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Autchareeya Natepukkana 2014: Determination of the Optimal Parameters in the
Anisotropic Conductive Film Bonding Process for Head Stack Assembly in Hard Disk
Drives Using Design of Experiments. Master of Engineering (Industrial Engineering),
Major Field: Industrial Engineering, Department of Industrial Engineering.

Thesis Advisor: Assistant Professor Chuckaphun Aramphongphun, Ph.D. 111 pages.

This research aims to study significant parameters and determine the optimal parameters
in the Anisotropic Conductive Film (ACF) bonding process for Head Stack Assembly (HSA) in
hard disk drives by considering the important quality characteristic, which is the peel force of
ACEF film. The ACF bonding process has been recently developed to replace the Ultrasonic Trace
Bonding process because it can significantly reduce the cycle time and failure of the bonding.
According to a case study plant and literature, it was found that the parameters that significantly
affected the process efficiency included (i) bonding temperature, (ii) bonding time, and (iii)
bonding weight. In this research, a 2-level Factorial design of multiple responses, including mean
peel forces at 4 heads and standard deviation of the peel forces, was employed to optimize the

parameters in the ACF bonding process for HSA.

According to the experimental analysis, it was found that the optimal parameters were set
at the bonding temperature of 170 °C, the bonding time of 5 seconds and the bonding weight of 6
kg, where the predictive values of maximum mean of the peel force at HD, HD,, HD, and HD,
were 40.40, 40.37, 44.21, 39.85 g, , respectively, and minimum standard deviation of the peel
force was 3.952 g.. These values were in the target range of the case study factory. According to
the confirmation experiments, it was found that 95% confidence intervals of the maximum mean
of the peel force at HD,, HD,, HD,, HD, and minimum standard deviation of the peel force was

correspondent with the predictive values and target range of the case study factory.
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Bonding Temperature 200degC
Bonding Time 10 sec
Bonding Pressure 3 MPa
Particle Diameter 10 micron
Adhesive Thickness 40 micron
Pitch (minimum) 200 micron
Minimum Pad Area 0.15 sq. mm
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M3199 4 HAN13NAADILTIAIADNTANN1IY0N HD,, HD,, HD, 1az HD,

48

Parameters Peel Force (g,)
Run Order Temp Time Weight
HD, HD, HD,  HD,
O (sec) (kg)

1 210 5 6 73.9 57.8 90.0 98.2
2 170 10 6 53.6 45.1 62.8 53.7
3 210 5 6 82.7 85.8 83.3 103.0
4 210 5 2 66.2 60.3 50.2 57.2
5 210 10 2 101.8 94.7 90.9 96.5
6 210 5 2 70.2 64.8 63.4 66.3
7 210 10 6 117.0 126.6 98.9 114.0
8 210 10 6 105.6 107.4 106.4 127.9
9 170 10 6 67.6 74.2 61.3 71.1
10 210 10 2 124.2 92.7 81.2 89.3
11 170 10 6 76.7 75.6 61.1 77.9
12 170 5 2 51.0 37.4 40.4 37.4
13 170 10 6 68.6 58.8 64.0 92.6
14 210 10 2 96.4 85.9 77.2 84.4
15 210 5 6 96.7 94.1 103.2 107.5
16 170 10 2 36.5 39.2 33.1 34.0
17 170 10 2 50.6 329 40.5 41.5
18 210 5 6 85.1 83.6 86.6 107
19 170 10 6 100.2 77.8 87.5 82.9
20 170 5 2 36.9 34.4 38.9 31.5
21 210 10 6 109.3 91.8 119.1 119.4
22 210 10 2 95.2 85.0 74.0 91.4



3197 4 (AD)

Parameters Peel Force (g,)
Run Order Temp Time Weight
HD, HD, HD, HD,
O (sec) (kg)

