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Erawin Thavorn 2011: Parameter Setting for Rod Push Production Process on Multiple
Responses: A Case Study in Motorcycle Parts Factory. Master of Engineering (Industrial
Engineering), Major Field: Industrial Engineering, Department of Industrial Engineering.

Thesis Advisor: Associate Professor Prapaisri Sudasna-na-Ayudthya, Ph.D. 87 pages.

The objective of this research was to study appropriate setting of parameters in the
production process of Rod Push - which impacts on quality characteristics such as diameter and
surface roughness. Besides, the cycle time was also considered. At a study plant, the values of
the Process performance capability of two quality characteristics were less than the
manufacturer's targets of 1.33. Central Composite Design was employed to examine Rod Push
produced by CNC with 5 controllable process factors including Spindle speed of rough-cutting,
Feed rate of rough-cutting, Depth of cut of rough-cutting, Spindle speed of finish-cutting, and
Feed rate of finish-cutting. The nuisance factor of CNC was tool wear. The results indicate that,
the average diameter and the average surface roughness are closer to the targets and Process
performance capability higher than manufactures’ targets. Moreover, the cycle time is reduced

(17.78% reduction).
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Stepwise Regression: Roughness versus Blocks, A, B, C, D, E
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Response is Roughness on 6 predictors, with N = 33

Step 1 2
Constant 4.388 2.750
E 1.69 1.69
IT-Value 6.96 7.91
P-Value 0.000 0.000
Blocks 1.23
T-Value 3.18
P-Value 0.003
5 1.1%9 1.05
R-5g 60.96 70.78
R-S5g{adj}) 59.70 &8.84

7

Mallows Cp 3.0 0.

Y a 4 ) @ a
ﬂ"l‘Wﬁ 17 MIUANTIEH Stepwise Selection TIUTUHNANDUTAUDIANNUYIUNI
A a J (J a A J
1NNINN 17 iﬂﬂﬂ?i')Lﬂ‘iWZ‘l’i@%"JEl Stepwise Selection ﬁ?!&ﬂi@ﬁi%‘ﬂilﬂﬁﬁ@
= [ [ Y = = 1Y A =
NaRPUTUOIND 1998 E (ﬂ@liWﬂ@uﬂlﬂﬂﬂ”ﬁﬂaﬂa%!@ﬂﬂ) 1ag Block (ﬂ‘ﬂﬂﬂﬁ‘ﬂﬂ?ﬂ‘ﬁﬁﬂﬂ?WNﬁﬂ
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Wﬁ@m@\uwﬂﬁﬂ) ANUUTAUNMITIWIINTUTIHIUNIADUTUDIANUNYIIUN ‘ﬁ@

Surface Roughness = 2.75 + 1.23 + 1.69E
=398+ 1.69E (16)

Taon - 2<E @asilouvoimindsaziden) <2

A A I a J Y o 9 o A Y 1 °
HBINANMSIN 16 1WuUMsIAsIEHaeaulsinsia LWf’J{lﬁQ']fluﬂﬂ']iLl']

A [

aumanensal ldlFnulumal§ia §de3aansgidiedulssssumnansodulsa

unasaladaeumsn 17
Surface Roughness = 0.0313 + 28.2E 17

Tash  0.02 <E (@asilouvoiminaiaziden) < 0.26
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wodszuamauilseansveaunazilave uazuasizianuuilslsiuvesaums
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M1 9 Mstszanamdulszansd miunanouauoITOUIAING

Wil mulsyans MAANAIANINIFIUVDI oy M
(Term) (Coefficient) ﬁmﬂizaﬂé (SE Coefficient) T-Test P-value
Constant 36.3463 5.151 7.057 0.000
Block -3.0682 2.532 -1.212 0.251
A -1.9583 2.799 -0.700 0.499
B -6.1250 2.799 -2.188 0.051
C -5.8750 2.799 -2.099 0.060
D -1.4583 2.799 -0.521 0.613
E -9.7083 2.799 -3.468 0.005
A*A -1.2390 2.495 -0.497 0.629
B*B 3.6360 2.495 1.457 0.173
C*C 3.3860 2.495 1.357 0.202
D*D -0.9890 2.495 -0.396 0.699
E*E 6.7610 2.495 2.710 0.020
A*B -0.3125 3.429 -0.091 0.929

