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ABSTRACT

The objectives of this thesis are to solve the defects problem in the injection molding
process and to improve the product quality by applying the six sigma technique. From the historical
data, it illustrated that the defect rate was 19,041 DPPM or 1.9 percent defect. Moreover, the
process capability equaled to 1.14 which did not meet the company’s target. The company aims to
reduce the defect rate to be less than or equals to 0.5 percent defect or 5,000 DPPM and the process
capability must be greater than or equal to 1.33 according to the general standard criteria.

The research methodology composed of five steps. Starting with defining the problem,
the major problem is shot short problem which is about 64 percent all of defects and then evaluating
the process performance. The second step was measurement phases with process mapping to
investigate the relationship of process after that using cause and effect diagram to analyzing the root
cause of the shot short problem. The failure mode and effect analysis (FMEA) root was
consequently applied to identify the high impact on the shot short problem while the measurement
system analysis was also implemented. The third step was analyzing the significant cause of
problem with statistical tests. The fourth step was improving the significant factors by using the
design of experiments (DOE) technique and the last step was controlling the significant factors with
the statistical process control technique.

The result shows that the defects problem in the injection molding process can be
decreased to 4,064 DPPM or 0.41 percent defect which equal to 78.66 percent defect decreased.
This improvement achieves the company’s target and also increases the process capability to be
equals 1.94 as the general standard criteria.

Keywords: Six Sigma, shot short problem, injection molding process.
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Lower Normal Distribution Upper
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sta Yowan N TN TU[TIN MM NUNAT| I
2051003002 |teranwanadn’ln 50x5093. Fv17 M2 68.51 274.04 |10
2060034503 |@anNalInnn 2.50 x 0.60 1. 1,650.00 1,100.00 |11
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o a it v & Yaw = 1Yo A o @ o
(LOl’lg term order) AINITINN 4.2 UagNINN 4.13 @QHH@’J%N“@HW Wagnn Slat snd

2051003002 113111598 unTaTl

Y o a a o 4 a 09: 1 4
ﬂ1§1\1ﬁ 4.2 NUIUMTHAA WAAAUNNNAITAN ALUA ARIAY 2553 ﬁﬂ AUNINUD 2554

Item code Item name Quantity/Pcs. %
2051003002 waanwanadn In 50x503. #1172 M2 178,820 19.90
2080101111 |najuilendin 140,900 15.68
2100803002 |dawiliinlAdnvniden-vemden 131,000 14.58
2050501000  |maldeisgnlnnay dndes F 62,420 6.95
2051003001 uEanwaa@n In 50x5093. 8113 Ml 57,440 6.39
2050403007 |m1aldiln 42 Wes Fu1n 55912 6.22
2003304206 |pzunsanseunueniis e KpI-46 40,934 4.56
2093304700  [1nAe5u01M1S In KPI-46 39,250 437
2093304100  [91U0IM1TALUAY KPI-46 37,925 422
2093304500  |n52801115 1 KPI-46 34,094 3.79
2101102000  |updddanefida 3/4" 32,500 3.62
2093304601 fhATeUNI801115 |In KPI-46 32,300 3.59
2093304400 |auTla-Tlae1nsln KP1-46 31,000 345
2050302400  |feanaadn 24,000 2.67
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a o d @ { a 4
nndoyanuilymueado naasmal Slat 5%a 2051003002 Miavulunszuiumsia

a 2 Qy A = 4 1 g A
NAAANNINDY 3,471 FU 1130 19,041 DPPM H30 1.9 % Defects @11 l)aushwunen

J Qa: a 1 a @ {
93An3A 13 Avveudennnisnanded 1Ny 0.5 % Defects 1138 5,000 DPPM HAAIAIA1319N

