16 The effects of flatness error and contact surface ratio on reduction in axial bolt force
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