A*C 0.3125 3.429 0.091 0.929
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MS51N 9 (710)

Wail miuszans MAANAIANINTFIUVOS M oy
(Term) (Coefficient) ﬁu‘ﬂizaﬂé (SE Coefficient) T-Test P-value
A*D -0.9375 3.429 -0.273 0.790
A*E -0.5625 3.429 -0.164 0.873
B*C 3.6875 3.429 1.075 0.305
B*D 1.1875 3.429 0.346 0.736
B*E 2.0625 3.429 0.602 0.560
C*D -0.1875 3.429 -0.055 0.957
C*E -1.0625 3.429 -0.310 0.762
D*E 0.6875 3.429 0.201 0.845
S = 13.7146 R’ =76.95% R’(adj.) = 32.93%

210013197 9 Tasentinanesounamani 4 17938A01]998 B C E tiag E*E

A A Y oA Y
IHUBIVINUAT P-value u’é)EJﬂ’JWii’e'JGlﬂamEN 0.05

M3197 10 MINATIZHANUNLYTUTIUAMT IR LT UBITOUIAINAR

uraanNNiuls  waulInMasaed  osAEs  AuNAENaALIN OATIE@IUF Al

(Source) (SS) (df.) (MS) 1) P-value
Block 276.14 1 276.136 1.47 0.251
Regression 6629.42 20 331471 1.76 0.167
Linear (4133.88) 5) (826.775) (4.40) (0.019)
Square (2138.92) 5) (427.785) (2.27) (0.119)
Interaction (356.63) (10) (35.663) (0.19) (0.993)
Residual Error 2068.98 11 188.090
Lack of Fit (2068.98) (6) (344.831) - -
Pure Error (0.00) ®) (0.000)

Total 8974.55 32
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Cycle Time =33.28 — 1.96A — 6.12B - 5.87C — 1.46D - 9.71E — 1.24A° +
3.64B°+3.39C" - 0.99D° + 6.76E” — 0.31AB + 0.31AC — 0.94AD — 0.56AE + 3.69BC + 1.19BD
+ 2.06BE - 0.19CD - 1.06CE + 0.69DE (18)
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Tagd - 2< A (ANUTITOUUDINTNAINEY) < 2
- 2< B (Bnsileuvesmsnaaneny) <2
- 2< C (ANNARAAYBIMINAIHIDY) < 2
- 2< D (ANUI3I50VVDININAazIDER) < 2

- 2<E @anilouvoamsndsaziden) <2
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MIINTIEHANMINENIaldMSUNAROUALEITOUNANAN FI10 18
a [ g’/ A 3 =S v A
wmsmmmﬁmammum 50 A BCDuagE taziaesuniuen 1 UJade Ao Block Iﬂﬂ
1973 Stepwise Selection waz lamuuaa o Enter ag o Remove (MY 0.05 (o Enter Ao
v @ o w a J .. v @ o w
TTAVUIFINUVOINTUATIZ LU Conditional-t test L1 o Remove ﬁﬂi%ﬂﬂuﬂﬁWﬂmﬂl@ﬂ

a J @ {
N3 AUATISVILUU Marginal-t test) AININT 19

Stepwise Regression: Cycle Time versus Blocks, A, B, C, D, E

Alpha-to-Enter: 0.05 Alpha-to-Remowve: 0.05
Response is Cycle Time on & predictors, with N = 33

Step 1 2
Constant 43.73 43.73 43.73

E -9.7 8.7 -9.7
T-Value -3.23 -3.42 -3.63
P-Value 0.003 0.002 0.001
B -6.1 -6.1
T-Value -2.16 -2.29
BE-Value 0.03% 0.030
& 50
T-Value -2.20
P-Value 0.036
3 14.7 13.9 13.1
B-Sg 25.21 35.24 44.47
B-Sg{ad]j) 22.79 30.92 38.72
Mallows Cp 9.2 6.1 3.4

3 a d ) @ a
ﬂ'l“l/‘lﬁ 19 MIAUANTIEH Stepwise Selection FIUTUHNAADUTAUDITOULNIATINAA

