al

a2

36

36

53

A W DN p

4
10
(Scrap).
10
10
4
FMEA
(Supply Voltage)
(Welding Speed)
(Concentricity) York Tube
(Torque) York

(Brefogle, 1999)

(Level) (Fixed Level)



3
53.1. (Supply Voltage)
30 Volt
< (2 28 - 32 Volt
1() 28 Volt A
0( ) 30 Volt A
() 2 Volt A
5.3.2. (Welding Speed)
A
C02 19 - 23 Volt
1() 19 / B
0( ) 2 /
t1( ) 23 / B
5.3.3. (Concentricity) (York tube)
0.15
(Drawing) 01-03
1() 0.10 C
0( ) 0.15 C
+1( ) 0.30 C



69
534, York 6 kg.f-m

(Drawing) 3-9 kg.fm
1( ) 3 kg.f-m D
0( ) 6 kg.f-m D
() 9 kg.f-m D
5.1
1) 00 ) +1()
L A 28 30 32
2. B 19 2 23
3, C 0.1 0.15 0.3
4, D 3 6 9
54
(GR&R)
L (Balance Machine)
2, Vernier High Gauge  Dial Gauge
55 (Response Variables)
(Balance)

36 4000 rpm/min



5.6

2 (Factors) 4
(Replicates) 1

(Factorial Design With Fixed Effect Models)

56.1
2 (2 Factorial Design)
(Maximum) (Minimum)
1 (Factor Screening Experiment)
(Balance)
(Smallest Number of Run)
2
1
2
2.
(Function)
3.
31 (Balance)
10
32
1
2
3
4,

28
19
01
3

(Runs) 16

4000 rpm/min

(1)

K4
23
03
9

(+D)

70

16



[t
3.3

L
(QC Inspector) 1
(Fitter) 1
2. MR111779
3. (Cycle Time) 32 Pcs. [ Hr.
4, 4000 RPM / MIN
5. (Press Fitting) 450 kgffcm2
6. N0.Qc1235
1 (Balance Machine) No.1
(Complete Randomization)
(Random no.) 5.2
16 16 1
5.2
11 (ANOVA)
1.2 (Model Adequacy Checking)
(Normality test)
(Independent Test)
(Variance stability Test)
1.3 (Response Variable)

14 (Residual Plot)



2

52 (Data Matrix Randomized)

2 Design for Balance test

A B C D

1
2 +
3 +
4 + +
5 +
6 + +
7 + +
8 + ¥ +
9 +
10 + +
11 - + - +
12 ¥ + ) ¥
13 + +
14 + - + +
15 + 4 +
16 + Efa = +

5.6.2

3

L (Main Effect)

2. (Interaction Effect)

3

(Factorial with Fixed Effect
Models)



10

(Function)
3.1 (Balance)

36 4000 rpm/ming
32 (-0) 0) (+])
1 28 30 32
2 19 2 23
3. 0.1 0.15 0.3
3.3
1

(QC Inspector) 1
(Fitter) 1
2. MR111779
3. (Cycle Time) 32 Pcs. [ Hr.
4. 4000 rpm/min
5. (Press Fitter) 450 kgf/cm2
6. No0.Qc1235
7. (Balance Machine) No.1
(Complete Randomization)
(Random no.) 6.4

27 27 1
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6.4

7.1 (ANOVA)
7.2 (Model Adequacy Checking)
(Normality Test)
(Independent Test) (Variance

Stability Test)

7.3 (Response Variable)
7.4 (Residual Plot)
5.6.3
2
1
[]
[]
[]
2
2 (
2
2



5.6.4
5.3
5.3
No.  Current Condition Purpose Condition
5.1
58.1
5.8.2
2 (2 Factorial Design)
3 (3k Factorial
Design)
3
1 (Normality Test)

Residual Normal Probability Paper
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2. (Independent Test)
Residual Residual
Residual
3. (Variance stability Test)
Residual
I
(Minitab) P-Value
P-Value d P-Value
a 0.05

Yp = +Ti+ P Yk+ O + (Tpij+ (TY)k+ (TO), + (PYV + (PO)j, + cy5)w+
(TPy)ike (Tpa)iji + (py o)L+ (Tpyd)jjki+ ik

P\ a

VS |

K= 17,5

[
iid ()
Ti ( A
Pi ( B)
Yk (0O
0, (D
(Tp)ii A B
(TY)k A C
(TO)i A D
(PY)ik 8 ¢
(pS)ik B



(yo)H
(Xpy)ik
(xpa)jj
(Pyd)jki
(Xpyo)ik
jik
54
Source of of
Variation (SOV)  Squares (SS)
A SSa
B SSb
C SSc
§sd
AB SSab
AC SSac
AD SSad
BC SShbc
BD SSha
ABC SSan
ABD SSabd
BCD SShad
ABCDE SSbad
Error SSE
Total sSsT
F-Ratio
F-Ratio
F-Ratio

> > > > O

oo O o w

Two - Factor Fixed Effect Model

Degree of
Freedom (df)
a-l

0.05

Mean Squares

(MS)

MSb

MSC
MSd

MSab
MSac
MSad
MShbc
MShbd
MSab
MSab
MSab

MSab

MSe

Fo

msadmse
mshmse
MSQMSE
MSdMSE

MSab/MSE
MSac/MSE
MSad/MSE
mshd/mse
mshdmse
MSab/MSE
MSab/MSE
MSab/MSE

MSab/MSE

P-Value

1



B

P-Value a P-Value
554
( 2 )
X Y
2 0x [0y
Gx Gy B\ X Gx=Gy=G
1 5
0 T1—-T2=0
1A 1270
H (1:(2:O
I (17 (270
H Yi '—'y2:0
H1 y1M y2260
Hg 1=02=0
H! 017 62" 0
2, 10
HO o (TER)ij =0 N
He (x(3) ] o
HO o (iy)k =0 I k
H! : (Ty)k™ 0
t-test t critical
t critical = (x - )15 (Unx+ Uny12
)] = (x-1)2 % (ny- 1)ISy
(1« +nyl2



el +ny-2 < toiid < tae' ") y-2

02 ; nx + ny-2 t
P Value P Value
a a 0.05
. P Value a
. P Value a
5.8
58.1

L Machining

5.12

51

2 (Pipe) 52

79



5.2 (Pipe)

5.8.2. Supply Voltage C02
5.3

5.3 Supply Voltage C02



5.8.3

5.4

5.6
5.6

5.4

Concentricity

5.5

1

81

5.5



5.8.4

AWIANNTUNWIINY1A
CHuLALONGKORN UNIVERSITY

5.7

5.7

82



83

5.8.5.
5.8 (Voltage)
(Welding Speed) 56
5.8
5.8.6 (Main Shaft®
5.9 (Torque)

5.6
5.10

5.9



5.10

5.8.7
1. 511

511

2. 4000 rpm 512



5.12

5.8.8.

P-Value
0.05 P-Value

5.9

16

85
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