Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2013.14.7.3177
cooperation Society
Vol. 14, No. 7 pp. 3177-3183, 2013

oA 7S ol 83 FCM 7k2Ae] AR Al B3 4T

stR7lsngstn 7|ASEE, St |suK sty it 7|ASstnt

>

A Study of Robust Design of FCM Gasket
Using Taguchi Method

Jin-Eun Chung" and Jueng-Kyu Ahn?
!School of Mechanical Engineering, Korea University of Technology & Education
“Department of Mechanical Engineering, Graduate School, Korea University of Technology
& Education

H Lol A= H]4™H FCM(Fiber-elastomer Coated Metal) 7}27A19] 74 AAS 3fslqrt ol& ¢35
EE ARgE ABALN) Het ATES Sk AP AR B AU A
Ae AloldAE ghetetar 24 E4 $35kglch. ddgo] J3k2 nAe
HeEsigen 7 Aojelde] detel 3558 mefstel L(3') Hmes
38ttt 7S ARgske] W s d =

. sl B0 AT © Y6 side 3 Dl een £n Uy 4 e
2 200 oC, &+E 90

Aot Axt A7kl £ % g,f 0.037, 0.098 ioq K5z 95%} 90%of| 4

e Kl
o =
£ 2
o
ook
flilo
E

>
=
=)
Jil)d
1
m[m

oo @
*
L)
i) J
%
B o
N
>

ri'
3

fN'

&
i)

1032 of @ rd @ = X o

R
o

222

Eu) ox

=5

o )

5 et

22 lo

Sid

X

filo

-{>

o
tlo
4t
g
o

Abstract  This paper deals with the robust design of the non-asbestos FCM(Fiber-elastomer Coated Metal)
gasket. In order to this, the measurement of the shear stress based on the design of experimet using the
orthogonal table was carried out and the control factors for shear stress using the larger-the-better SN ratios
with the Taguchi method were evaluated. In addition, the analysis of variance for SN ratios was conducted. The
temperature, pressure, duration time and humidity were selected as the control factors. The orthogonal table
L9(34) was made of 3 levels for each factor and the measurement of shear stress was acomplished on the base
of the table. Delta statistics of time is the highest value 0.93 and therefore the time affect the largest effect on
the shear stress of gasket. Also from the analysis, the shear stress shows maximun at the duration time 80 sec,
temeratue 200 oC, pressure 90 kgf/cmz, humidity 60 %RH. P values of duration time and temperature as a
results of the analysis of variance are 0.037 and 0.098. Therefore the analysis has significant each with 95%
and 90% confidence level.

Key Words : Robust Design, Fiber-elastomer Coated Metal Gasket, Taguchi Method
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Primer (bonding agent)
Metal core

[Fig. 1] Construction of FCM gasket
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[Table 1] Zy(3") orthogonal array

NO. Inner array Outer array
Cl Cc2 C3 C4 R1 R2
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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[Table 2] Levels of the control factors Ay AR LAEe) AR AFR Fig. 29} Fig. 33 2
Control Factor Level A, FAEY A AYE Table 30 UEhHIT
Temperature (C) 190 200 210
Duration Time (sec) 70 80 90 [Table 3] Specifications of shear tester
Pressure (kgf/cmz) 70 80 90 Components Model Specifications
Humidity (%RH) 40 50 60 Electric motor 2HP-AC220/380V-4P-()3-
60Hz
Servo motor HC-KFS43 400W, 1.3N
_ Vane pump Pmax:45kg/cn.12,
4 AE|°|:'|| 7244__'_} ';'—=I —E—El1 Qmax:20L/min
Load cell YK43-5T Stonf, 1.0039mv/v, 0.5%

41 Jélﬁ_-l §i|g| __I.Lg Load cell YC60-2T 2tonf, 2.0024mv/v, 0.1%

FCM 7h2A19] Aieehe 245 Slstel 4@ 4 LVDT D10 0-10mm, 08
2 A8 ARSI Temperature RTD Pt-100, 3-wire,

