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## 4471443521 : MAJOR INDUSTRIAL ENGINEERING

KEY WORD: CROWN INDUCEMENT OF WRITE/READ HEAD / FRACTIONAL FACTORIAL DESIGN /
UNREPLICATED FACTORIAL DESIGN / 2 LEVELS FACTORIAL DESIGN / TEST OF
HYPOTHESIS ON VARIANCE

WATCHARASAK THAWEESUK : THE STUDY OF FACTORS EFFECTING THE
CROWN INDUCEMENT OF WRITE/READ HEAD ASSEMBLY OF HARD DISK
DRIVE BY USING THE DESIGN OF EXPERIMENT. THESIS ADVISOR : ASSOC.
PROF. DR. PARAMES CHUTIMA, 115 pp. ISBN 974-17-3841-2.

The objectives of this thesis are to study the factors in the write/read head
assembly process effecting the Crown inducement of the write/read head and to
propose the more optimum process conditions in order to reduce the standard deviation
of the Crown inducement to be at 0.033 micro-inch. The research begins with the
development of cause and effect diagram to identify all possible factors effecting the
Crown inducement. From the diagram, the 6 potential factors were selected including
locations of structural adhesive, location of conductive adhesive, size of structural
adhesive, size of conductive adhesive, distance between UV light guide and write/read
head, and UV exposure time. Due to the limitations of raw material and time availability,
the 2-Levels One-Half Fractional of 2° Factorial design is selected for this experiment.
The result shows that the 4 factors among 6 of them are significantly effecting the Crown

inducement.

The proposed.-process, conditions are; the structural adhesive locations should
be 32 mil. apart in x-direction, the conductive adhesive location should be at 36 mil.
from the reference hole iny-direction and the others should be set at the current setup.
From the result of the confirmation experiment gives the average and standard deviation
of the Crown inducement at 0.0481 and 0.0309 micro-inch respectively and reveals that
the proposed process conditions can significantly reduce the standard deviation of the

Crown inducement to be at 0.033 micro-inch.

Department..... Industrial Engineering....... Student’s signature............cccccoveeeveeeveeeneea.
Field of study.....Industrial Engineering...... Advisor's signature..............ccccoceeveveeveeeveenenn.

Academic year.............. 2003 .. Co-advisor's Signature...............c.oeeevevevevenne.,
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| Distributions

| D_Crown
S || Quantiles || Moments
2 100.0% maximum 0.34000 Mean 0.1332343
§ 99.5% 0.34000 | Std Dev 0.0613042 |
9 97.5% 0.28160  Std Err Mean 0.0046342
g 90.0% 0.22180  upper 95% Mean 0.1423808
‘25 75.0% quartile 0.16300 lower 95% Mean 0.1240878
50.0% median 0.12500 N 175
25.0% quartile 0.09300
10.0% 0.06100
2.5% 0.03820
' 0.5% 0.00000

| 0.0% minimum 0.00000
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Basic Design =5 Delta Crown
S o=
Std Run F= g g
Order | Order | A B C D E ABCDEF o g Avg. _|n(32)
= O
O
1 15 [ 1 ] 1] 1] 1] 1 -1 (1)
2 11 1 -1 -1 -1 -1 1 af
3 24 -1 1 -1 -1 -1 1 bf
4 30 1 1 -1 -1 -1 -1 ab
5 31 -1 -1 1 -1 -1 1 cf
6 1 1 -1 1 -1 -1 -1 ac
7 16 -1 1 1 -1 -1 -1 bc
8 13 1 1 1 -1 -1 1 abcf
9 3 -1 -1 -1 1 -1 1 df
10 2 1 -1 -1 1 -1 -1 ad
11 22 -1 1 -1 1 -1 -1 bd
12 7 1 i -1 1 -1 1 abdf
13 29 -1 -1 1 1 -1 -1 cd
14 10 1 -1 1 1 -1 1 acdf
15 26 -1 1 1 1 -1 1 bcdf
16 32 1 1 1 1 -1 -1 abcd
17 20 -1 -1 -1 -1 1 1 ef
18 21 1 -1 -1 -1 1 -1 ae
19 23 -1 1 -1 -1 ] -1 be
20 19 1 1 -1 -1 1 1 abef
21 9 -1 -1 1 -1 1 -1 ce
22 4 1 -1 1 -1 1 1 acef
23 28 -1 1 1 -1 1 1 bcef
24 25 1 1 1 -1 1 -1 abce
25 17 -1 -1 -1 1 1 -1 de
26 27 1 -1 -1 1 1 1 adef
27 18 -1 1 -1 1 1 1 bdef
28 14 1 1 -1 1 1 -1 abde
29 6 -1 -1 1 1 1 1 cdef
30 8 1 -1 1 1 1 -1 acde
31 5 -1 1 1 1 1 -1 bcde
32 12 1 1 1 1 1 1 abcdef
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6.2.1 M3uaIzHA 51531 (Analysis of Variance)