1 a 4 Y a 1 1
NAMNA 19 1INMITIATIZHAY Stepwise Selection Au1/5oaTzNIINAAD
A [ 1Y Y = = % =
HAAOUAUDIAD U998 B (905100 U¥9INITNAIHEIL) C (ANNANAAVOINITNAINEI) g E

®n311oUv0INIINAIAZIDA) A UTUMINGININAIHTUNIADUTUDITOUIAINANAD
Cycle Time =43.73 - 6.1B—-5.9C - 9.7E (19)
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=2 v =
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Cycle Time = 94.38 — 20.4B — 19.6C — 162E (20)
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Std. Run Pt tadsarugy @mssssund)  Furhw  anw seu
Blocks ¢ A a
Order Order Type A B C D E gmsmma REYTVNI 1Ia1Nan
1 2 1 1 3,000 04 04 3,000 0.20 4.8890 6.07 52
2 10 1 1 4500 04 0.4 3,000 0.08 4.8770 3.62 62
3 13 1 1 3,000 1.0 0.4 3,000 0.08 4.8800 2.34 44
4 11 1 1 4500 1.0 04 3,000 0.20 4.8990 5.81 35
5 5 1 1 3,000 04 1.0 3,000 0.08 4.8610 2.58 53
6 20 1 1 4500 04 1.0 3,000 0.20 4.9120 4.09 34
7 7 1 1 3,000 1.0 1.0 3,000 0.20 4.8760 4.77 40
8 P, 1 1 4500 1.0 1.0 3,000 0.08 4.8560 2.12 46
9 8 1 1 3,000 04 04 4500 008 48720 312 60
0 14 1 1 4500 04 04 4500 020 48870 521 43
o171 13,000 1.0 04 4500 020 48800 487 44
2 3 1 1 4500 1.0 04 4500 008 48510 294 38
B39 1 13,000 04 1.0 4500 020 48800 580 35
4 19 1 1 4500 04 1.0 4500 008 48860  3.19 44
5 18 1 1 3,000 1.0 1.0 4500 008 48600 266 48
6 6 1 1 4500 1.0 10 4500 020 48800 519 35
17 1 0 1 3,750 0.7 0.7 3,750 0.14 4.8850 3.29 34
18 4 0 1 3,750 0.7 0.7 3,750 0.14 4.8610 3.77 34
19 16 0 1 3,750 0.7 0.7 3,750 0.14 4.8840 4.95 34
20 15 0 1 3,750 0.7 0.7 3,750 0.14 4.8800 4.22 34
21 21 0 1 3,750 0.7 0.7 3,750 0.14 4.8830 3.19 34
22 12 0 1 3,750 0.7 0.7 3,750 0.14 4.8820 3.74 34
23 29 -1 2 2,250 0.7 0.7 3,750 0.14 4.8850 5.60 37
24 23 -1 2 5250 07 07 3,750 0.14 48710 458 33
25 32 -1 2 3750 0.1 07 3,750 0.14 48650 438 78
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tadeniuan sz ssnyn)

Vv v
LT HUNTIH

Std. Run Pt AN 39U
Blocks ¢ A a
Order Order Type A B C D E fHEgna1ly vignun naiwan
26 28 -1 2 3,750 13 0.7 3,750 0.14 4.8850 3.19 31
27 30 -1 2 3,750 0.7 0.1 3,750 0.14 4.8600 4.03 78
28 25 -1 2 3,750 0.7 13 3,750 0.14  4.8800 4.83 29
29 27 -1 2 3,750 0.7 0.7 2,250 0.14 4.8780 5.77 40
30 31 -1 2 3,750 0.7 0.7 5,250 0.14 4.8770 6.72 32
31 24 -1 2 3,750 0.7 0.7 3,750 0.02 4.8650 1.41 106
32 26 -1 2 3,750 0.7 0.7 3,750 0.26 4.9100 12.09 28
33 33 0 2 3,750 0.7 0.7 3,750 0.14 4.8770 4.69 34
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tadenaugu @awdsidnsda)  dude anw seu  miianely
Iteration ‘ - -

