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ABSTRACT

In order to design and manufacture structures such as a guided missile, assembly process with fastener is an
essential method of fabrication. In this study, the dynamic characteristics of a cylindrical structure with bolted
joints were studied using experimental methods. The change of the natural frequency of the structure with the
change of the fastening method and the tightening torque were measured by the test and the finite element
analysis was performed using the stiffness model of the fastening part according to the fastening method and
compared with the test results.

Key Words : Natural Frequency(2l-7%1-5<%), Thin Layer Element(SF2 "t 24), Fastening Method(#] 2 HH2]), Stiffness
of Joint(H A+ 7H4)
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Fig. 5. Test results of tension type specimen
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Table 1. Natural frequency and reduction rate

Fastenin Natural Frequency | Reduction rate
o (Hz) (%)
Type | Torque 1st 2nd 1st 2nd
without 10 00 | 44300 | - ;
Fastener
Tension 80in-Ibf | 37.79 412.50 6.1 6.9
60in-1bf | 37.66 411.50 6.4 7.1
40in-Ibf | 37.34 411.00 7.2 7.2
without 14 10| 40700 | - ;
Fastener
Shear 80in-Ibf | 29.05 328.10 21.8 19.4
60in-1bf | 26.82 317.60 | 27.8 22.0
40in-Ibf | 24.88 305.90 33.0 24.8
100
10 +—+4 j« \
; podf 9{( %
: S
o
. Vd
01
|
Tension without Fastener
0.01 r —— Tension Torque 60in-Ibf ||
—e— Shear without Fastener
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Fig. 7. Comparison of frequencies for different
fastening types
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model using thin layer element
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Table 2. Results of FEM analysis for test specimen

DummyWeight/ -
Fastening 1 Natural E2 of Thin
Substructure 1 & 2 Type | Torque | Freauency (Hz) | Layer element
without 40.40 )

Fastener
1 7
: Tension 80in-1bf 37.20 5.40%x10

Joint Area
60in-1bf 36.25 3.71x107
+—— Boundary Condition (Fixed condition) 40in-1bf 35.41 2 80><107
I i I T i T WlthOut 3738 B
Fastener
'\
Thin Layer Element Shear | 80in-Ibf 28.78 7.25%10°
60in-1bf 27.41 5.82x10°
- 40in-1bf 26.24 4.82x10°
Fig. 10. Finite element model Table 3. Comparison of experimental and FEM results
. J— , Test FEM Difference
p=, 3 S Z5
0}?41_«] Table 2= A3 HEH 4714 Al F2E Fastening (Hz) (Hz) (%)
of Ust 54 a4 Azt el Hed gke ot

N _ 1 st 2nd 1 st 2nd 1 st 2nd
249 BAAE YehlT glom, Faze 2yt

AAd B39 7Fio oko mwl g xo AYE BA i
e < b AT o Az 24 Tension W/o | 10 > | 443.0 | 40.40 | 3792 | 0.45 | 227
T s AL & 4 Utk Table 2014 Hi= ke Fastener
Zol Aw WA 2UE A8 Aol AE -
ension

= WANGS QRS T g ae] ELgAZl o whAle) song | 37704125 |37.20| 3359 | 156 | 2038
2909} waael AAe Pas A4S % 4 Aok
olegt AAN-e] g Aolell wet afAFFe] 7 Tension |+ Cc 4115|3625 | 325.7 | 374 | 155
27} AR BAsE AL % F A 60in-Ibf

S sl T Rk el siaelrd A Tension |+ 201 4110|3541 | 317.5 | 5.17 | 144
2= 12 AfAEFE o HelA dYE §5A4 40in-1bf ' g e S -
Aol ZA%I FA AL & 4+ Ak A ——
o= AT} AL 2 Hy oule] ZFo]2 Holi glo Fz:felro 37.14 | 407.0 | 37.38 | 363.1 | 0.65 | 15.9
v, A A W29 40in-bf A2 EF 7oA 7}

F = = A =] 100 o) 2= h
255 %ol Ak Ak A Slee Shear 1 9 05 | 328.1 [ 28.78 | 2707 | 0.93 | 155
A
le)

Ak 27 DRAERE G waste] I 80in-Ibf
A

g vk gho] yEhhar A A4 T+ Shear
Aol wE Ae A AS o s ol A s | 2682 | 3176|2741 | 2682 | 220 | 175
Avtel vastd sMelA ddidewn A B3 W
- ol Ry h
sto] we} THFEF Fho] v Bo] Wl AL Shear 1 1 8 13059 | 2624 | 2572 | 547 | 107
o = ot 40in-1bf

AN
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