4.3 1azNINN 4.14

M519N 4.3 FoyanmINaAveUTs YDINTTUIUNITAANAITAN

Month Year Order Defect | DPPM %Defects | %Yield | %Sigma
October 2010 34,025 472 13,682 1.37 98.63 3.71
November 2010 35,747 482 13,304 1.33 98.67 3.72
December 2010 54,493 1,018 18,339 1.83 98.17 3.59
January 2011 18,750 981 49,719 4.97 95.03 3.15
February 2011 35,805 518 14,261 1.43 98.57 3.69
Total 178,820 3,471 19,041 1.90 98.10 3.57
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Target Improvement < 5,000 DPPM or 0.5% Defect

A\

Range 73.74%

Current = 19,041 DPPM or 1.9% Defect
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M99 4.4 U3z taziwuveade waasaat Slat 317a 2051003002 Aaud AaIAY 2553 B9

AUAWUT 2554
Defect Type Oct'10 | Nov'10 | Dec'll | Jan'll | Feb'll |Sub Total
A Tnwo (Warped moulding) 76 91 91 177 75 510
B lsiifiaiuy (Short moulding) 307 328 702 579 316 2,232
C thiiion 17 15 25 59 28 144
D i’f)flulﬁﬁ}(Burnt Streaks) 66 44 193 147 91 541
E 9uq 7 5 5 19 8 44
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NINN4.15 Lﬂaﬁlcﬁu@ﬂl@\nﬁﬂ FNLIAILA DU G!fnﬂu 2553 N ﬂqi]ﬂ’lwuﬁ 2554
Y a o J o Y o 1 g’ @ ay o o '
VINVBYANAANTUN Slat 3vid 2051003002 hlﬂmmumuﬂ%mmmuau 100 A8

(NN 9 292734 1 @19819) INOWIAIAMNEINITANTZVIUNT (Process capability index) Cpk

ganaaa 13 lunind 4.16

MNN 4.16 AFHIAANNEINTOVOINTZVIUNMITABUMTUTVI 3
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M99 4.5 MISeuNeUAY I ANNNAIUITDUINTLUIUMNS

Item Cpk Data
Standard >=1.33
Current 1.14
2051003002

ANHALVOIHAATAUN Slat 2051003002 JUATLUIUMIAANAIFAN (Injection molding

A a = (] Qy . o A
process) mﬂﬂﬂtymmmﬂ"lummmm (Shot short molding) LEAANAININN 4.17

MNA 4.17 dnbazvoude N13na lAuT1UI (Short shot) YDIHAAN DN Slat THd 2051003002

Aa o dyd [ = = [ ~1 Qy
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a 1Y 4 d' a dgl = a a 1 d' =1 1 A
Wan AN Slat 2051003002 NNAUU 1uﬂ§$U3uﬂ1ﬁﬂﬂWﬁ1ﬁﬂﬂ ANINIAUAURAYUDILT YN DIAD U
1.9 % Defect ¥139 19,041 DPPM anadtvasiiied 5 % Defect ¥39 5,000 DPPM UAAIAININ

n4.18
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4.5 VUADUMTIONE (Measure phase)
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(Raw material)

9
2.MIfAGIURUNAANAEAN
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(Molding installation)

Y
[ Y a 4
3. M3suAINs I es

(Parameter set up)

N\ .
: \
(Operated Yyjection machine)

5. MIATIVADUY

Scrap NG
(Quality Inspection)

~

lo

- 6. MILTTIHAAT U
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(Packing)

U

[ d
yanyol

Q N32UIUNIT (Operation)
<> N1359529a01U (Inspection)
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1. Clamp close

2. Injection

3. Holding pressure

4. Cooling

5. Clamp open

6. Ejected

d' J Y a [~
ﬂi$U]Hﬂ]iﬂﬂﬂ1ﬁ!ﬂﬂﬂ€yﬁ’m1‘iﬂﬂ

aifinruau (Shot short Molding)

Yeyriinisfalaiuuaru (Shot
short Molding) @1NITOATIIND
areluTuneunsIvaUUNIN

2
PHITH

. v .
() N3LUIUNIT (Operation) IINAIYNITNTIVADU (Inspection)

