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Abstract :

Over the past decade, the burgeoning composite material has been utilized widely in the
industrial field and sporting goods commodity, but among all the factors, the workpiece
forming and the adhesive result as well as the operating degree of the surface finishing have
become the critical parts to value-add on the composite material, which is directly equivalent

to the related quality of finished products.

This study adopts Taguchi method mode to make the process experiment, analyzing the
variances (ANOVA) among groups to set up research means, determining the scope with
linear regression analysis, and applying scientific statistical technique to distinguish the
interaction between the raw part made of the composite and the finishing on its surface.
ANOVA provides a statistical significance of whether or not the means of several groups are
equal, then through the “halfway repeat” approach, the variation and regression can be
analyzed in order to achieve the most appropriate mode of operation and operating standards,
and thus obtain optimal conditions for production criterion, which can strengthen the
management efficiency of enterprises, enhance production technology to be sophisticated and

upgrade external competitiveness.

In this study, the “tennis racket” of sporting goods is the object experiment. After the raw
part is formed, it will be then treated and covered by the finish. The pros and cons of
adhesion can be recognized from the grinding surface. In the meantime, whether the
propriety of working conditions should be recurred will be observed. In respect of the
impact on following proceeding procedures, enterprises can adopt the most appropriate
operating standards after a comprehensive assessment, establish the most suitable conditions
for implementation to ensure to make molded workpiece a high quality products.

For general enterprises, more bad situations were occurred during operations and
manufacturing process in the production system. In other words, there are more failures in

production process, and thus “Taguchi method” is used for the needs of this study to analyze

v



the problem, to foresee which operating factor is the most appropriate to apply and what
conditions are suitable to implement. After the completion of the corresponding measures,
the conclusion can be settled for enterprises. The purpose of the experiment is explicit that
the relevant operators can fully understand the significance of experiment and can bring out
their point of view through the outcome of main factors, benchmarks and specialties so as to
tackle the final analytical report, the experimental configuration, calculation, analysis of
variance, etc as the confirmation reference. It is the ultimate intention of this study to let
operators and technicians understand and make use of the research, meanwhile, it can also
become an SOP after accumulating these technical analyses and acceding the experiences for

continuous improvement to achieve the purpose of long-term and sustained business.

Key words : optimal conditions, the interaction factor, analysis of variance, the experimental

plan, scientific statistical analysis.
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f i e B
SYAZS(Y Y )m SR ettt (3.23)
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412 UEUCL 3 996> F 41T "E 5 0« #imdeT

F 42 F AR BRI AT E A2

23 (30) 2 (32) #EFHI U LERF MRS S

# 4 | |
g FHE | 26 HE 5 4
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UCL 52.47 9.96 A2=0.557
CL 497 42 D3=0
D4=2.37
LCL 471 0 233
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(L 38 1 F) X=49.7 k=42

UCL=X+A2R=49.7+ (0.557x4.2) =52.7

CL =x=49.7
LCL=X—AR=49.7— (0.557x4.2) =47.1
(258 F1@)

UCL=D4#=2.37x4.2=9.96
CL=t=42
LCL=Ds3=0
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e I AR AR E RIBIRIEA B o mAT D FI R e .
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Bk N=KIm=2x2x2x2=16 =% F & > ;% 1 M]3 % & 16 X = 25 1%
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oA HAFRABTI AR T L 0P R LEEFHESE > R SHFF
RiZ > &8dds o
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% 4.4 F %8R fe s

“No. | & | (a)yk#2| (b) -k# |d=(a)— (b) & s
erfe 1 e

1. C 3.23 3.19 0.14 0.0196 0.00823
2. D 3.25 3.14 0.11 0.0121 0.00176
3. CxD 3.22 3.68 —0.46 0.2116 0.00323
4. B 3.14 3.52 —0.38 0.1444 0.00903
5. BxC 3.29 3.05 0.24 0.0576 0.00369
6. e 3.28 3.16 0.12 0.0144 0.0009

