St Z8sts|X| A 32 XN 63 pp. 523-528 June 2015 / 523

J. Korean Soc. Precis. Eng., Vol. 32, No. 6, pp. 523-528 http://dx.doi.org/10.7736/KSPE.2015.32.6.523
12

ISSN

25-9071(Print), ISSN 2287-8769(Online)

Thread Shape Design Using Joining and Release Analysis of Bolts
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As the sizes of mobile phones and watch phones decrease, the joining bolt for the products
should also be decreased to a miniature size. However, the miniature-sized bolt has to support
sufficient joining and anti-releasing torque to keep the product fastened. In this study, the thread
shapes are designed to improve anti-releasing performance of bolts. Especially, when bolt
materials is stronger than nut materials, the design of thread shapes is needed, like bolt for wood,
to improve the fastening capability. Through the joining and releasing analyses of bolts, the
thread shapes for SUS302 bolt and Mg alloy nut are newly designed. It was shown that the newly
designed bolt has 20 % higher anti-releasing torque and 35% lower torque loosening slope
compared to the standard bolt.
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7|48y 1. N8

O : Bolt joining force 2EE gazAQd A4AE& 7IA saxFFo|th
T : Bolt joining and releasing torque AAg o] Zetal AR HEstr] Wit &
dy . Average thread diameter EE Oy F2EFH 2423 JAA77A 3HE
dc . Average collar diameter AsHAl AbgET Vs BER AXT])7Y &Y
a : Thread angle st 2 AFsrt w53 JAdHT Sy HTole
p : Lead angle of thread FoESY FATE SketA L, doid s 71717 4
p' : Equivalent friction angle of thread WO AFo] AMEEHE F-Fol dd =& Az
uc: Friction coefficient of collar Zleo] a9 w3, &Y 77 # dlolEE
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Fig. 1 Schematic illustration of thread geometry and
joining force
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Fig. 2 Model description for analysis

Table 1 Material properties of bolt and nut

Material Young;s | Tensile Yield Pois.son
modulus | strength | stress ratio

SUS302 | 200GPa | 930MPa | 766MPa 0.3

Mg alloy | 45GPa | 300MPa | 180MPa 0.35
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Fig. 3 Thread shapes for various thread height and width

Fig. 4 Finite element model for nut
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Fig. 5 Von-mises stress distribution of nut for (a)
H/P=0.36, (b) H/P=0.56, (c) H/P=0.84, and (d)
Bolt for H/P=0.84 (L/P=0.6)
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Fig. 6 Joining and releasing torque for various values of
H/P and L/P
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Fig. 7 Contour plot for the (a) Maximum releasing
torque and (b) Decreasing slope of the releasing
torque

=2
2% E37F 7ML UaRbe] Eolr) Eo
2/l A drgkel S7FeHAl Sl Bg HE EA ghol
S7tehe o & Alndth

2 AToA Fas dHeE B e FHu
29 EF9 ¥ EAVF Fol=E 7]27]E Fig
62 Aol F3ko] Fig. 79 TRAER
At EFH EIV 2ol=E VEVE EE A4

F 9% FZed A Sl g At Ed
7] AAE o 9ol dig 5408 Fasital
dAH7] witelrt. o 71e7lE A &) 9l
239 oM T& AMESHIE sHAIEE i Fe
JRHE 2AY BEAE A&l og7] Lo
EE A7 29 EAE JHA AAE d8t
ATk 187 " BEV e £5 9] B
Eo Aol Fag A7 & & Atk Fig. (a)©
Ao £9 EA Ug s El 1, Fig. (b)e &
E 9 Ed 71274 Wi sadol bzt
PO F FAG Fio] EF(standard) & do|T}. Fig

Yoz AW ol MF AL % £tk
AR AMAFor A" e Ad Y E
27 Y% goby HHoleta

=k
=
EY EAVt 7P & 8 A §
4 BEE 71877 v A7) it @A) sfA
A2 H/P=0.84, L/P=0.90 1 A7} HHo=Z

wbo] Hr} o] A ®FE mEd wudd o,
Y EdvE oF 20% SUbEta, Y OEA V)%
71 oF 35% gkl Aol fde & ¢ S
O ARE E2 S A ) B A 2 5
mEol, ARt EolE o £Y 4 vk e
e F=7HQ ATE SelA ny A 3
e F As o AlmHh
4. 4B
2 AdTedMe BES YES A7t vE
$, 5 HBEE sus32ell UEE Mg §E 4
T vkl @iol 2ES A 24 % 2H E



