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Abstract This study investigated the design of a snap fit, which is widely used for fastening plastic parts. We
analyzed the assembly mechanism of a lock snapfit, measured the assembly force and separation force based on the
design of experiments, and derived aregression equation through an analysis of variance. The response surface
methodology was also used. Polybutylene terephthalate was used to fabricate specimens, and the assembly force and
separation force were measured using a micro-tensile tester. The length, width, thickness, and interference were
considered as factors. A second-order regression model was used to derive the regression equation. The assembly
force decreased with increasing length and width, but it increased with increasing thickness and interference. The finite
element method was used to analyze the assembly mechanics. The width decreased the assembly force by increasing
the ductility. The influences of the factors for low assembly force and high release force were shown to be opposite
to each other. It was necessary to design a structure that minimized the assembly force while maintaining an

appropriate level of separation force.

Keywords : Assembly Force, Central composite design, Design of experiments, Finite elements method, Lock

snap-fit, Optimum Design, Separation Force
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Schematic of hybrid type snap-fit and design

Fig. 1 (a) ~ (c¢)°l
Fig. 1.

tod, 719

Ho]Z(beam theory)ell 7]9kgt A= ALl o] &

o] gt} 2 o2

Fol Al

o]

ojghy

ke
pa

o ol

= s
.

1=
o

ol ut

Q
=
S
o
3
7]
S
o
~
<
=
—_
~
o
T
gyl
o
oy
oL
my
-
S
S
<
=
5]
>
2
=
o

o] 21442+ (Rapid Prototyping)
hook type 2=} H]al

ATH7, 8]. o]
AR, o]

& 7
A

oy
~L

ool

H

Beam -

L

L

3.0 mm). %7141 b

3.0 mm, d

s (b

S

4
379

A
=

59 o

ateq

)
=

T

3

o]

polof

o

R

o
T

Aol AR Ao o7

A
=

fos
™

2 A



A Eersl=EA) Asd A8E, 2017

w3 o] WASH= Zo|(Length, a),
(Width, ¢), 57 (Thickness, e)o]th. A2 % F P&

7 HEL
o] o)g WX E 93¢ A (Interference, f) <=

0

27
- zolE WAste] 2483t Table 191
7} JAFES] AE YERIIT
(Response Surface Analysis)S 9|3}
4710 ik A3 Ags sttt AE A
¥-2 Minitab (Minitab Inc. )—‘ ol &3ste] T3k

Table 2 ¥ AolA A&3k FAIA 74]§] (central
composite design, CCD)& 283+ A&7 & Fo|t}.

- =2

Table 1. Design variables and dimensions of snap-fit

Symbol Name Dimension(mm)
a Length 8.5, 9, 9.5, 10, 10.5
b (Quick fix) 3
c Width 2,25,3,35,4
d (Quick fix) 3
e Thickness 0.85, 1, 1.15, 1.3, 145
f Interference 1, 1.1, 1.2, 1.3, 14

Table 2. Design of experiment (central composite design)

I\Lor:ir::ﬂ a(mm) ¢(mm) ¢(mm) f(mm)
1 9 25 1 1.1
2 10 25 1 1.1
3 9 3.5 1 1.1
4 10 3.5 1 1.1
5 9 25 13 1.1
6 10 25 13 1.1
7 9 3.5 1.3 1.1
8 10 3.5 1.3 1.1
9 9 2.5 1 13
10 10 2.5 1 13
11 9 3.5 1 13
12 10 3.5 1 13
13 9 25 13 13
14 10 25 13 13
15 9 3.5 13 13
16 10 3.5 13 13
17 8.5 3 1.15 1.2
18 10.5 3 1.15 1.2
19 9.5 2 1.15 1.2
20 9.5 4 1.15 1.2
21 9.5 3 0.85 1.2
22 9.5 3 1.45 1.2
23 9.5 3 1.15 1
24 9.5 3 1.15 1.4
25 9.5 3 1.15 13
26 9.5 3 1.15 1.2

380

27 9.5 3 1.15 1.2

28 9.5 3 1.15 1.2

29 9.5 3 1.15 1.2

30 9.5 3 1.15 1.2

31 9.5 3 1.15 1.2
THE AFALH whebA 2] Fgs A
5 39S Aetn EAAHEY (transfer molding) S
ol-gate] AlAE AsATh AlFe] ARE AERE
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(b)
Fig. 4. Installed specimen. (a) Front view, and (b) side
view.
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Table 4. Analysis of variance for assembly force
(includes all variables)

Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 14 231222 16516 7.86 0.000
Linear 4 227648 56912 27.08 0.000
Length(a) 1 21149 21149 1007 0.006
Width(c) 1 15714 15714 748 0.015
Thickness(e) 1 11.0545  11.0545 5261 0.000
Interference(f) 1 8.0239 8.0239 38.19 0.000
Square 4 0.0145 0.0036 0.02 0999
Length(a)Length(a) 1 0.0000  0.0000 0.00 0.995
Width(c)Width(c) 1 0.0015 0.0015 0.01 0933
Thickness(e)Thickness(e) 1 0.0001 0.0001 0.00 0.985
Interference(f)nterference(f) |1 0.0131 0.0131 0.06 0.806
2-Way Interaction 6 0.3430 0.0572 0.27 0.942
Length(a)Width(c) 1 0.0276 0.0276 013 0.722
Length(a)Thickness(e) 1 0.0006 0.0006 0.00 0.958
Length(a)interference(f) 1 0.0153 0.0153 0.07 0.790
Width(c)Thickness(e) 1 0.0040 0.0040 0.02 0.892
Width(c)Interference(f) 1 0.1796 0.1796 0.85 0.369
Thickness(e)Interference(f) 1 0.1159 0.1159 0.55 0.469
Error 16 33620 0.2101
Lack-of-Fit 10 33106 03311 38.68 0.000
Pure Error 6 0.0514 0.0086
Total 30 26.4842

Table 5. Analysis of variance for assembly force
(includes selected variables)

Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 9 231159 2.5684 16.01 0.000
Linear 4 22.7648 56912 3548 0.000
Length(a) 1 21149 21149 13.19 0.002
Width(c) 1 15714 15714 9.80 0.005
Thickness(e) 1 11.0545  11.0545 68.92 0.000
Interference(f) 1 8.0239 8.0239 50.03 0.000
Square 1 0.0128 0.0128 0.08 0.781
Interference(f)Interference(f) | 1 0.0128 0.0128 0.08 0.781
2-Way Interaction 4 03384 0.0846 053 0717
Length(a)*Width(c) 1 0.0276 0.0276 017 0.682
Length(a)*Interference(f) 1 0.0153 0.0153 0.10 0.760
Width(c)*Interference(f) 1 0.1796 0.1796 112 0.302
Thickness(e)*Interference(f) 1 0.1159 0.1159 0.72 0.405
Error 21 3.3683 0.1604
Lack-of-Fit 15 33169 02211 25.83 0.000
Pure Error 6 0.0514  0.0086
Total 30 26.4842
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Residual Plots for Assembly force

Normal Probability Plot Versus Fits
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Fig. 8. Residual analysis of assembly force
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