7. e 3.34 3.26 0.08 0.0064 0.0004

8. A 3.53 3.26 0.27 0.0729 0.00145
9. e 3.27 3.18 0.07 0.0049 0.00031
10. F 341 3.27 0.14 0.0196 0.00125
11. e 3.29 3.36 —0.07 0.0049 0.00031
12. AXB 343 3.56 —0.13 0.0169 0.00116
13. e 3.38 3.24 0.14 0.0196 0.000156
14. e 3.53 3.46 0.09 0.0081 0.001249
15. e 3.24 3.35 —0.11 0.0121 0.000156
16. e 3.14 3.19 0.15 0.0181 0.000176

Fohpes) > o B TS A S HHE KR | 2RI 2 dfos 12 8 2 S
B MR ELRTFIE QLT IER F)F TR LT b & o ",%ilﬁ 1 A~-B~C-~D

2 33 i8% CxD~BxXC~AxB # » H @ 5|3 UFEL B Fas > f nidiie st
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442 o B 2 Bk EEFF ML IEE o o2t T J
4-4-3 0 2 BoRE2 A ende R LT TF PR FH L3 o doo
SAB=SA+SB-+ SAXB

4441 3B 2 REFSELBHLT S fr il oot

N

SE=S—SA—SB

S AR BFF 0 RAIAFF OB BIEEEIF - Lo Hwixi
Pl 2 S R s T EREHBEFSR L o dod 29 R 5 1 TS R B
LRSI R EE L SRR S5 S s A
HRENHT 2 CRAHFL ST AREZ M PHIR TR LT v B L
kA Tinjp e o 2 BRI T o Gd A (44) E2 ERN R §7 % pE
B2 FRAZ RSB 3 I Y - A FeF FiRahy  uagi
EFF 2 AT > FHEHTREF R4 (45) 777 1 ER 16 = 2N

WA & FIE L R

HE2BKELFF 2HATIOE b2 X D DXG=R e (3.3)

Fo=Vs/VE
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45 RR A4

£ 7 S ¢ \% Fo Fox
A | 0.00145| 1 {0.00145 | 1.51 2.86%
B [0.00903 | 1 [0.00903 | 9.41%* 37.499%
C  ]0.00823 | 1 [0.00823 | 8.57** 16.219%
D [0.00176 | 1 |0.00176 | 1.87 3.47%

F 0.00125 | 1 |0.00125 1.3 | Ve=0.00202 | 2.46%

AxB ]0.00116 | 1 | 0.00116 | 1.21 Ye =12 5.59%

BxC [0.00369 | 1 | 0.00369 | 3.84* 7.27%
CxD [0.00323 | 1 |0.00323 | 3.36 6.23%

E 0.00672 | 7 | 0.00096

HES P RGO T R FFED UL ASHREAPFEA S HFELDEE A
S EAT S 2 B SRR T RR L P LT G Y -
4-5-13 2 20 5] (B F13F ) $H' 5 2R 3 2LF ¥ i 58 o
Y4V Y4 (3.7)
Fo=0.00903/0.00096=9.417*
Fo>F (1>7:5001) #c&t £ k#1967 7 3 F (& T ) mand 3048 2 20t

R S

4-5-2 §EPER (CHF3F ) ek @i Emad ¥ BEFanp o

Fo=0.00823/0.00096 =8.57**

Fo>F (1>7:;0.01) #c&d K% 1907 5 BF (47 )o faidd 3% pr

A g  £R
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F+ Al A2 A3 A4 3+

Bl | (5) 8:2; (3) g:ig (1) 8:;‘2 (10) 82; 0.499

B2 | (4) 8::; (15) 8:1? (11) 8;? (6) gég 0.456

B3 | (13) gj; (8) gjg (7) 833 (16) gj; 0.429

B4 | (12) 3:2 (2) gég (14) 3;3 (9) 8?2 0.414
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(6) iz PR %5 Sp