Y { 1 a (] Qy .
M 4.19 nszuaumsnazae ina Jarminisda lu@uduaiu (Shot short molding)
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1 . Hnevsuuazlil |2 WI, Checklist 60
NADY (Shot short molding) .,
MAN Usgaumani
. - . L e wWinuNamMs
WINIUDA WITNIIUDATUIIY Aaluiduiuy -
2 Wnousuuaz lill | 2 WI, Checklist 50
wane@dn ©aildnanin (Shot short molding) j
sz aumsni
o 4 o u. e ava M3
maiauaes | aiesdns ldainsa Aa i@y )
Machine |3 ) Ly 1n509dns da'ly 3|  WI, PM,Checklist 96
FI . 42 M )
1A7999n3 aruenunsaa 134 | (Shot short molding) .
THINZ AR
» P’ - , RO, winauIams
MIAY Aaemwiaiaes i Aaludunn - B
4| . . Aneusuuaz il |3 W1, Checklist 75
ANWITINADT NAD (Shot short molding) .
Usgaumsni
v, B e TS L LI PIANTNAABINITAY
mMsdamusady | deauseduiia’l Aalaiduny D
5 . ANgNADA 1ay 6 WI, Checklist 240
a9 LHNZ Y (Shot short molding)
ey
e e Y. 3 o PIANTNAABINITAY
nsdaam damnnninali faldduuy )
6 . figndea uaz 6 WI, Checklist 240
ANUITINA Mz au (Shot short molding)
NS Ty
=
¥, > 4 e VIANITNAABINITAY
s, . Famwanalu Aa iy A7
Method | 7 | M3dafAIafa ANQNABY LAy 6 WI, Checklist 240
LHIZ Y (Shot short molding)
gy
2, . NA VAN INAABINITAL
MIAA dargunginaly Aaluiduiuy AR | 7
8 - Afigndel iaz 6 WI, Checklist 240
uUrHuNA ungauy (Shot short molding)
NS Ay
v, v, n\ NGO VIANITNAABINITAY
MIAAWIAT | AR IaIMIviaosu Aaluiduuy JH/
9 . , ANYNABA ay 5 WI, Checklist 200
nMIraoegu g au (Shot short molding)
NS Y
e 2, A PIANTNAABINITAY
MIAIA Holding | #3NTHolding pressure Aa 'l o
10 Y ANYNADA oy 5 WI, Checklist 200
pressure Tz ey (Shot short molding)
ey
D WINIUAMT
. e o - Aalufuuy . )
Material |11 wiladngau T4 Tagaunayiia Wnousuuay lill |3 WI, Checklist 48
(Shot short molding) .
Usgaumsni
M WHNIUANS
asvaoUFUII i
= a3 = 1=
Y . Aaldduny Anousu uag il
Measurement (12| N15A3900U ANABDINIUNUN p 5 ‘WI, Checklist 125
(Shot short molding) dsgaumsailums
AMNIN
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HIUNTATIVADUAIY
' = v = rd
3 Gate 118 runner laj Aaluduiuy Taithinasgiums INUNINATFIUNS
Mold 13| g Gate L1AZ runer 1 m o 20
Mg ay (Shot short molding) 2ONLLUY DONLUULNWUNRA
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wanaan
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a1n AUYR RPN-Score
1 M3daA g (Injection pressure) 240
2 msdamaniaie (Injection speed) 240
3 mMsdernmin (Injection time) 240
4 mig’ﬁmqmﬁﬂuﬁaﬂ (Injection temperature) 240
5 MIfaAIMIMIndoEy (Cooling time) 200
6 migﬁﬁﬁﬂf% (Holding pressure) 200
7 N139339801U (Inspection) 125
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ATTRIBUTE MEASUREMENT SYSTEMS STUDY

Y a = L) a = o a =
Nilszidnann 1 WNilsziduwann 2 | wdszilnwann 3
Part [« o a Reference