23 210 10 6 112.1 100.2 103.2 104.9
24 210 5 2 59.3 68.3 60.7 64.5
25 170 5 6 48.5 47.8 42.4 41.2
26 170 10 2 39.6 36.1 41.1 40.0
27 170 5 6 35.0 40.5 40.5 423
28 170 5 2 38.6 37.3 36.8 41.5
29 170 5 6 48.8 40.1 50.6 42.9
30 210 5 6 62.1 58.7 77.2 91.3
31 170 10 2 48.3 43.5 36.6 52.3
32 210 10 2 96.3 99.5 82.3 105.0
33 170 10 2 35.6 37.3 33.1 442
34 210 5 2 65.9 60.7 38.5 433
35 170 5 2 43.9 41.2 40.2 31.9
36 210 5 2 68.4 60.7 64.2 43.9
37 170 5 6 35.4 31.8 34.2 36.6
38 170 5 2 42.1 323 32.5 42
39 170 10 2 58.2 53.5 48 53.7
40 170 5 6 38.4 28.8 30.7 34.1
41 210 10 6 128.6 107.8 95.6 118.9
42 170 5 2 46.7 39.8 34.1 32.6
43 170 10 6 49.9 514 54.5 70.9
44 210 5 6 68.7 79.9 99.9 82.4
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3197 4 (AD)

Parameters Peel Force (g)
Run Order Temp Time Weight
HD,  HD, HD,  HD,
O (sec) (kg)

45 210 10 6 114.2 111.5 99.3 91.4
46 210 10 2 110.2 84.2 96.7 106.7
47 210 5 2 65.1 80.0 48.1 52.2
48 170 5 6 35.5 38.1 40.9 37.0
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[ o 1 1 { a o
AMUBLAaEHa 1dun HD,, HD,, HD, tag HD, tazAndeuuumaiguuesiasasnila

a a [ A = 1 | = Y
n7 Tagvzd asauuagiunan (H) o1 P-value < 0.10 Fausoonidu 2 nsal 1aun

a a Jd o
1.1.1 MINAFDUANUATIUVBINITINADTHAN (Test of Main Factors) gﬂu’uu

M lvesauuaguinlslumsnaaey Ao

H, : Yadenan lilinasdomauisaotauns
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1.1.2 MInaaauauuagIuuediladesau (Test of Interaction Factors) 311111

M lvesauuaguinlslumsnaaey Ao

H, : fladeswlutinanemdnilsaovaues

H, : adesniinanemaiilsnouduos

1.2 msmmuagduuuaums (Model)

V=M + T+ B+ v+ (@B)ij + (V)i + (BY) ji + (@BY)ijk + €ijia
A o Y A LY a 4
Wwen mual i A9 TLAUVVDINITIUNDT A; (=1 LAY 2)
A [ a 4
j A9 ITAVUDINITINNDT B; (=1 1AL 2)
ko i%ﬁﬂﬂlﬁ)\‘lw1i1ﬁlﬁﬁ)§c; (k=1 uag 2)

Y
[ A9 UIUMIIINMINAA0IH; (= 1,2, 3, 4, 5 1AL 6)

{ Y 1 { ard J o J
Tagil y,, Ao Mdwlsaeuanes (Arndeussdaenilauniveudazia Taun

1 H af 0’ T
HD,, HD,, HD, ita& HD; uazmrﬁﬂqmummgmmmzmﬁqaeﬂwauma) VOINTNAADIN

990 A Nszav i ave B Nszavj 938 C NIz &

= ' dl
u A9 ANRNAYIIN (Grand Mean)
A ' v A o A .
T; Ao MHANTENUV0ILa98 A NTZAUN i
A ' o A o A y
ﬁj Ao MHanszNUVe9ilade B NITAUN
A ' [ A o A
Yk Ao MHaNIzNUV09iade C NTzAUN k

A 1 1 (% d' v . v d‘ v .
(tB)ij 0o muansznuTwvesilate A Nszau i uazilade B Nszau j
A 1 1 @ A [ . [ A %
(tY)y Ao AwWansznuImueeilade A Nszau i tazilate C Nz k
A 1 1 Y] A [ . U @ A (3
By)j o MuansznuTIwvesilade B nszau j azilade C N5za k
= 1 1 [ A [ . [ A 2 .
@BY)iji D muansznuTIwvesilate A Nszau i 1998 B Nzal juag
lade C Nszav k

