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o M W N p

(Unsaturated Polyester Resin)

5
(Ortho-phthalic acid type)
(Isophthalic acid type)
(Terephthalic acid type)
(Bisphenol-A type)
(Vinylester type)

(Catalyst)




6-8 %
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(Diallyl phthalate)

l 1

(Exothermic Reaction)

(Shrinkage)

(Styrene Monomer)
(Curing Reaction)

(Methyl Methacrylate)

(Weathering Resistance)

(Vinyl Toluene),

1

(Chlorostylene)

40/60



2.13 (Catalyst)

(Hardener)
100° Catalyst
(Peroxide) Methyl Ethyl Ketone Peroxide (MEKPO)
1
214 (Accelerator Promoter)
Unsaturated Polyester Resin Catalyst
(Accelerator)
(Cobalt Naphthenate)
Catalyst 0.5-2.0 %
215 (Fiber Glass Glass Fiber)
(Roving) (Chopped  Stand)
(Mat) (Fabrics)
Silane finish Chrome finish

A (Alkali)

1

2. ¢ (Chemical)
3 E (Electrical)
4

T (High Strength)



(Roving)
(Spray up) (Filament Winding)
(Pultrusion) SMC (sheet Molding Compound)
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2.1.6 Pigment

(Accelerate)
(Decelerate)
2.1.7 (Solvent)
(Acetone)
2.2
221

(Fiber Volume Fraction - FVF)



(hand lay-up)

30-40%
70%
(orientation)
222
1 (Tension) 21
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2. (Compression) 2.2
(adhesion)
@
q —— <
—_————
2.2
3. (Shear)

2.3



2.3

Defect

2.3
(Flexure)
3 24
= =
2.4
4
(Defect) (Defective)



Defective

1
(Defective)
5
(Man)
(Material)
1
(Method)
(Machine)

(Environment)

(Rework)

(Variation)

10
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(Man) (Material) (Method) (Machine)
2.3.2
(Check sheets) (Pareto diagrams) (Graph
and Charts)
2.3.3 (Check sheets)
2.34 (Pareto diagrams)
( 80% 1 )
( 20% )
o 80% )
( 20% )"



2.3.5

(Control chart)

XR X pn, P, C chart

oW 1H

Who
What
Where
When

-~ -~ G -

How ?

(Cause and Effect diagram)
(Brainstorming)



(Downstream) )

(Intrinsic - Technology)

(Upstream)

(Dispersion  Analysis)

(Process Classification)

(Cause  Enumeration)

13
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(Man)

(Material)

(Method)

(Machine)
(Environment)
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X1
1 1 \]
Input y= )
ii i
11 2.
y
XZ
fij= +T+ev
U
.
€
26
(Process or System) 2.6
(Input)
2.6
(Controllable Factors)
(Uncontrollable Factors) .. 122....29

(Robust Design)

15
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2411

2412

2.1

2
(Controllable Factors)

(Controllable Factors)

. (Uncontrollable Factors)

(Uncontrollable Factors)

16



2.4.2
y
X y
1 X y
2 X
1.2
2.4.3
1 (Effect)
2 (Factor)
3. (Level of Factor)
4, (Noise Factor)

2.4.4

i

(Uncontrollable Factors) Zi 175



2441 (Replication)
2
2442 (Randomization)
3
I} (Complete Randomization)
2 (Simple Randomization)
3 (Complete Randomization within
Blocks)
2443 (Blocking)
2.45
245.1

2452



(Mixed Levels)

1

2453

2454

(Replicate)
(Blocking)

2455

19

(Fixed Levels), (Random Levels)

(Fixed Levels)

(Random  Levels)

(Mixed Levels)

1

(Response Variahles)

(Randomization)



(Error)

24.5.6

(Software)

(Model Adequacy Checking)

2457

2.4.6

20
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4I 1 |
247 (Hypothesis Testing)
24.1.1
2472
2
1 (Null Hypothesis) HO
2 (Alternative Hypothesis) H
2413
2

(Simple Hypothesis)

KI( fi ijjML*0 0



(Composite Hypothesis)

2474
2
1 (Type | Emor)
(Level of Significance) a
2 (Type Il Ermor) 3
(a
3 a 3 a
P
24.15
3
1 (Fixed Effects Model)
HO:
H,:
1
Hi 1="=.. =T
Hi - fl(); (i)
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H:1=T2=... =Ta=0