A-1 A-2 A-3 B-1 B-2 B-3 c-1 c-2 c-3
1 G G G G G G G G G G
2 G G G G G G G G G G
3 NG NG NG NG NG NG NG NG NG NG
4 NG NG NG NG NG NG NG NG NG NG
5 NG NG NG NG NG NG NG NG NG NG
6 G G G G G NG G NG NG G
7 G G G G G G G G G G
8 G G G G G G G G G G
9 G NG NG NG NG NG NG NG NG NG
10 G G G G G G G G G G
11 G G G G G G G G G G
12 NG NG NG NG NG NG NG G NG NG
13 G G G G G G G G G G
14 G G NG G G NG G NG NG G
15 G G G G G G G G G G
16 G G G G G G G G G G
17 NG NG NG NG G NG G NG NG NG
18 NG NG NG NG G NG G NG NG NG
19 G G G G G G G G G G
20 G G G G G G G G G G
21 G G NG G NG G NG G NG G
22 NG NG G NG G NG G G NG NG
23 G G G G G G G G G G
24 G G G G G G G G G G
25 NG NG NG NG NG NG NG NG NG NG
26 NG G NG NG G NG NG NG G NG
27 G G G G G G G G G G
28 G G G G G G G G G G
29 G G G G G G G G G G
30 NG NG NG NG NG NG NG NG NG NG
31 G G G G G G G G G G
32 G G G G G NG G G G G
33 G G G G G G G G G G
34 NG NG G NG NG G G G G NG
35 G G G G G G G G G G
36 G G G G G G G NG G G
37 NG NG NG NG NG NG NG NG NG NG
38 G G G G G G G G G G
39 NG NG NG NG NG NG NG NG NG NG
40 G G G G G G G G G G
41 G G G G G G G G G G
42 NG NG NG NG G NG NG NG NG NG
43 G NG G G G G G G NG G
44 G G G G G G G G G G
45 NG G NG NG NG NG NG NG NG NG
46 G G G G G G G G G G
47 G G G G G G G G G G
48 NG NG NG NG NG NG NG NG NG NG
49 G G G G G G G G G G
50 NG NG NG NG NG NG NG NG NG NG
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Within Appraisers
Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI
1

50 42 I84.00: (70.89, 92.83)

2 50 40 180.00, (66.28, 89.97)

3 50 40 :S0.00I (66.28, 89.97)
Lo

# Matched: Appraiser agrees with him/herself across trials.
Each Appraiser vs Standard
Assessment Agreement

Appraiser # Inspected # Matched_ Percent 95 % CI

1 50 42 184.001 (70.89, 92.83)

2 50 40 180.00! (66.28, 89.97)

3 50 39 | 78.00; (64.04, 88.47)
| I

# Matched: Appraiser's assessment across trials agrees with the known standard.
Between Appraisers
Assessment Agreement

# Inspected # Matcrhgd_ Percent 95 % CI
50 35 70.00! (55.39, 82.14)
-_ 1

# Matched: Al appraisers' assessments agree with each other.
All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched Percent 95 % CI

50 35 170.00 (55.39, 82.14)
1

A \9

# Matched: All appraisers’ assessments agree with the known standard.

Attribute Agreement Analysis

Y a J ) o 1 [
J’I"I‘W"?l 4.22 waﬂ1iamiwmwummmeymm‘uuunauﬂﬁuﬂ;q

Assessment Agreement Y B
Reported by:
Name of product:
Misc:
Within Appraisers Appraiser vs Standard
X 95.0% C1 X 95.0% CI
® Percent ® Percent
90 90
85 85
t E
S 80 S 80
4 2
Q Q
& 75 S\ 72
70 70
65 65
1 2 3 1 2 3
Appraiser Appraiser

v E4
MW 4.23 M5UszanaauUgevessesazsinneDanveanina1u (With Appraisers) Lo

$ovazaulilusaveawiinau (Appraiser vs Standard) N¥19ANUFOTY 95 %

noulliulga
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ATTRIBUTE MEASUREMENT SYSTEMS STUDY