€l NO AMHANAIATBINITNAADN
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2. M3UAT1ZHANNNY5U5IU (Analysis of Variance, ANOVA)

2 a o Ay ¥ ~
Lﬂumiamiwwwam'i1/1@aaw"lm”mmivmaammuwumsmamuuuuﬂwaﬁﬂa

Bzl 2 sedy daaasluaingd 4 TasmsianzianuulsdsudeTsunsuduFagl

.. A v A 1 1 = = a1 d 1 o 9 1
Minitab e 1iatenadinanon LR aens 1@IaenNaun1Ivemaz i) Ulﬂllﬂ HD,, HD,, HD,

oA =< a o = a2 Y d"
iag HD, uazmmaqmummsgmmmmmmanﬂauﬂn UIgazvyn AU

a 1 A =< a o o A
2.1 MIAATICHAURDUUTIAAONWANNIVOIHIN 0 (HDO)

a 4
2.1.1 mMsunsizranuulslsiv

¥ < o
i]TﬂSU?JlI”aWﬁﬂ'li‘ﬂﬂEIENG]'I?JLLNL!ﬂ1§‘1/lﬂﬁ€]\‘1llflJ°ULLT\|ﬂ‘VlE]L§fJamiJE“]J 23¥A1

1 A = a o o A a 4 9
YOIAURAYLTIAAONNANNININ 0 (HDO) manammmxﬂﬂ’nuuﬂiﬂﬁaumﬂﬂmﬂﬁu

.. & <
Minitab FUdA9 IUA1T19N 5

d‘ a L4 1 A = ad o A
MI1N 5 A1519MIAATIEHANNLY s INveIAIRALIs IRsaeNWaNN1IHIN 0 (HDO)

wdennuiunls  mauInMdeEes  esmual  mMBEMAYIN SATIEIUE M
(Source) (SS) (df.) (MS) F) P-value
A 20377.5 1 20377.5 193.81 0.000
8300.3 1 8300.3 78.94 0.000
C 1485.2 1 1485.2 14.13 0.001
A*B 1430.1 1 1430.1 13.60 0.001
A*C 0.9 1 0.9 0.01 0.926
B*C 494.1 1 494.1 4.70 0.036
A*B*C 651.2 1 651.2 6.19 0.017
Error 4205.6 40 105.1
Total 36944.9 47
S=10.2538 PRESS = 6056.10

R-Sq = 88.62%

R-Sq (pred) = 83.61%

R-Sq (adj) = 86.62%
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a 4 1 = = a d v A
1AA1519MIAATIEHANNLY YT IMveIn IR RS Rsaenaun1IIn 0
(HD,) Tum5199 5 wun NszauiedrAainy 0.10 vrameniitiodnny laun mewu A, B, C,
Y] ~ 1 o o w 1 :JI o a 4
A*B, B*C 1ag A*B*C aamond hilidedaneon 1dun meu A*C ammiuhimsiniizg

anuudsidsuvesdoyalvi uaasluaisied 6

4‘ a 4 1 ~ = ad v A
M3 6 M1519MIAATITHANULY TS INVeIAIRALILTIRaRNNANN1ININ 0 (HDO)

2 v o w

nasnaameui lilivednnyoon
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imaen sl WauInAEiaes  earIEs  AURRENAIN  SATIEIUF o
(Source) (SS) (df.) (MS) (F) P-value

A 20377.5 1 20377.5 198.61 0.000
8300.3 1 8300.3 80.90 0.000

C 1485.2 1 1485.2 14.48 0.000

A*B 1430.1 1 1430.1 13.94 0.001

B*C 494.1 1 494.1 4.82 0.034

A*B*C 651.2 1 651.2 6.35 0.016

Lack of Fit 0.9 1 0.9 0.01 0.926

Error 4205.6 40 105.1

Total 36944.9 47

S =10.1291 PRESS = 5765.52

R-Sq = 88.61% R-Sq (pred) = 84.39% R-Sq (adj) = 86.95%

a L4 1 A =2 ard o A
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o @ 1

(HD,) viasnndamenh hilivedngeonlumseil 6 wun Aszauiisdaginy 0.10 40

[
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AN 6 A1 R-Sq (ad)) IMNAL 86.95% WHB8AINIT ANNAULITVOS
' = = a o A a vy o 2 v
AuNoLIIAIaeNlann11IN 0 (HD,) amnsoesuie ladieunuiinosnnnoeii 10 86.95%

