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Abstract
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The purpose of this research was to study manufacturing factors that affect actuation force, snap and return

force of silicone keypad. Factorial design experiment was applied with three interested factors, which were grade,

hardness and time. Each factor was treated under three levels. Results revealed factors that affected pressure-on

silicone keypad were grade, hardness, and time with significantly different actuation force at/the level of .05. The

factors that affected keypad response were grade, hardness, and time with significantly different snap-at the level of

.05. Finally, factor that affected the return force was interaction effect between grade, hardness, and time with

significant difference of .05.

Keywords: Silicone Keypad, Actuation force, Snap, Return force
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Coning Toray, HRS, Shin-Etsu Chemical, 2014)

Grade Typical Properties Testing Result
50 shore 70 shore
VMQ Appearance Clear Clear
Normal  Tensile strength (MPa) 33 3.6
grade Tear strength (KN/m) 10.0 9.2
Elongation (%) 335 375
VMQ Appearance Clear Clear
High Tensile strength (MPa)«==10.4 11.0
grade Tear strength (kN/m) 16.9 19.2
Elongation (%) 360 380
MQ Appearance Clear Clear
Tensile strength (MPa) 33 3.6
Tear strength (kN/m) 16 23
Elongation (%) 530 570
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3 T 3 T (i durd
(ShoreA) %)

A 50 120 2.640 37.66 1.038
A 50 120 2.584 37.58 1.034
A 50 180 2.626 37.55 1.063
A 50 180 2.610 37.47 1.060
A 50 240 2.780 37.20 1.138
A 50 240 2.637 37.54 1.087
A 60 120 3.014 37.48 1.245
A 60 120 3.069 37.42 1.266
A 60 180 3.073 35.73 1.263
A 60 180 3.124 37.90 1.310
A 60 240 3.184 37.94 1.301
A 60 240 3.164 37.39 1.297
A 70 120 3.068 36.31 1.319
A 70 120 3.158 36.42 1.334
A 70 180 3.202 36.41 1.330
A 70 180 3.477 36.27 1.353
A 70 240 3.326 32.83 1.356
A 70 240 3.300 38.42 1.361
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(ShoreA) (%)

B 50 120 2.396 40.89 1.099
B 50 120 2417 37.44 1.101
B 50 180 2.454 38.14 1.107
B 50 180 2.437 37.92 1.103
B 50 240 2.602 37.15 1.120
B 50 240 2.452 37.57 1.119
B 60 120 2.938 37.15 1.313
B 60 120 2.930 38.14 1.348
B 60 180 2.960 36.96 1.400
B 60 180 2.943 37.44 1.430
B 60 240 2.993 37.85 1.424
B 60 240 2.986 37.44 1.430
B 70 120 2.983 37.63 1.383
B 70 120 3.009 37.92 1.388
B 70 180 3.101 37.86 1.405
B 70 180 3.148 37.58 1.434
B 70 240 3.293 38.82 1.466
B 70 240 3.188 36.29 1469
C 50 120 2.313 42.99 1°170
C 50 120 2.181 4114 1.190
C 50 180 2.372 38.49 1.199
C 50 180 2.345 38.04 1.184
C 50 240 2.682 38.13 1.239
C 50 240 2.586 34.23 1.225
C 60 120 2.771 37.63 1.380
C 60 120 2.752 38.35 1.378
C 60 180 2.822 37.70 1.395
C 60 180 2.842 37.72 1.413
C 60 240 2.857 37.68 1.450
C 60 240 2.868 35.79 1.443
C 70 120 2.903 38.79 1.399
C 70 120 2.941 37.78 1.429
C 70 180 2971 36.52 1.453
G 70 180 2.942 37.76 1.473
C 70 240 3.060 36.34 1.492
C 70 240 2.930 37.71 1.527