= a =S = a = A 2
NN G AD FUTUA NG AD vam'lmmmﬁﬂ

v a ci v a -=l' v a c;
piuszilnann 1 | Wdsziinenn 2 | duszidivann 3
Part | ® o o Reference

A-1 A-2 A-3 B-1 B-2 B-3 Cc-1 c-2 c-3
1 G G G G G G G G G G
2 G G G G G G G G G G
3 NG NG NG NG NG NG NG NG NG NG
4 NG NG NG NG NG NG NG NG NG NG
5 NG NG NG NG NG NG NG NG NG NG
6 G G G G G G G G G G
7 G G G G G G G G G G
8 G G G G G G G G G G
9 NG NG NG NG NG NG NG NG NG NG
10 G G G G G G G G G G
11 G G G G G G G G G G
12 NG NG NG NG NG NG NG NG NG NG
13 G G G G G G G G G G
14 G G G G G G G G G G
15 G G G G G G G G G G
16 G G G G G G G G G G
17 NG NG NG NG NG NG NG NG NG NG
18 NG NG NG NG NG NG NG NG NG NG
19 G G G G G G G G G G
20 G G G G NG G G G G G
21 G G G G G G G G G G
22 NG NG NG NG NG NG NG NG NG NG
23 G G G G G G G G G G
24 G G G G G G G G G G
25 NG NG NG NG NG NG NG NG NG NG
26 NG NG NG NG NG NG NG NG NG NG
27 G G G G G G G G G G
28 G G G G G G G G G G
29 G G G G G G G G G G
30 NG NG NG NG NG NG NG NG NG NG
31 G G G G G G G G G G
32 G G G G G G G G G G
33 G G G G G G G G G G
34 NG NG NG NG NG NG NG NG NG NG
35 G G G G G G G G G G
36 G G G G G G G G G G
37 NG NG NG NG NG NG NG NG NG NG
38 G G G G G G G G G G
39 NG NG NG NG NG NG NG NG NG NG
40 G G G G G G G G G G
41 G G G G G G G G G G
42 NG NG NG NG NG NG NG NG NG NG
43 G G G G G G G G G G
44 G G G G G G G G G G
45 NG NG NG NG NG NG NG NG NG NG
46 G G G G G G G G G G
47 G G G G G G G G G G
48 NG NG NG NG NG NG NG NG NG NG
49 G G G G G G G G G G
50 NG NG NG NG NG NG NG NG NG NG
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Within Appraisers
Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI

1 50 50 | 100.001(94.18, 100.00)
2 50 491 98.00 (89.35, 99.95)
3 50 50 | 100.00, (94.18, 100.00)

# Matched: Appraiser agrees with him/herself across trials.
Each Appraiser vs Standard
Assessment Agreement

Appraiser # Inspected # Matched_Percent 95 % CI

1 50 50 | 100.00! (94.18, 100.00)

2 50 49 | 98.00 ,(89.35, 99.95)

3 50 50 | 100.001(94.18, 100.00)
[ E— §

# Matched: Appraiser's assessment across trials agrees with the known standard.
Between Appraisers
Assessment Agreement

# Inspected # Matched. Percent 95 % CI
50 49 |98.0q (89.35, 99.95)

# Matched: All appraisers' assessments agree with each other.
All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched. Percent 95 % CI
50 49 198.00 (89.35, 99.95)
(0 ¥

# Matched: All appraisers' assessments agree with the known standard.

Attribute Agreement Analysis

Y a J o 9 o @ [
J'I"I‘W"?l 4.24 W'ﬁﬂTH"Jlﬂi18?75$UUﬂWiﬁﬂﬂlﬂu‘lallﬂﬂuﬂﬂﬁﬂﬂiﬂﬂqﬂ

v v
MW 4.25 M5UszanaauugevessesazsinneDanveantina 1y (With Appraisers) Lo
$ovazaulilusaveawiinau (Appraiser vs Standard) N¥19ANUFOTY 95 %
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AU 1 2 3 920g 11329 94.18 53 100.00 89.35 B4 99.95 LAz 94.18 A4 100.00 MUAIAL