4 4
uazdeteauudgiulumsnageuaNuIN auveLUIaenaney 1 Al
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H,: HUUTIADIDADDINANUH L T

H,: HUVIIADIDANDYVIAANUN NI AL

91NA13199 6 A1 P-value Y04 Lack of Fit 1911111 0.926 F9110AINTLH
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Y., = 70.029 + 20.604*Temp + 13.150*Time + 5.563*Weight + 5.458* Temp*Time

HDO

+3.208*Time*Weight — 3.683*Temp*Time*Weight (14)
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2.1.2 MIATIADUANUNDINBIVDILULI18049 (Model Adequacy Checking)
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Probability Plot of Residual
Normal
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L ] Mean -2.66454E-15
StDev 9.460
N 48
AD 0.625
P-Value 0.098
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Versus Fits
(Response is Peel Force of HDO)
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2.1.3 MsmruamaulsaeuausInanga
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a J <
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a d v A 9 o o 1 a S A kY
aanWauN1IveIN 0 (HD,) Teslwuuuiiassnaneslumsmnuaamslineinanganie

) o < .. o 1w
#an9u Response Optimizer 11 Tsunsudu5ogi Minitab Tagsviualdmaulsaouaues
A A A . . =& o 1 1 = a|d [
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Y
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i Temp Time Weight
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ur . .
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d = 1.0000

J { a o o A
ﬂTV‘WI 23 ﬂTﬁWﬁ@ﬂﬂWWWiWNm@ ﬁ;ﬂﬂ]ﬂﬂﬂ%ﬂaﬂlli\iﬁ\iﬁ@ﬂi"lﬁﬂﬂ"l')ﬂ')ﬁ 0 (HDO)

s .. ..
Nnlandu Response Optimizer TuTdsun54 Minitab

NNNMMMIHADARTINTITIADS qmmﬁmémmﬁmaﬂﬂﬁumaﬁ’a‘ﬁ
0 (HD,) Tunmii 23 ausneSuiedamnnimesianaa fe Neanai 210 esruvaiFed
a1 10 Junii wazaimiin 6 Alandy dmiunszuaumstaia ACE Ml 1dmundensifaen
dunnfnndige iy 11433 n3uuse uasaanuiianely (Desirability) 15U 1 (100%)
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a g d’ = ad o d'
2.2 MIWATIEHAURABLTIADNWAVNIVOININ 1 (HD))
a 4
2.2.1 MsunsIzrinNumlilsiuv

3 Y
iﬂﬂelslj@lluﬁNﬁfﬂi‘VIﬂEIENG]'IiJLLNHﬂ1§TIﬂﬁE]\‘1LL“U“ULW\IﬂTIE]Gﬂal@mgﬂ 295¢a1
1 d‘ = a o Y] d' a 4 Y
YBIAURABLTIAADNWANNIININ 1 (HD)) sarnsHaNnulsisiuaiellsunsy

4 4
Minitab #ataaal1a15199 7

d' a L4 1 A =< ad o A
MM 7 M5MIAATIzHANULYsUsINveInuRfeLsRsasnaun1IIN 1 (HDI)