A B C D E qgudnan WA Dawaa 53
1 .11 006 184 -049 -047 48725 244 & 0.97
2 -038 -0.97 2.00 -0.12 0.04 48725 345 41 0.24
3 0.70 -1.18 137 076 -0.47 48877 344 44 0.09
4 -0.54 -1.77 2.00 -0.86 0.48 4.8725 3.48 44 0.13
5 029 -092 1.64 -2.00 -0.12 4.8714 3.16 43 0.56
6 0.11 2.00 -1.76 -0.82 0.34 4.8886 3.45 44 0.07
7 2.00 119 2.00 -131 0.18 4.8721 2.52 36 0.98
8 2.00 090 2.00 -1.62 0.62 4.8881 3.46 31 0.07
9 0.94 200 -1.93 053 057 48611 349 44 0.07
10 -143 200 106 -139 044 48725 3.43 38 0.29
11 -135 113 -147 009 022 48893 340 45 0.06
12 032 159 -092 -1.07 -0.68  4.8724 260 44 0.89
13 -1.14 200 -0.66 2.00 -0.28 48728 256 42 0.93
14 -1.69 200 089 088 024 48731 344 M 0.25
15 1.75 2.00 -1.63 -1.89 -092  4.8569 350 45 0.01
16 -1.88 196 -1.16 2.00 -0.14  4.8845 195 45 0.51
17 200 1.78 -124 175 052 48378 347 45 0.06
18 157 105 172 126 -092 48571 345 45 0.07
19  -1.93 200 197 -1.84 -0.65  4.8567 122 44 0.30
20 200 -0.13 -0.09 0.19 -0.95  4.8656 338 45 0.24
21 193 -0.88 139 123 -1.03  4.8887 344 45 0.06
22 -1.91 1.69 0.82 0.01 -0.18 4.8725 2.50 40 1.00
23 1.55 122 2.00 -1.27 -0.19 4.8609 2.01 43 0.58
24 0.52 -137 124 049 -0.27 4.8876 3.38 45 0.12
25 2.00 -0.95 -0.03 -0.55 -0.33 4.8853 3.45 45 0.11
26 -0.73 -1.20 2.00 -1.00 -0.05 4.8612 3.11 44 0.36
27 020 1.60 -1.51 051 -0.06  4.8725 250 45 0.88
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ademaugu @awdsdnsda)  dude A seu  mifianely
Iteration ‘ - -

A B C D E gudnan WA nawaa 53u
28 -1.29 0.10 0.31 -0.46 -0.71 4.8714 3.33 45 0.36
29 1.67 0.15 2.00 -2.00 -0.31 4.8725 2.19 40 1.00
30 200 -0.15 0.06 0.19 -0.95 48661 338 45 0.26
31 <070 159 -1.42 200 032  4.8647 2.51 45 0.67
32 200 -0.11 118 -0.69 -0.79  4.8574 320 45 0.20
33 1.83 038 -0.61 025 -0.96  4.8558 339 45 0.07
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. iode GATALY A 501U
" A B C D E  guinan  wenwdy  nawan
1 4583 072 125 3379 011 48750 2.26 37
2 458 072 125 3379 011 48750 3.04 37
3 4583 072 125 3379 011 48790 2.82 37
4 4,583 0.72 1.25 3,379 0.11 4.8790 3.46 37
5 4,583 0.72 1.25 3,379 0.11 4.8790 3.27 37
6 4583 072 125 3379 011 48800 2.60 37
7 4583 072 125 3379 011 48770 176 37
§ 4583 072 125 3379 011 48770 2.40 37
9 4583 072 125 3379 011  4.8800 3.39 37
10 4,583 0.72 1.25 3,379 0.11 4.8810 2.09 37
MmN 2 Joyadmiunstudunanisiinnei Geurdand 2)

. ifade LAY AN 301
\ A B C D E  guinan  wenwdy  nawan
1 4583 072 125 3379 0.1l 4.875 176 37
2 458 072 125 3379 0.1 4.875 3.09 37
34583 072 125 3379 0.1l 4.875 2.91 37
4 4,583 0.72 1.25 3,379 0.11 4.875 3.09 37
5 4,583 0.72 1.25 3,379 0.11 4.874 3.38 37
6 4583 072 125 3379 0.1 4.877 2.74 37
7 4583 072 125 3379 0.1 4.88 2.68 37
8 458 072 125 3379 0.1l 4.877 3.26 37
9 4,583 0.72 1.25 3,379 0.11 4.881 2.53 37
10 4,583 0.72 1.25 3,379 0.11 4.879 2.11 37
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