- a1 %anu biludavesmiinnuasiagouaun 1 2 3 aziauNInY 100.00%
98.00% 1Az 100.00% MUa19 Lazn1TUszunama ety 95% dmsuainu li'ludaves
WiinOw Aud 1 2 3 9zag ue19 94.18 53 100.00 89.35 D3 99.95 1Az 94.18 4 100.00 AW

a A Y A A Qddy T v £ ' o
- 152ANTHAMUTANNZTAAMNIND 98.00% FAAAIIININAIU 3 AUATIVABUU
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Ysznumnureli 95% dmsuilssaniuanusnnneianszoglurig 89.35 3 99.95

- dszansuadiuany 1y lusaueawmiinauas19@e U (NI 98.00% taaddllu
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M3 1FWTNU 3 AUATIVADVNIUTIUIU 100 FU 32 TNO 98 FUNITUAWITAIIUNIT0IAU
9 Y A Y] T A o o % a a Y
asaevlagnaeuniiounu naznisdszuumanndetu 95% dmsulseaninadiu
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Tsarsianszeglurie 9 89.35 94 99.95
9 9 =1 Qd; @ ~ d' a
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Y
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Tudu %anu i lusavesminauastnaoudaawenms 19msiinaeiiigndes
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o ¢
4.6 THABUMIAUAIIZH (Analyze phase)
b4 [ [
NTUADUNITTAND  (Measure phase) WUIAUHNAIHANTzNUailgynIN
Rmsdne 6 aunadalsznouludoe
4
1) AIAIATIAURA (Injection pressure)
qa: 1 S A . .
2) MINAINNNLTINA (Injection speed)

k4
3) NM3AIALIA1RA (Injection time)
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Y
4) N3 ﬁqmqmﬁguﬁﬂ (Injection temperature)
Y
v T 3
5) MIAIAIANITHADIYU (Cooling time)
Y 9
6) MIAIANAG (Holding pressure)
a 4 o’j o a da Jas a 4
LLHDVITQﬂWiULﬂiT%ﬁHH%%%TﬂTiﬁlﬂi"lz‘ﬂ%agﬁnﬁi{] Iﬂﬂi%?‘ﬁﬂWi?LﬂﬁTgﬁllﬂﬂ
A A Eal [ I ~ Y a A o Y a = [~ Qy
ANOVA TEST tiongaiinilvdelauaumgiuiaseiildmailgninis da lu@usuau

= 1

2 4 o o 4 o
(Shot short Molding) Taslunisnaassiivzlivalarunaionaunsesiladeais o fasdeesn |y

Q Q

IS v

1 = I v A 1 a o ~ [~1 z:y 1 o
ﬂaummﬂumﬁﬂﬁmmwwﬂmamwamﬂmﬂ@ﬂtymmim”lmmmmmammuﬂm ll
4.6.1 MIMuIUGIeg1InlFinmsnaass (Power and sample size)
) o A o 1 ~ Y c!y o F)
mImaiudiedenglylunmmaaesiizAnnual]lsunsy MINITAB
Y
LAY UAAING ) fatl
[ v o w A " W £ ] I [ a
1) seauudgaingy (0D HAUNINY 0.05 cmﬂ31uummﬂu1um€ssmmuﬁumj;m (B)
10U 0.05 W?’E) Power of test (110U 0.95 LAy
9 = ~ = Y
2) mﬂmagacluaﬂﬁmmmmmummgm (O) uaUMmnNu 3.504
o U [ o 4 9 1 LY [
3) NMUUAAITLAVUDIVIUIU (Number of level) AlFlumsnaaealiauniny 3 szau

Ay v @ A
Wf’l‘ﬂhlﬂllﬁﬂ\iﬂ\iﬂ'lW‘Vl 4.26

Power and Sample Size

One-way ANOVA

Alpha=0.05 Assumed standard deiation = 3.504 Number of Levels =3
SS Sample Target Maximum

Means Size Power Actual Power Difference
50 5 095 0951740 10

The sample s'-lze_s f:r each level.