E},-' 1 .'G:
Sp="rfmrr —CT

(7) #2 3 (6% g s Sas

SaxB =SaB-SA-SB

(8) K& ®bchpd B

28F ¥=N-—-1
ap g pp=kml (r—1)

EREEP AB= ¢ — )E
AAWFEFRER pa=k—1
FEERERE oB=1—1
IR g E 3 AB= pAx¢B

O) #v RE = REEAITE > L REERERT BRE > P g2
L& Fh7 R At o K Fo. (T FH R e dok 410 557

o geEad Ry
St=0.2352 v=31
SAa=0.1858 ya=3
Se=0.0334 yB=3
Sa=0.2357 yaB=15
Saxs=10.0065 YAB=9
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SE=0.0095 yE= 6

48 - Ay L RFRE ST 4
Eid 51 |S v |V Fo Fox
A 0.1858 3 0.0619 104.25%*
B 0.0334 3 0.0111 18.69** 75.8%
AxB 0.0065 9 0.0007 1.20 13.6%
E 0.0095 16 | 0.0006
B 0.2352 31

VE*=0.00064 e =25

AL Bent BB IR ELPE >/ VE=0gc=00078 22 Y+ k- # > VA /VE
S1OANERE IR IR A AL RE 0 L ITHEAA o

249 - A B (PRI FR )RR LT A

7 S v v Fo Fo g
A 0.1858 3 0.0619 96.72%* 72.3%
B 0.0334 3 0.0111 17.73%* 12.5%
E 0.0160 25 0.00064
7 0.2352 31

#H 2 81 Ve=Sas+Se/yas+ye=0.00064 A 2 2 b b g2 5%k pF R 4 E AR

ETHE RTLES: TAFHRFRPN 50 TERLFANFHFETRILNR

Fo=Va/ VE=0.0619/0.00064 =96.72*%*
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Fo>F (3,255 0.01) =339 et & -k# 197 4 3F (0% k 7 ) mas o 304

2t plmr kg £ 8 o

Fo=VB/ VE=0.0619/0.00064=17.73**

Fo>F (3,25;0.01) =339 w7 LK% 1% 5 8F (**L7 ) mad 25g

RpEE e R LR
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pAE, = p + AE,

oK A Tl R Gt Ao L

pa1=0.514

na2=0.426

us1=0.499

uB2=10.456
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paz=0.335 us3=0.429

pas=0.525 uB+=0.414
Bi=Bj=(25,0.05)J§£ﬁr
=2.060 4/ 0.00064/25

=0.01042

Lok Tang e s T d (@) B T RTT < B RE S Ak

BA THE e 4.4 977 5 (B &)

d (0.05) =0.026 d (0.01) =0.038

R4 R 44 LEF 2 A TIOERE LR BE LAY TR - A R
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B 44 &-kEes Tioz AR
Boif iR TSR g R do b BT 2 O N E pasbs =0.3354+0.414—0.449
=03 A2 B A3 Z SRR BaRRTIHR 03 LEFRERFRY -

/\

A
fl.'.-"I:SJ; =K + .-"1.-5}

=0.335+0.414—0.449
=0.3

(2) B it TR e 0 25540 977

Bij=t (30,0.05) +/0.00064x2/7 =0.0288

(3) $88 ZH % 9596 en iz 17 T Y ;

0.3+0.0288=0.2712~0.3288

Pl PRI E A 2B RERT R EAR T EF o AL 2 by

A3 et 5] 8B iE & FCEPFRF Y B4 GpER 75 A s E o P ITEBGEEE
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FEA g S(3.16) p ¥ SW(3.17) 2 F %6 Sp(3.18) A £ %8

r(3.19)

