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Estimation of Contact Stress Distribution Factor
in Bolt Joint with variable Fastening torque

J. H. Song*, J. K. Kim*, H. Y. Kang*, S. M. Yang*

f |

1 Abstract i

Most of mechanical structures are combined of substructures such as beams and/or plates. There
are few systems with unibody structures but are many systems with united body structures. Generally
the dynamic analysis of whole structures is performed under alternating load. In the structure design,
the analysis of each bolted joint is more important than others for zero severity.

This paper presents the analysis method of contact stress distribution factor in the bolted joint with
variable fastening torque on joints in the structure. At frist, a static vibration test was performed to
find out a nominal stress of bolt jointed plates from the relationship between natural frequency and
nominal stress. Then a contact stress was computed at contact point between bolt and plate in the
structure. It is believed that the proposed method has promising implications for safer design with
index of contact stress distribution factor and has merits for cost-down and saving time at the
beginning of vehicle development.

keyword : bolt joint(ZE ZA%H), fastening torque(MZ3), nominal stress(FH-E¥), contact stress(F
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CSDF = qp-Zmex (2-1)
Uref.
a : Hole or surface condition factor
B ' Hole filling factor
Table 2-1 Hole condition factor - a (7]
Fillet radii 10-15
Standard hole drilled 1.0
Broached or reamed 0.9
Cold worked holes 0.7 - 0.8
Table 2-2 Hole filling factor - 8 (7)
Ovpen holes 1.0
Lock bolt(steel) 0.75
Rivets 0.75
Threaded bolts 0.75 - 0.9
Taper -Lock 0.5
Hi-Lock 0.75
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Total length 700mm
Thickness 6mm ] 4mm
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Width ( B) 205mm
Young's Modulus( E) 21087.7 kgl mm’
Poisson’s ratio ( v) 0.29
Density (o) 78X 10E-6 kg/mm’
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Fig. 3-1 Actual structure
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Fig. 3-2 Analytic model under forced vibration
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Fig. 3-3 Equivalent model of Fig. 3-2
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Fig. 3-4 Frequency-dependent stress parameter“m
4 Zi 9 E 9

A28 E TONmolA 10Nm7H] 10Nm¥ 3| # 7}
WA Fig. 3-1, Table 3-13 22 AFAA s FA
T AEE P,

Fig. 4-12& E£E AZ¥o| YoldsE 1/AFF 7
280 F7IEE A HoFa gt 2fZAM F2EY
Azt glo] nR2FF7E Walehe olfE AdHY
AsteA dRE F dEE duig.

18
16
14
12 |
10
8

Reduction of Natural frequency(%)

6
4
Pt
0

L L n L

0 10 20 30 40 50 60 70

Fastening torque(Nm)
Fig. 4-1 Reduction of natural frequency with
fastening torque on a bolted joint
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Fig. 4-2 Concentration stress with variable
fastening torque
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Fig. 4-3 Contact stress distribution factor with
variable fastening torque
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Table 4-1 Contact stress distribution factor

Fastening|
torque

ref. 50Nm|
CSDF

10Nm | 20Nm | 30Nm | 40Nm | 50Nm [ 60Nm | 70Nm

20%
17.81

40%
13.71

60%
12.63

80%
12.36

100%
12.13

120%
12.13

135%
11.67
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