A NNAMNYs  wauINMasEes  e9ANEs  AUNAYNALIN OAIEIUF R

(Source) (SS) (df.) (MS) F) P-value

A 19485.1 1 19485.1 204.36 0.000
5386.9 1 5386.9 56.50 0.000

C 2047.5 1 2047.5 21.47 0.000

A*B 511.6 1 511.6 5.37 0.026

A*C 11.3 1 11.3 0.12 0.732

B*C 630.0 1 630.0 6.61 0.014

A*B*C 198.0 1 198.0 2.08 0.157

Error 3813.9 40 95.3

Total 32084.4 47

S =9.76464 PRESS = 5492.06

R-Sq=288.11% R-Sq (pred) = 82.88% R-Sq (adj) = 86.03%

a L4 1 A =2 a o o A
NNMINMIAATIZHEANULLsUT NIRRT IRIaenTaNN1I¥IN |

v
~ @ v o w 1

(HD,) Tums190 7 wun Nszauiedrnaiiny 0.10 vrameniitiodney laun mew A, B, C,

2 v o w

' Y
A*B tag B*C aamoui luiiiedanenn laun mou A*C tag A*B*C 210U

9

a 4 9 [} ~
3!?]3131’??]31‘11L!ﬂﬁﬂi’)um@ﬁlﬂgﬁiﬁu e lun1s19n 8



4‘ a 4 1 ~ = ard v A
M319N 8 MM AATIZHANNLY TS INYeIALRReLsIRsaenaun1IIN | (HDI)

2 v o w

nasnaameui lilivedrnyoon

uraInNNAUNls  wauINMasaes  e9ANEs  AUNAYNALIN  OMIIEIUF m

(Source) (SS) (df.) MS) (1) P-value

A 19485.1 1 19485.1 203.41 0.000
5386.9 1 5386.9 56.24 0.000

C 2047.5 1 2047.5 21.37 0.000

A*B 511.6 1 511.6 5.34 0.026

B*C 630.0 1 630.0 6.58 0.014

Lack of Fit 209.4 2 104.7 1.10 0.343

Error 3813.9 40 953

Total 32084.4 47

S =9.78736 PRESS = 5254.90

R-Sq = 87.46% R-Sq (pred) = 83.62% R-Sq (adj) = 85.97%

a L4 1 A = ard o A
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Y., = 64.935+20.148*Temp + 10.594*Time + 6.531*Weight + 3.265*Temp*Time

HDI1

+3.623*Time*Weight (15)
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2.2.2 MIATIVADUANUNDINSIVDILULI1049 (Model Adequacy Checking)
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Probability Plot of Residual
Normal
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StDev 9.252
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Probability Plot of Residual
Normal

Mean 2.220446E-15
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4‘ U = ard A Y o
M990 13 A1 In S.D. Lliﬂﬂﬂaﬂﬂ‘ll\lallﬂ"I’J‘Vlulﬂmﬂﬂ”ﬁﬂWU’Jm

Parameters Peel Force (g)
Run In S.D.
Temp Time  Weight
Order HD, HD, HD,  HD, (g
O (sec) (kg)
1 210 5 6 73.9 57.8 90.0 98.2 2.88483
2 170 10 6 53.6 45.1 62.8 53.7 1.97799
3 210 5 6 82.7 85.8 83.3 103.0  2.26461
4 210 5 2 66.2 60.3 50.2 57.2 1.89627
5 210 10 2 101.8 94.7 90.9 96.5 1.51092
6 210 5 2 70.2 64.8 63.4 66.3 1.07603
7 210 10 6 117.0 126.6 98.9 114.0  2.44103
8 210 10 6 105.6 107.4 1064 1279 237416
9 170 10 6 67.6 74.2 61.3 71.1 1.71099
10 210 10 2 124.2 92.7 81.2 89.3 2.93708
11 170 10 6 76.7 75.6 61.1 77.9 2.06343
12 170 5 2 51.0 374 40.4 374 1.86513
13 170 10 6 68.6 58.8 64.0 92.6  2.70445
14 210 10 2 96.4 85.9 77.2 84.4  2.06936
15 210 5 6 96.7 94.1 103.2  107.5  1.80828
16 170 10 2 36.5 39.2 33.1 34.0 1.00834
17 170 10 2 50.6 32.9 40.5 41.5 1.98106
18 210 5 6 85.1 83.6 86.6 107 2.39956
19 170 10 6 100.2 77.8 87.5 82.9 2.26071
20 170 5 2 36.9 344 389 315 1.16295
21 210 10 6 109.3 91.8 119.1 119.4  2.56085
22 210 10 2 95.2 85.0 74.0 91.4 222748
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M13199 13 (19)