June 2015 / 528

Y =35 FY
Sdsleh A FY EAE abde E3) el

Adrs 5 ¢ 7 9}911 E% EEL a7l

AARY (-5
0045724).

re
—
r‘—>':'4
)
>~
>
2T
lo
it
>
rio,
i,
re
-
0
’2

7l

REFERENCES

C-H, “An
Torque-tension

1. Jiang, Y., Chang, J., and Lee,

Study of the
Relationship for Bolted Joints,” International Journal
of Materials and Product Technology, Vol. 16, No. 4,
pp. 417-429, 2001.

2. Yan, Y., Wen, W.-D., Chang, F.-K., and Shyprykevich,

P., “Experimental Study on Clamping Effects on the

Experimental

Tensile Strength of Composite Plates with a Bolt-
filled Hole,” Composites Part A: Applied Science and
Manufacturing, Vol. 30, No. 10, pp. 1215-1229, 1999.

3. Kim, S. S.,Kim, S. Y., and Kim, K. S.,
Clamping Forces according to Length-to-diameter
Ratios and Preserved Thred Lengths of High Strength
Bolts,” Journal of Korean Society of Steel
Construction, Vol. 12, No. 3, pp. 259-268, 2000.

4. Kim, Y. H. and Kim K. S., “Evaluation of Tightening
Forces according to Length-diameter Ratios for High

“Evaluation of

Strength Bolts,” Journal of the Architectural Institute
of Korea, Vol. 15, No. 1, pp. 37-44, 1999.

5. Khashaba, U., Sallam, H., Al-Shorbagy, A., and Seif,
M., “Effect of Washer Size and Tightening Torque on
the Performance of Bolted Joints in Composite
Structures,” Composite Structures, Vol. 73, No. 3, pp.
310-317, 2006.

6. Han, J. W.,, Kim, J. H., and Park, Y. S.,
Structural Performance and Improvement of Screw

“Evaluation of

10.

11.

12.

13.

Thread Shape on 1,300 MPa High Strength Bolts,”
Journal of the Korean Society of Civil Engineering,
Vol. 31, No. 3A, pp. 189-198, 2011.

Hwang, H.-Y.,
Numerical Simulation and Experiments,” Journal of

“Bolted Joint Torque Setting using

Mechanical Science and Technology, Vol. 27, No. 5,
pp- 1361-1371, 2013.

Min, K. B., Kim, J.-B., Park, K., and Ra, S. W,
“Evaluation of Clamping Characteristics for
Subminiature Screws according to Thread Angle
Variation,” J. Korean Soc. Precis. Eng., Vol. 31, No. 9
pp- 839-846, 2014.

Lee, H.-K., Park, K., Ra, S.-W., and Kim, J.-B,,
“Prediction of Joining Torque for Bit Depth of
Subminiature Bolt,” Transactions of the Korean
Society of Mechanical Engineers A, Vol. 38, No. 8,
pp- 917-923, 2014.

Bhattacharya, A., Sen, A., and Das, S. “An
Investigation on the Anti-loosening Characteristics of
Threaded Fasteners under Vibratory Conditions,”
Mechanism and Machine Theory, Vol. 45, No. 8, pp.
1215-1225, 2010.

Pai, N. and Hess, D.,

Element Analysis of Threaded Fastener Loosening

“Three-dimensional Finite

due to Dynamic Shear Load,” Engineering Failure
Analysis, Vol. 9, No. 4, pp. 383-402, 2002.

Kim, K. K., “A Study for Structural Characteristics of
Tower Flange Connection under the Bolt Pretension
in Offshore Wind Turbine System,” M.Sc. Thesis,
Department of Naval Architecture and Marine
Engineering, Mokpo National University, 2011.
ABAQUS, “ABAQUS Manual, Version 6.12,

Dassault Systems,” 2012.