LLWHﬂ’lﬁ°Vlﬂﬁ’f]QLW‘I?ﬂ%uu@ﬁLLUUﬂ?QWﬁQGUEN 2K lW\Iﬂ‘ﬂ@GEJﬁ (One — Half Fractional
k . 09/’ A o A 1 Yoy 9
of the 2" Design) U# NRVNHUVNUNWDINITAATUIUEANTINAND LW@GIS'JEJLLﬂ‘]_IﬂJUW']ﬂ"ﬁGlGB

ninensitogoedradmamnmulyl Taelduannis Sparsity of Effects Principle #9vz1inen

r v
5197 6.1 LAANHANITNADBNYBNINNA 32 YANIINAON

Basic Design - Delta Crown
S =
Std | Run == £ §
Order [Order | A | B | C | D E | ABCDEF ‘g’; = Avg. -In(S?)

- O

O
1 15 -1 -1 -1 -1 -1 -1 (1) 0.09061 | 8.99422
2 11 1 -1 -1 -1 -1 1 af 0.05448 | 6.50098
3 24 -1 1 -1 -1 -1 1 bf 0.08691 | 6.20622
4 30 1 1 -1 -1 -1 -1 ab 0.12005 | 6.64047
5 31 -1 -1 1 -1 -1 1 cf 0.08339 | 6.25189
6 1 1 -1 1 -1 -1 -1 ac 0.07586 | 7.58371
7 16 -1 1 1 -1 -1 -1 bc 0.16502 | 6.71846
8 13 1 1 1 -1 -1 1] abcf 0.14726 | 6.43533
9 3 -1 -1 -1 1 -1 1 df 0.09795 | 9.66926
10 2 1 -1 -1 1 -1 -1 ad 0.08055 | 6.48866
11 22 -1 1 -1 1 -1 -1 bd 0.15437 | 7.70461
12 7 1 1 -1 1 -1 1 abdf 0.24693 | 5.59351
13 29 -1 -1 1 1 -1 -1 cd 0.12446 | 6.17832
14 10 1 -1 1 1 -1 1 acdf 0.07371 | 7.29307
15 26 -1 i i 1 -1 1 bcdf 0.24739 | 5.98035
16 32 1 q 1 1 -1 -1 abcd 0.19349 | 6.05754
17 20 -1 -1 -1 -1 1 1 ef 0.05888 | 6.56468
18 21 1 -1 -1 -1 1 -1 ae 0.08941 | 5.84126
19 23 -1 1 -1 -1 1 -1 be 0.03931 | 5.44752
20 19 1 1 -1 -1 1 1 abef 0.16858 | 5.32664
21 9 -1 -1 1 -1 1 -1 ce 0.08878 | 7.40463
22 4 1 -1 1 -1 1 1 acef 0.07857 | 6.44175
23 28 -1 1 1 -1 1 1 bcef 0.09777 | 6.38708
24 25 1 1 1 -1 1 -1 abce 0.13710 | 5.86972
25 17 -1 -1 -1 1 1 -1 de 0.12489 | 7.07683
26 27 1 -1 -1 1 1 1 adef 0.06989 | 6.98761
27 18 -1 1 -1 1 1 1 bdef 0.14645 | 6.77919
28 14 1 1 -1 1 1 -1 abde 0.16482 | 6.97410
29 6 -1 -1 1 1 1 1 cdef 0.13776 | 6.56503
30 8 1 -1 1 1 1 -1 acde 0.12308 | 5.73287
31 5 -1 1 1 1 1 -1 bcde 0.19814 | 6.73666
32 12 1 1 1 1 1 1 abcdef | 0.21595 | 7.10731
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Yade320An3ga (High - Order Interactions) &uinvz lifianiwa (Effect) aosdauls
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(Defining Relation) | = ABCDEF &4z iianina (Effect) voailadena9saunuaail