Parameters Peel Force (g)
Run In S.D.
Temp Time Weight
Order HD, HD, HD, HD, (g)
0 (sec) (kg
23 210 10 6 112.1 100.2 103.2 1049  1.62038
24 210 5 2 59.3 68.3 60.7 64.5 1.39823
25 170 5 6 48.5 47.8 42.4 41.2 1.31097
26 170 10 2 39.6 36.1 41.1 40.0 0.77094
27 170 5 6 35.0 40.5 40.5 423 1.15242
28 170 5 2 38.6 37.3 36.8 41.5 0.74570
29 170 5 6 48.8 40.1 50.6 42.9 1.59441
30 210 5 6 62.1 58.7 77.2 91.3 2.70731
31 170 10 2 48.3 43.5 36.6 523 1.91020
32 210 10 2 96.3 99.5 82.3 105.0  2.26956
33 170 10 2 35.6 37.3 33.1 44.2 1.55964
34 210 5 2 65.9 60.7 38.5 433 2.58410
35 170 5 2 43.9 41.2 40.2 319 1.64383
36 210 5 2 68.4 60.7 64.2 43.9 2.37383
37 170 5 6 35.4 31.8 34.2 36.6 0.71754
38 170 5 2 42.1 323 32.5 42 1.71779
39 170 10 2 58.2 53.5 48 53.7 1.42910
40 170 5 6 38.4 28.8 30.7 34.1 1.43866
41 210 10 6 128.6 107.8 95.6 118.9  2.65551
42 170 5 2 46.7 39.8 34.1 32.6 1.85654
43 170 10 6 49.9 514 54.5 70.9 2.26953
44 210 5 6 68.7 79.9 99.9 82.4 2.55777
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M13199 13 (19)

Parameters Peel Force (g,)
Run In S.D.
Temp Time  Weight
Order HD, HD, HD, HD, (g
O (se) (kg)
45 210 10 6 114.2 111.5 99.3 91.4 2.36678
46 210 10 2 110.2 84.2 96.7 106.7 2.45663
47 210 5 2 65.1 80.0 48.1 52.2 2.66650
48 170 5 6 35.5 38.1 40.9 37.0 0.82457

lel o 1 = ard dl Y o a J
1NUUUIAT In S.D. mqmaaﬂWaumm"lmnﬂmimmmmnmﬂw

AMutl51591818 115105 Minitab Fauaadns19n 14

d' a 4 [ = a d
M3 14 MINNMTAATIZHANNTYSIUAT In S.D. 153099 NaNN1?

WHANNNAUAs  WaUINMAlEes  89ANas  AuRALNALIN OATIAIUE A

(Source) (SS) (df.) (MS) (F) P-value

A 5.6240 1 5.6240 28.22 0.000
0.8770 1 0.8770 4.40 0.042

C 0.6416 1 0.6416 3.22 0.080

A*B 0.4688 1 0.4688 2.35 0.133

A*C 0.0134 1 0.0134 0.07 0.797

B*C 0.3678 1 0.3678 1.85 0.182

A*B*C 1.4563 1 1.4563 7.31 0.010

Error 7.9712 40 0.1993

Total 17.4201 47

S =0.446408 PRESS = 11.4786

R-Sq = 54.24% R-Sq (pred) = 34.11% R-Sq (adj) = 46.23%
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WA NNAMNYS  WawINMAsEed  83ANas  AURALNALIN OATIAIUF M

(Source) (SS) (df.) (MS) (F) P-value
A 5.6240 1 5.6240 27.42 0.000
B 0.8770 1 0.8770 4.28 0.045
C 0.6416 1 0.6416 3.13 0.084
A*B*C 1.4563 1 1.4563 7.10 0.011
Lack of Fit 0.8499 3 0.2833 1.42 0.251
Error 7.9712 40 0.1993
Total 17.4201 47
S =0.452925 PRESS =10.9918
R-Sq=49.36% R-Sq (pred) = 36.90% R-Sq (adj) = 44.65%
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Probability Plot of Residual
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Parameters Peel Force (g,)
Run In S.D.
Temp  Time Weight HD, HD, HD, HD,
Order (g,.)
°C) (sec) (kg)
1 170 5 6 49.5 43.7 46.2 442 0.9677
2 170 5 6 442 47.5 41.3 42.5 0.9909
3 170 5 6 31.6 38.2 46.2 43.7 1.8685
4 170 5 6 39.9 38.6 37.6 43.7 0.9826