Power Curve for One-way ANOVA
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One-way ANOVA: Weight versus Injection Pressure

Source DF SS MS F P
Injection Pressure 2 1113.7 556.9 20.93 0.000
Error 12 319.2 26.6

Total 14 1432.9

S = 5.158 R-Sq = 77.72% R-Sg(adj) = 74.01%

Individual 95% CIs For Mean Based on Pooled StDev
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One-way ANOVA: Weight versus Injection speed

Source DF SS MS F P
Injection speed 2 1034.5 517.3 8.81 0.004
Error 12 704.4 S8

Total 14 1738.9

S = 7.662 R-Sg = 59.49% R-Sg(adj) = 52.74%

Individual 95% CIs For Mean Based on
Pooled StDev
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One-way ANOVA: Weight versus Injection time

Source DF SS MS F P
Injection time 2 9.7 4.9 0.35 0.715
Error 12 169.2 14.1

Total 14 178.9

S = 3.755 R-Sg = 5.44% R-Sg(adj) = 0.00%

Individual 95% CIs For Mean Based on
Pooled StDev
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One-way ANOVA: Weight versus Injection temperature

Source DF SS MS & P
Injection temperature 2 872.5 436.3 8.05 0.006
Error 12 650.4 54.2

Total 14 1522.9

S = 7.362 R-Sg = 57.29% R-Sg(adj) = 50.18%

Individual 95% CIs For Mean Based on
Pooled StDev
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One-way ANOVA: Weight versus Cooling time

Source DF SS MS F P
Cooling time 2 2.8 1.4 0.06 0.940
Error 12 269.6 22.5

Total 14 272.4

S = 4.740 R-Sg = 1.03% R-Sg(adj) = 0.00%

Individual 95% CIs For Mean Based on
Pooled StDev
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Full Factorial Design

Factors: 3 Base Design: 3, 8
Runs: 16 Replicates: 2
Blocks: 1 Center pts (total): 0
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Factorial Fit: Weight versus Pressure, Speed, Temp.

Estimated Effects and Coefficients for Weight (coded units)

Term Effect Coef SE Coef T P
Constant 1204.75 0.1768 6815.10 0.000
Pressure 12.00 6.00 0.1768 33.94 0.000
Speed 7.50 3.75 0.1768 21.21 0.000
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S = 0.707107 PRESS = 16

R-Sg = 99.63% R-Sg (pred) = 98.50% R-Sg(adj) = 99.30%

Analysis of Variance for Weight (coded units)
Source DF Seqg SS Adj SS Adj MS F P
Main Effects 3 997.00 997.000 332.333 664.67 0.000
2-Way Interactions 3 50.00 50.000 16.667 33.33 0.000
3-Way Interactions 1 16.00 16.000 16.000 32.00 0.000
Residual Error 8 4.00 4.000 0.500

Pure Error 8 4.00 4.000 0.500
Total 15 1067.00

d‘ a Iy 3 ~
NNN 4.34 ﬂ133lﬂ51$1’7ﬂ381ﬂ5llﬂ5ﬂ MINITAB 2" ulanosea

2) ajUwaminaasauy 2’ ulaneisoa
a J 1 qaj 1 v A 03/’ J I A
- AMIANTIHANUTUTIU Wud MIAeATIALRA MTAIAIAWGINA

Qa’l U as 1 U @ A 9 1 = Y1 o w Qsj 9 Y A
A NITANNIYUNHURA ipaz a1 P-Value Hoan31 0.05 ﬂ\‘lt’fj“ﬂulﬂ’ﬂ Ve uueaull

U

[ 3‘ @ Qy ~ o Y a o = [N~ Qy = a
Nﬁﬂ@uWﬁuﬂ%uﬂu‘WﬂﬂﬁLﬂﬂﬂmﬁ'lﬂWiﬂﬂllNLﬁN%u\‘]1u Tunszurumsnanataan