H:T1=0; i
2 (Random Effects Model)
(1) 0
(Effect)
H: =0
Hi. >0
3 (Mixed Effects Model)
(Fixed  Levels)
(Random Levels) 2
248
2481 (Single Factor Design)
(Treatment)
2
L (Completely Randomized Design : CRD)I
(Nuisance Factor)
(Randomization)
(Replication)
2 (Completely Randomized Block

Design) (Nuisance Factor)



24

(Blocking)
2482 (Factorial Design)
(Level)
(Factor) 2
3 A 3 B 3
3 (Replicate) 2
3x3x3x2 = 4
(Crossed)
(Response)
(Main Effect)
(Interaction)
2. 29
Y a B
B»/B‘
B‘/
A A

1lade A

2.8
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Y A B
o
B B’
A1 A2
Jadqs A
29 1
2.8 B Bk
2.9 B- Bt
(Significant)
1 2k(2kFactorial Design)
2k k
2 1 1
(*)
2 3k(3kFactorial Design)
3k k
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3 (Fractional Factorial Design)

(Treatment Combination)

Surface

(Confound)
2483
1 (Latin Square Design)
2 (Nested Design)
3 (Split-Plot Design)
4, (Response
Design)
249 (Analysis of Variance : ANOVA)
(Variance)
= +
1 (Random Error)

(Factor)

(Level)



(Treatment)

Effect Model)

(Random Effect Model)

SST= SSTr+ SSE

SST
SSTr
SSE
(Variance) (Mean Square: MS)
MS =SS/DF
SS (Sum of Square)
DF
(Test Statistic) |,
F = MSt/MSe
MST

MSE

2

(Replicated)

(Fixed

1
( General)

MS



F FaVIv2

F —Fayy2 ] Hg
F<FaVIv2 HO
a (Level of Significance)
v,
V2
2491 (Linear Statistical Model)
3
V= + Tte Pt Tt (xPJubt (xy)iK+ (PypoK+ (xPy)leks SicBK}i
1=123..a( A
2123, b( B
k=123,..¢ ( 0
=123.. ()
yik

fl
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yK C
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(xy)K A C
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Source of
Variation
A
B
c
AB
AC
BC
ABC
Error
Tatal

§S.4

iSs

of Square

SSA
SSB
$SC

SSab
SSac
SBC

JAC
sSE

sST

Degree of
Freedom

a1

b1

¢-1
(@-1)(b-1)
@1)c-1)

(b-2)(c-1)
(@1)(b-1)(c-1)

Abc(n-1)

Abcn-1

hm

Mean Square

ssddf
sstdf
SSODF
ssafdf
ssaddf
sshddf

ssaddf

ssddf

CE1- 5S¢

Fo

msdmse
mshmse
msdmse
msaimse
msadmse

mshdmse

msadmse
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Distribution)
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(Model Adequacy Checking)
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(Random  Error)
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24921
(Normal Distribution) '
(Residual)
1 f (%-Goodness of Fit Test)
2. - (Kolgomorov-
Smirmov Test)
3
(NOPP)

24922

(Scatter  Plot)
(Residual)



24923

(Scatter  Plot)
(Residual) (fitted Value)

(Residual)
(Megaphone)
1
lll
(The Coefficient of Determination: R-Square)
, " (R-Square)
R-Square 0 1
R-Square 0 R-Square =01 10%
90%
R-Square 1 R-Square =0.9 90%

10%

32

(Scatter  Plot)



R-Square

R-Square

2410
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(2542)

(2543)

.876-2532

0.05

34



(2545)

(Suitable Condition)

2k

(2546)

(Flat Crush)

891 kg/33.2cm2

CHK 0.63

(Affinity Diagram)
and Effect Matrix) (Pareto

(Measurement System Analysis)

35

(Flat Crush)

(Cause and Effect Diagram)

Diagram)

(Hypothesis Test)

(Cause



(Screening DOE)

(Curvature) 6

F(Solid Content of DF)
Speed Ratio:DF) (Suction Fan)
Glue Roll& Doctor Roll: Double facer)

(Gap Weight Roll)!

(2548)

36

F(Solid Content of SF)
DF(G/L

DF(Gap

(Response Surface Method)
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