B A9 AR 7] e ks Szl T 1390
saelo] Al wbES 2™sl] ofat 9o Aeitel o Cylinder DHH-S-FC 100x100mm (D xStroke)
o e, #AYE S45h7] 9t 25 M(Load cel)Z
TdE] Qloh B3t £5& AR o] FAIA AdESE 4.2 A Y
LAYAZ17] SI7E A E BE9} o] 5 £A5H] s == Ay A AYS GM PSA AlY W[9]d] wet
A(Load cell), Aeteo] wg WS FH] Al Fig 43} o] A3 A7)0 B2 fo]of 7pAAL 9%

LVDT(Linear variable differential transformer)S “d |3}

Aon] Labview 855 o|gsto] Hlo|E|2 FHSalar.

Suetion
Restricior valve
Fluid
Gylinder
Discharge:

Restrictor valve

v

Pump

Heater

Fressure gage

Contraller

[Fig. 2] Configuration of shear test bench

[Fig. 3] Photo of the shear tester

AFZIth 7pAA] A7) F1E, A2, 0] 15.88 x 15.88
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Gasket

Gasket

[Fig. 4] Gasket specimen with blocks
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[Table 4] Orthogonal array with control factors and levels

[Table 6] Response of the SN ratios

Inner array Level Temperature Pressure Time | Humidity
NO. Temperature Pressure Time | Humidity ! 6048 60.43 60.09 60.37
) (kgf/cm?) (sec) (%RH) 2 60.95 60.59 61.02 60.65
1 190 70 70 40 3 60.29 60.70 60.61 60.70
5 19 %0 %0 0 Delta 0.65 0.28 0.93 0.33
Rank 2 4 1 3
3 190 90 90 60
4 200 70 80 60 Pracea
5 200 80 90 40 a
6 200 90 70 50 o //\ //
60.50
7 210 70 90 50 s \
8 210 80 70 60 @ @0 : : . : ; ‘
B 190 200 210 70 80 90
9 210 90 80 40 « Time Humidity
Z 61004
w
60.75 /\ e
Table 59| 2}&ujd R1, R2 23] WhEslo] Z4E A ) / —
dejoln] o] 274 Amol BARME AZEYO] Miniab ]

o3t th=E Y

g SN BlE HojF=al gl

I Lo

A Y-t A 101
_]

[Table 5] Values of shear force and SN ratio

70 80 90 40 50 60

[Fig. 5] Response of the SN ratios for temperature,
pressure, time and humidity
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)
No, | uer amay - Shear ForcelleD | o o S ALgSto] 2912 LERigIT of7A% Algho] 7hg
Rl R YL L Aoln, gelo] 7P M YFS FE
! 960 960 59.6454 olzfolck. o]gk AT Table 67 SUFITE Fig. 62
2 1119 1130 61.0189 Table 72] Z2TS 1Yoz HojZEr)
3 1259 980 60.7776
4 1230 1120 61.3722 [Table 7] Response of the mean values of shear force
5 1169 1035 60.7954 Level Temperature Pressure Time | Humidity
6 1148 1023 60.6694 1 1068 1055 1014 1047
7 1046 1015 60.2580 2 1121 1074 1127 | 1080
3 980 1010 500535 3 1035 1095 1084 1097
9 1058 1102 60.6631 E::E §6 ::O 1 13 :9
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[Fig. 6] Response of the mean values of shear force for
temperature, pressure, time and humidity
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Table 8-2 ZH2] 2] SNH|o|| tgt BAF £4]2] Ao
EP Minitab®] 4 24 2 AP g R gS ARE-sH
A B oA o] 2R oEat o] MES ©

x+ WO Aestert F 440 At 2me} Azl

Fo 4kl 212} 439, 8390]ch. T1elm £me} AZke] pgk
o] Z¥z} 0.098, 0.0370|t). wWala] L= 90% A4S
oA, L)L K17k 95% Al=gzzol A frofghe Bl
I Qe

[Table 8] Analysis of variance for SN ratio

Source DF SS MS F, P
Temper-ature| 2 | 0.67992 | 0.33996 4.39 0.098
Time 2 1.29990 | 0.64995 8.39 0.037
Error 4 | 0.30986 | 0.07746
Total 8 2.28968
5. 28
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