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Recent trends in the miniaturization and weight reduction of portable electronic parts have driven
the use of subminiature screws with a micrometer-scale pitch. As both screw length and pitch
decrease in subminiature screws, the resulting clamping force becomes diminishes. In this work,
Finite element (FE) analysis is performed to evaluate clamping force of a screw assembly, with a
comparison with experimental result. To improve clamping force of subminiature screws, a new
screw design is considered by modifying screw thread angle: the thread angle is varied as an
asymmetric way unlike the conventional symmetric thread angle. FE analyses are then performed
to compare the clamping characteristics of each subminiature screw with different thread angle.
The effect of thread angles on the clamping force is then discussed in terms of structural safety
for both positive and negative screws.
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J|aMdd™ 4, = friction coefficient of the positive screw
1, = friction coefficient of the negative screw
T = applied torque 6= deviation of asymmetric angle
0 = axial tensile force
d, = pitch diameter of the positive screw 1. M8
d, = diameter of the negative screw
= screw lead angle UAKSerew)= WA E o] WA 2S5 o] 83
p = friction angle o thErfe] HES AN TE FHoE ALETH
Copyright © The Korean Society for Precision Engineering
T'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



S=RYLZESIK A 31H 95 pp 839-846 September 2014 / 840
© Fwow Awal, AA, 7IAFE o udd
Hopoll A &-guar gt HZol| AvtEE 5 o
FEA7I718 AFst 8 AksE FAel we o
Ab T AARF e Av|e JNFE FooF B
= Fool Adsta dom, A% 1 mm Wele] =
2% YAK(Subminiature screw)oll gt 87} STt

shar doh! wabe] A7t hAaE A AAR
AE 94 2 AZdE e Wrptke] AgrE 2AsHA
Hol AAEA] Astd Aow o=, ol
TAE S Ay A 249 Ak AlAE
FFA717] gk A7 Hasi

WA AAHE S FEA717] flste] dibAow
ﬂ"\il(Washer) T AFA 5ol ARgHa g’

o ok

E9 AAY s AAe] WA oE AT
RUEE °'°tt1“ =9 E=8 A A9
o Lpabe]

=4 x] 417]-}\] <

(Finite element analysis) S } sto] AAE Al

Aol HARALE FP3EF v Fg 7|E9

ARl e o vgE ARE 33 AljE

0} freteadAl s T3 WAHE ZdEwste o
AAZH G Waetag .

2. &8 LA AEE FIMAES HARA

1 28 LA MEs BIIME

U4 Aage 249 9 BANEe ade
Atk Ade FANRE Fuatel At A4
ol 9 ez APsHor], Adr Qg
& wolgy] golstws AFTE AT
28 YAKE@ 4 1.0 mm W)l AFAES A7)
A&l ool wEr] wite] # A
TolM= ARAGA AFe]l &olg £ HAkM4.0
Ur/\]')a oz SAAYS APttt 28
A= 91 4.0 mm, Z9°] 20 mm, X 0.7 mmZ &
A= SUSXM7¢]th. Fig. 1(a)oll tAte]l A2 #7}
AAE EAE AdF s A= vFEs Y
o] <1z}t A FT(AA: Al6063)S A A 3to] oAl

rr

(a) Experimental setup

(b) Screw threads after separation

Fig. 1 Experiments for clamping force evaluation
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Table 1 Material property of SUSXM7 and A16063

Material SUSXM7 Al6063
Density (kg/m3) 8000 2700
Young's modulus (GPa) 193 68.9
Yield strength (MPa) 680 89.6
Tensile strength (MPa) 860 172
Poisson’s ratio 0.25 0.33
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Fig. 2 Stress strain curves of two materials

Fig. 3 Effective stress distribution of entire analysis
domain at 444.8 kgf (unit: MPa)
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(b) Plastic region

(a) Effective stress (unit: MPa)

Fig. 4 FE analysis results for the negative screw part
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Fig. 5 Comparison the safety factor for each condition
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Fig. 6 Analysis domain and boundary condition for FE
analysis of the subminiature screw
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Table 2 Comparison of material properties /ﬂ._\ /_'_\
Material SUSXM7 | Brass | PC [ ] o\ /
Density (kg/m®) 7800 8530 | 1200 Ai'!'%\ &
Young's modulus (GPa) | 193 110 | 23 / | \ /\*9 - X
Yield strength (MPa) 680 12 | 62 _/ i . | \_
Tensile strength (MPa) 860 580 65 (a) Definition of the asymmetric angle (6)
Poisson’s ratio 0.25 0.375 | 0.38 | [
% _.!_ o 5:' & ’ -
. o A / 4
L 4
[8= 20" [o=-101] [g=0"] [6=10"] \ 8=20" |
(b) Thread shapes for various asymmetric angles
Fig. 9 Thread shape designs of the positive screw
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(a) 0=-20° (b) 6="20°

Fig. 10 Stress distributions for the entire region (unit:
MPa)

(a) 6=-20°

(b) =20°

Fig. 11 Stress distributions for the nut region (unit: MPa)
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Fig. 13 Fabrication of an asymmetric screw (asymmetric
angles: -20°)
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