5 170 5 6 36.1 39.5 45.8 52 1.9500
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M519N 17 (519)

Parameters Peel Force (g,)
Run In S.D.
Temp Time Weight HD, HD, HD, HD,
Order (g)
(°O) (sec) (kg)
6 170 5 6 75.6 41.1 43.6 459 2.7821
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A A o ~ A ) a s A =l =1 VA
NNHaNMINAaeINagudURaNuaaslua 19N 17 i msizvimedTouneunin

Y SNY 1o A = ard A o A
Vlﬂmﬂmiwmmm llﬂ!,lﬂ ANRAYLTIAIAONNANNIINK HD,, HD,, HD, tta& HD, ¥1nNga

(MR 40.40, 40.37, 44.21 1AL 39.85 NSULTI ANEIF 11AZAT In S.D. 153AIaBANANNIT0Y

A 1T o A VoA = ad Y ~ 1 o
NgANINY 1.374 NTULUTI (1’1S’E)ﬂ"ll‘]_lENL°U“Ll11"I@]ﬁi1‘Ll"lJi’)\1Ll,'iQﬂﬂﬁ@ﬂwaNﬂT’Juﬂﬂﬂf‘IﬂLﬂTﬂU

3.952 ATUNSTI)

a 4 A A o J A =< a o o A
4.1 MIAATIZHNTNAQOUNOIUIUNAVDIAURTLLTIAIADNWANNI1ININ 0 (HDO)