R FS (xS (yy (320) pd B¢ (321) - i fFadiFiiih 2 Foip

R (322) B ATE o BRI H R FEE DA
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WEFA TS o 2T S

S=0.245 S (AA) =0.0184
Sr=0.2276 S (cc) =0.1178
Sr=0.0044 S (w) =0.0249
S=0.09286

R LT EFH T 40k 410 ﬂﬁﬁ?%ﬂ kA7 -1

% 4.10 ﬁ&ﬁ?%ﬂ A F7 4 -1

& 1 |S ¢ A% Fo
Sr 0.2276 1 0.2276
Sr 0.0044 2 0.0022 <1
NJ:! 0.0928 3 0.0309
32.57*
SwW 0.0249 25 0.0009
3t 0.2451 31

JRiTHm i w2 AP RN BEFFERLIKRET G R RE 19T o
AV FRREFAR AR BT 2 REFEG A BRR T
—FEFHEY o XL S SwRE AL (411)
(1) eF gl T
Fo=V8/Vw=0.0309/0.0009 =32.57
F (3,25,0.05) =3.49

F (3,25,0.01) =595
Fo>F (3,25,0.01)

e LKEI%T oAb RR T LR -
(2) ALt
Fo=V:/VW =0.0022/0.0009=0.9 <1
F (2,250.05) =1.19

Fo<F (2,25,0.05)
SRR ES P ENEEY SRR T LS 2L
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(3) —F @ FHFRBT L& S & SwHE 24742

2411 R 4742
£ 5] S v \Y% Fo
Sr 0.2276 1 0.2276 60.53**
Syx 0.099 27 0.00367
3+ 0.3266

Fo=VB/Vyx=0.2276/0.00376 =60.53
F (1,27,0.05) =4.57

F (1,27,0.01) =6.15

Fo>F (1,27,0.01)

St AR 1967 H AN RIS DAY o A 2L
b=S (XY) /S (XX) =0.0869 a=—0.443

Y=0.443+0.0869X Y=a+bX

KpuFRE ot yx 7 Rt LE

olyx=v V s.x=,/0.00367 =0.0606

44



BEARE > 4T B

Yié H‘Y—n‘ A443+0. 0B69X
} B

05| RS

0.4+

0.3}
-
0.1

3% 5% 8% 12%
Ghrip) A
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&
ot

i
2. ARG 2w b

300 F RKE 19T H RS DM o M EFS 2L A R T

o =0.0606 -
4, R HHNEEFOL HIEITLET > & L-KE 19T BK > Hik 2eh
FEEAFVEL

S. @ HAT bl e EAR R L T GEE A T B R
Y=aX+b  Y=0.443+0.0869X
X EA T REERITAY B WA X B Y 2 B ajp B iy

I pE g eicg o

(2) 52 (B) ¥ &R (C); K72 %6 2N 4ot i 632
S=0.245 S(BB) =1.25

SR=0.16303 S (cc) =0.1178
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Sr=0.00117 Sw=0.1136

Se=0.02842
3412 i fF R B A 143
£ 7] S \ \Y% Fo
Sr 0.16303 1 0.16303
Sr 0.00117 2 0.00058 <1
Se 0.02842 3 0.00944 2.1%
Sw 0.1136 25 0.00454
b 0.30622

PATEP 22 e e p R RF FERALRT §AKE 1%
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F (2,25,0.05) =1.19

F (2,25,0.01) =1.65
Fo>F (2,25,0.01)
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Fo=V:/VW=0.00058/0.00454=0.127< 1
F (2,25,0.05) =1.19
Fo<F (2,25,0.05)
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£ 5] S v \Y Fo
Sr 0.16303 1 0.16303 38.35%*
Sy.x 0.11477 27 0.00425
3+ 0.2778

Fo=Vc/Vyx=0.16303/0.00425=38.35
F (1,27,0.05) =4.57

F (1,27,0.01) =6.15

Fo>F (1,27,0.01)
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