9 = o a 7 '
"lﬂﬂ‘l]@l‘llﬁqluﬂ"li"lxﬂll 4 u11ﬂ3!ﬂ513ﬂﬂ1ﬂ1ﬂ15!mﬂ

uagvetoyanimsuanussuulnanse I wun

213

U 29 wiwgu 2559

A1UDIA I TAINAD 115INA ANBUTUDIADAT

@

o = o = a
quAd Lag useaanay Unmsuanuaauudna lae

NW91521910A1 P — value NTAMINANA A AY 0

05 (P — value>.05) awaalugiiaaas 3

Probability Plot of usinn
Mermal
@ -
Maan 2 85
0y | Q280
% N =
o o
= s 0o
o &
s
g
§a
il
x
1
.
Ji'o 24 26 23 Wad 312 3¢ 36
usine
a2 a
suRrMsLNU WL DAYONTINA
Probability Plot of admaumsaimdnnsaiea
Mormal
a3
Mean  TH
SDev 048349
q;l M o
o s
i P-vdua 0058
w0
b
Ba
g
§a
0
0
i
5
1
B * a7 B B P

SMIUARH DN ARHA

31U 2 mswsnua il nAvessmeuauesiemMyduRE

Probability Plot of usina nai
MNorrnal

Mazn 1308
Sthev 01392
N o
AD 0
Bialuz 0063

Percent

USIRRNAD

a a a o
E‘lJ“n 3 MILINRLUUYNAVEUSTIAANGL




M3szguITIMIsEAUIA UNIINeE059da 1J52511) 2559 (RSU National Research Conference 2016)

4.1 msnszriannuulslsiuvestoyadans
(ANOVA)

4.1.1 MR zianlsifinadeusinanu i
nlsAdananonsina AodNIWasIu (Interaction
Effect) 351719 ¥10U99819%a 11 Aund9v09
Falau ez 110910V ( AxBxC) 08 NNsd1AYNI

ADANTLAV .05 (P-value<.05) Aanaadluaisen 5

a a e A
MITN S Waﬂ153lﬂ513ﬁﬂ'ﬂﬂuﬂiﬂi'}u (ANOVA) naana

ADLLTINA
Source SS DF MS F P
Grade (A) 0.672 2 0336 90766  .000
Hardness (B) 3.437 2 1.719  464.267  .000
Time (C) 0.213 2 0.107  28.774 .000
AxB 0.024 4 0.006 1.618 199
AxC 0.008 4 0.002 0.562 .692
BxC 0.037 4 0.009 2.483 .067
AxBxC 0.077 8 0.010 0.614 029
Error 0.100 27 0.004
Total 446.198 54
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1] aa daa
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= ' A = <
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P 1 P 9 4 X A
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Estimated Marginal Means of Force

at Grade = VMQ normal grade
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a a ' ' a aa <
51U 4 NFWaTINTEHINNTHAve9819Ta law ANULTIVDS

@

H19A IAUATIABUNAINAADITINA

4.1.2 919135 1AT12H AN (ANOVA)
szl siidananemneuauene s R
Tua1s19i 6 wuddninandannilads Main
Effect) @4WaA0AINITADLAUBINTAUAT Ao FiA
YBIe 1T 1AY ANULTIVDWNES IauIazIalo

@ a

2819 A YNEDANTEAY .05 (P-value<.05)

a a ¢ A
M1319N 6 Wﬁﬂ15’3!ﬂ513”ﬂ31u!!ﬂ5ﬂ53u (ANOVA) naika

AoAIRO UAUBNMITUNE
Source SS D MS F P
Grade (A) 16.167 2 8.083 7.542 .003
Hardness (B) 19.866 2 9.933 9.267 .001
Time (C) 17455 2 8728 8143 002
AxB 3.865 4 0.966 0.901 477
AxC 5.550 4 1.388 1.295 297
BxC 9.037 4 2.259 2.108 .107
AxBxC 7.866 8 0983 0917 518
Error 28.940 27 1.072
Total 76387.89 54
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Main Effects Plot for snap
Data Means

grade hardness Time
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