A + BCDEF BC + ADEF ABC + DEF

B + ACDEF BD + ACEF ABD + CEF

C + ABDEF BE + ACDF ABE + CDF

D + ABCEF BF + ACDE ABF + CDE

E + ABCDF CD + ABEF ACD + BEF

AB + CDEF CE + ABDF ACE + BDF

AC + BDEF CEETABDE ACF + BDE

AD + BCEF DE + ABCF ADE + BCF

AE + BCDF DF + ABCE ADF + BCE

AF + BCDE EF + ABCD AEF + BCD
Taofi A An  awmvavesnmiaseaiie

B A9 AurusveIndi v

C An  vuAvedn Inseas

D An  vwaveanaih lwih

E Ao seegrnIndaenetiinas UV dednaulseneu
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BC feo  199859m5enInN B uaz C

BD fe  19985m3enIe B uag D
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Normal Probability Plot of the Effects
(response is D_Cn_Av, Alpha = .05)
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31Ji1 6.1 Normal Probability Plot Y04 Effects daaswansgnusionui/saouaued D_Cn_Av

Pareto Chart of the Effects

(response is D_Cn_Avy, Alpha = .05, only 30 largest effects shown)
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Normal Probability Plot of the Effects
(response is DCn_InS2, Alpha = .05)
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31/i1 6.3 Normal Probability Plot ¥ad Effects Fiaswanssnusionulsaouaued

DCn_in(S’)

Pareto Chart of the Effects

(response is DCn_InS2; Alpha = .05, only 30 largest effects shown)
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Fractional Factorial Fit: D_Cn_Av versus A,B,C, D
Estimated Effects and Coefficients for D_Cn_Av (coded units)
Term Effect Coef SE Coef T P
Constant 0.124432 0.005007 24.85 0.000
A 0.006104 0.003052 0.005007 0.61 0.548
B 0.067327 0.033663 0.005007 6.72 0.000
C 0.024604 0.012302 0.005007 2.46 0.021
D 0.051116 0.025558 0.005007 5.10 0.000
A*B 0.026250 0.013125 0.005007 2.62 0.015
B*D 0.024576 0.012288 0.005007 2.45 0.021
Analysis of Variance for D_Cn_Av (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 4 0.062306 0.062306 0.0155765 19.42 0.000
2-Way Interactions 2 0.010344 0.010344 0.0051722 6.45 0.006
Residual Error 25 0.020056 0.020056 0.0008022
Lack of Fit 9 0.007706 0.007706 0.0008562 1.11 0.409
Pure Error 16 0.012350 0.012350 0.0007719
Total 31 0.092707
Aq’ a 4 o
M51N 6.3 msuasIeaNuulsisiuvesnwlsaeuaued DCn_InS2
Fractional Factorial Fit: DCn_InS2 versus A, B, C, D
Estimated Effects and Coefficients for DCn_InS2 (coded units)
Term Effect Coef SE Coef T P
Constant 6.6731 0.1508 44.24 0.000
A 0.1658 0.0829 0.1508 0.55 0.587
B -0.6014 -0.3007 0.1508 -1.99 0.057
C 0.5713 0.2857 0.1508 1.89 0.070
D -0.1764  -0.0882 0.1508 -0.58 0.564
A*B -0.1237 -0.0618 0.1508 -0.41 0.685
B*D 0.4902 0.2451 0.1508 1.63 0.117
Analysis of Variance for DCn_InS2 (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 4 5.973 5.973 1.4933 2.05 0.118
2-Way Interactions 2 2.045 2.045 1-0225 1.40 0.264
Residual Error 25 18.198 18.198 0.7279
Lack of Fit 9 7.486 7.486 0.8318 1.24 0.337
Pure Error 16 10.712 10.712 0.6695
Total 31 26.217