9 A A o ~ A o 1 = = ad
%']ﬂsllﬂll“aﬂ'lﬁ‘ﬂﬂaﬂ%waﬂuﬂuWﬁﬂLlﬁﬂQiu@Wi’Nﬂ 17 ihaundesinsaeniay

o A <3 1 < a A a
N1IHIN O (HDO) wnaeansanuzituuuudnd enageumsuanauulnaves

9 o ~
Yaya ﬂ\i!lﬁﬂ\ji“ﬂ']ww 41

88



Probability Plot of HDO
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Parameters Peel Force (g,)
Run S.D. In S.D.
Temp Time  Weight
Order HD, HD, HD, HD, (g) (g)
O (sec) (kg)
1 210 5 6 73.9 57.8 90.0* 98.2* 17.9005 2.88483
2 170 10 6 536 451 62.8 537  7.2282  1.97799
3 210 5 6 82.7 858 833 103.0 9.6274 2.26461
4 210 5 2 662 603 502 572  6.6610 1.89627
5 210 10 2 101.8 947 909 96,5 4.5309 1.51092
6 210 5 2 702 648 634 663 2.9330 1.07603
7 210 10 6 117.0 126.6 989 1140 11.4849 2.44103
8 210 10 6 105.6 107.4 1064 1279 10.7419 2.37416
9 170 10 6 67.6 742 613 711 5.5344  1.71099
10 210 10 2 1242 927 812 893 18.8606 2.93708
11 170 10 6 76.7 756 61.1 779  7.8729 2.06343
12 170 5 2 51.0 374 404 374  6.4568 1.86513
13 170 10 6 68.6 588 64.0 92.6 149461 2.70445
14 210 10 2 964 859 772 844 79198 2.06936
15 210 5 6 96.7 941 103.2 107.5 6.0999 1.80828
16 170 10 2 36.5 392 331 340 27410 1.00834
17 170 10 2 506 329 405 415 7.2505  1.98106
18 210 5 6 85.1 83.6 86.6 107 11.0183 2.39956
19 170 10 6 100.2 77.8 87.5 829 95899 2.26071
20 170 5 2 369 344 389 315 3.1993  1.16295
21 210 10 6 109.3 91.8 119.1 1194 12.9468 2.56085
22 210 10 2 952 850 740 914 92765 2.22748
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Parameters Peel Force (g,)
Run S.D. In S.D.
Temp Time Weight
Order HD, HD, HD, HD, (g) (g)
‘O (se0) (kg
23 210 10 6 112.1 100.2 1032 1049  5.0550 1.62038
24 210 5 2 593 683 607 645 4.0480  1.39823
25 170 5 6 485 478 424 412 3.7098  1.31097
26 170 10 2 39.6  36.1 41.1 40.0 2.1618  0.77094
27 170 5 6 350 405 405 423 3.1658  1.15242
28 170 5 2 38,6 373 36.8 41.5 2.1079  0.74570
29 170 5 6 48.8  40.1 50.6 42.9 49254  1.59441
30 210 5 6 62.1 587 772 91.3 149890 2.70731
31 170 10 2 48.3 435 36.6 52.3 6.7544  1.91020
32 210 10 2 96.3 99.5 82.3 105.0 9.6752  2.26956
33 170 10 2 356 373 331 44.2 47571  1.55964
34 210 5 2 659 60.7 385 433 13.2514  2.58410
35 170 5 2 439 412 402 319 5.1749  1.64383
36 210 5 2 684 60.7 642 439  10.7384 2.37383
37 170 5 6 354 31.8 342 366 2.0494  0.71754
38 170 5 2 421 323 325 42 5.5722  1.71779
39 170 10 2 58.2 53.5 48 53.7 41749 142910
40 170 5 6 384  28.8 30.7 34.1 42151 1.43866
41 210 10 6 128.6 107.8 95.6 118.9  14.2322  2.65551
42 170 5 2 46.7 398 34.1 32.6 6.4016  1.85654
43 170 10 6 499 514 545 70.9 9.6748  2.26953
44 210 5 6 68.7 799 999 82.4 12.9069  2.55777
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Parameters Peel Force (g,)
Run S.D. In S.D.
Temp Time  Weight
Order HD, HD, HD, HD, (g (g)
(°C)  (seo) (kg)
45 210 10 6 1142 1115 993 914 10.6630 2.36678
46 210 10 2 110.2 84.2 96.7 106.7 11.6655 2.45663
47 210 5 2 65.1 80.0 48.1 522 143895 2.66650
48 170 5 6 355 38.1 409 370 2.2809  0.82457

v { a d o w { J { .
* KINYLHA unuaARaeusspsaeniaun i ludidunsnaaesi 1 é’hammﬁﬂmm 5 replicate

YOIA KUK 4 (HD,) FIWAWNINY 90.0 NFUUTI Haz@urtariafi 5 (HD,)
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M3 19WUINN V1 Yoyamsnaaoueduiuna

Run Order Parameters Peel Force (g)
S.D. In S.D.
Temp Time Weight HD, HD, HD, HD,
(g) (g
(°C)  (sec) (kg

1 170 5 6 49.5 437 462 442 2.6319 0.9677
2 170 5 6 442 475 413 425 2.6937  0.9909
3 170 5 6 316 382 462 437 6.4784 1.8685
4 170 5 6 399 386 376 437 2.6715 0.9826
5 170 5 6 36.1 39.5 458 52 7.0288  1.9500
6 170 5 6 75.6 41.1 43.6 459 16.1527 2.7821
7 170 5 6 72.1 433 39 43 15.2928 2.7274
8 170 5 6 30.3 46 339 475 8.6067 2.1525
9 170 5 6 477 41.8 43.1 44.8%* 7.8209  2.0568
10 170 5 6 544 41.1 428 404 6.5612  1.8812

[ = =® ad o w ~ o I woA
* HNEUNA Llﬂuﬂnﬂaﬂ!li\jﬂ\‘]a'ﬂﬂwauﬂ’lgiua’]ﬂﬂﬂ’liﬂﬂa@\iﬂ 9 YDIAUUUININ 5 (HDS)

Fea1na8910 9 NMINAADI FINAUNNY 44.8 NTULIT
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