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Strength Design of Bolt Joints for an Open Frame Structure
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Abstract

An open frame structure is fastened by bolt joints for strength and shock attenuation. Therefore the full
finite element model of an open frame structure should be properly modeled including bolt joints for strength
analysis of the frames and joint assemblies which are operated under multi-loading conditions such as driving,
drop, inertia and torsional loads. Then the joints and frames must satisfy the specified allowable strength
constraints. Because the full finite element model has a large number of elements to perform strength analysis,
a detailed fine bolt analysis seems to be very expensive. Therefore bolts of the full finite element model are
approximately modeled by constraints equations to constrain degree of freedoms between adjacent nodes.
However, the constraints equation method can exaggerate stress results at the constrained nodes. Thus a
detailed bolt analysis and a theoretical/experiential formula of bolts for a worst bolt joint are performed using
reaction force applied both bolt and bolt joint. Finally, the results from the two methods are compared and
discussed to verify the safety of the open frame structure.
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Fig. 1 Frame-panel structure
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Fig. 2 Full finite element model of frames and joints
using shell and solid elements

Fig. 3 Connection of other frames using beam elements
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Fig. 4 Shape and layout of frame and bolt joint models

Fig. 5 Bolt joints of full finite element model

Table 1 Material property of aluminum and steel

Aluminum Steel

Young’s modulus (GPa) 71.9 200
Poisson’s ratio 0.33 0.29
Density (kg/m°) 2850 7850
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Table 2 von Mises stress results with respect to
various loading conditions
Aluminum & Steel
Load Al (330Mpa) St (1000Mpa)
Driving_1 2472 5551
Driving_2 2481 5554
Driving 3 1254 3132
Driving 4 1252 3136
Driving 5 1133 2914
Driving_6 1131 2910
Drop 2760 8761
Inertia_FR 1269 2199
Inertia RL 3505 7226
Torsional 1 109 279
Torsional 2 110 279
Torsional 3 94 239
Torsional 4 95 239
Unit : MPa
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Fig. 6 Location of representative bolt joint
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Fig. 8 Finite element model of bolt joint

Fig. 9 Procedure and stress distribution of detailed
bolt analysis
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Table 3 Comparison of maximum stress on the joint
by theoretical/experimental
detailed structure analysis

formula and

Bolt (MPa)

Head(MPa)

Joint(MPa)

Empirical
Formula

446

899

272

FE
Analysis

515

760

270

Error (%)

15
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0.7

olo

3@ 2 % o

o 2 o
TP e

~~

ul

N

o,

)

1
S
ox

=

(1) Samaam Ladkany, Brendan. J. O’Toole, Qunli Liu,
Kumarswamy Karpanan, Masoud Feghhi, Karthik
Doppola, A. Frydman and TingHo Li, 2005, “General
Ballistic Shock Modeling Issues(Task BS-3),”
Technical Review.

(2) Mohamed B. Trabia, Brendan. J. O’Toole, Samaam
Ladkany, Jinhua Huang, Jagannadha Rao Naraparaju,
Umakanth Sakaray, Srujanbabu Sridharala, Morris
Berman, Michael Minnicino and Sarah Wolf, 2005,
“Vehicle Joint Design for \Vehicle Joint Design for
Shock Mitigation (BS4b),” Technical Review.

(3) Hong Seok Lim, Hong Hee Yoo, Hak In Gimm and
Man Hoi Koo, 2008, “Study of Impact Energy
Propagation Phenomenon and Modal Characteristic of
an Armor Vehicle Undergoing High Velocity Impact,”
4th Asian Conference on Multibody Dynamics 2008,
pp. 285-291.

(4) Norman E. Dowling, 1999, “Mechanical Behavior
of Materials.” Prentice Hall, pp. 245~273.

(5) Robert C. Juvinall and Kurt M. Marshek, 2006,
“Fundamentals of Machine Component Design,” Wiley,
pp. 399~402.

(6) John H. Bickford, 2008, “Introduction to the Design
and Behavior of Bolted Joints,” CRC Press, pp. 41~48,
219~247, 443~466.

(7) Robert L. Norton, 2000, “Machine Design,”
Prentice Hall, pp. 875~940.

528



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