6.2.3 N15A5IDAOUAINGNABIVIA MUY (Model Adequacy Checking)
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Normal Probability Plot of the Residuals
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Normal Probability Plot of the Residuals
(response is DCn_InS2)
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Residuals Versus the Order of the Data
(response is D_Cn_Av)
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Residuals Versus the Order of the Data
(response is DCn_InS2)
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5 10 15 20 25 30
Observation Order
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Residuals Versus the Fitted Values
(response is D_Cn_Av)
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Main Effects Plot (data means) for DCn_InS2
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MTNN Y1 Percentage Points of the y~ Distribution -

a

14 0.995 0.990 0.975 0.950 0.500 0.050 0.025 0.010 0.005

1 0.00+ 0.00+ 0.00+ 0.00+ 0.45 3.84 5.02 6.63 7.88
2 0.01 0.02 0.05 0.10 1.39 5.99 7.38 9.21 10.60
3 0.07 0.11 0.22 0.35 2.37 7.81 9.35 11.34 12.84
4 0.21 0.30 0.48 0.71 536 9.49 11.14 13.28 14.86
5 0.41 0.55 0.83 1.15 4.35 11.07 12.38 15.09 16.75
6 0.68 0.87 1.24 1.64 ©.86 12869 14.45 16.81 18.55
7 0.99 1.24 1.69 217 6.35 14.07 16.01 18.48 20.28
8 1.34 1.65 2.18 2.73 7.34 15.61 17.53 20.09 21.96
9 1.73 2.09 2.70 533 8.34 16.92 19.02 21.67 23.59
10 2.16 2.56 3.256 3.94 9.34 18.31 20.48 23.21 25.19
" 2.60 3.05 3.82 4.57 10.34 19.68 21.92 24.72 26.76
12 3.07 3.57 4.40 5.23 11.34 21.03 23.34 26.22 28.30
13 3.57 4.11 5.01 5.89 12.34 22.36 24.74 27.69 29.82
14 4.07 4.66 5.63 6.57 13.34 23.68 26.12 29.14 31.32
15 4.60 5.23 6.27 7.26 14.34 25.00 27.49 30.58 32.80
16 5.14 5.81 6.91 7.96 15.34 26.30 28.85 32.00 34.27
17 5.70 6.41 7.56 8.67 16.34 27.59 30.19 33.41 35.72
18 6.26 7.01 8.23 9.39 17.34 28.87 31.53 34.81 37.16
19 6.84 7.63 8.91 10.12 18.34 30.14 32.85 36.19 38.58
20 7.43 8.26 9.59 10.85 19.34 31.41 3417 37.57 40.00
25 10.52 11.52 13.12 14.61 24.34 37.65 40.65 44.31 46.93
30 13.79 14.95 16.79 18.49 29.34 43.77 46.98 50.89 53.67

40 20.71 22.16 25.48 26.51 39.34 55.76 59.34 63.69 66.77

50 27.99 29.71 32.36 34.76 49.33 67.50 71.42 76.15 79.49

60 35.53 37.48 40.48 43.19 59.33 79.08 83.30 88.38 91.95

70 43.28 45.44 48.76 51.74 69.33 90.53 95.02 100.42 104.22

80 51.17 53.54 57.15 60.39 79.33 101.88 106.63 112.33 116.32

90 59.20 61.75 65.65 69.13 89.33 113.14 110.14 124.12 128.30

100 67.33 70.06 74.22 77.93 99.33 124.34 129.56 135.81 14017
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