4

a J 1 aan o J oaj 1
- fﬂ"lﬂfni'JLﬂﬁTZWﬂ'NiJ!L‘]Jﬁ‘]JTJu‘IQJ}'N&}U WUIN ﬂgﬂﬁﬂ'lﬁmwu‘ﬁi$ﬁ']1\1ﬂ'ﬁ@\‘]ﬂ1

@ Y ua/, 1 <3 ngj 1 Y @ QaJJ 1 a Qa}l 1
!,!,'Nﬂuﬁﬂ ﬂUﬂWﬁﬁ\?ﬂ']ﬂ'J']llli'Jaﬂ l,mzmsmmmmuﬁﬂ ﬂUﬂTiWQﬂTQﬂJWQNaﬂ HAagNITIAINN



107

3 A 3 1 Aan = Y 1 = Y v AA (aaa
AITULTINA LATNITANNIZUVYURA LA P-value #98n731 0.05 %Qﬁﬁq‘ﬂllﬂﬁ"l ﬂﬁ]ﬁ]&l‘nu‘ﬂgﬂim

v v ] v
Y ' o v A =

v o d ' [ 09/} o a 13 A
ﬁnwu‘ﬁizﬁ:mﬂumﬁm%ﬁmuuwamumuﬂ%mmwmiﬁ’mﬂﬂmmmiﬁﬂ"lmmwmm Tu

NSZUIUMINANAIAAN

aa

a 4 9 9 v a [ Y
- NNTAATIEHANNUYTYTIUTIAY WU ‘]J;]ﬂifﬂﬁllW

=
A
Se
Lo
a)}
—_—
z
=€
)
e
=y

1 z 1 v A [ z 1 = Y] 3 1 Aan Y v A
FERINMIARWTIAURA NUNITAIAINNNGIRA NuMsasngurgiine d31l1a91 avendl
aaa Y] o 4 1 ] g 9 Y v g} o Q,; A o Y a ~ [~
UnFeduiusszniniunimwdduiinadorimminduauiinldmnailguinisaaluay

Y
Fuau lupszurumsnanaiann
4 a J LY {
WNaN1INAADIUUY 2° Full factorial IWONATIZHHANTENUVDITIBAEI AW

1 . Y o A
111)51/59u3 20 1agwa Factorial plot uaad lananIni 4.35

Main Effects Plot for Weight
Data Means

Pressure Speed

1210.0
1207.5 /
1205.0

1200.0

25 10 12

Mean
N
o

1210.0-]
1207.5- /
1205.0

1202.5- /

1200.0

T T
215 220

MNN 4.35 Wansznuvanuesiladtefen

A < =2 = A A a dgl Y 1 3
NNINN 4.35 !f]_h!ﬂ1§ﬁﬂE10\‘]ﬂ'lﬁ!,ﬂa‘(’luLHJfl\1Vllﬂﬂﬂlum@ﬁﬁ?!ﬁﬂﬁaﬂllﬂﬁgﬂ?%']ﬂ
[ 09: J d'c'. ~ oA A =& =) 9 a = [N~} Qs’
msdsuasmndnga ldgarnganga sezlinua Tdumamnadymimsaabiduzuau Tae
:/‘ 1 = A A I o 9 cy v Qa/ A d?}
MIAIALTIAURA 1Wasuilasv1n 20 Bar inady 25 Bar ﬂgﬂ'lﬁlﬁU']WUﬂ‘lJﬂﬁ‘HU\‘]'ll‘llWiﬁllu Lag

a o a 3 2 v o 3 & sl @ A
Lﬂﬂﬂiyﬁﬁlﬂﬁlﬁﬂﬂqulﬂusﬁuq']u AAUBDYAN NITIANAIAITULIING lﬂaﬂuuﬂa\ﬁnﬂ 10 Lﬂ@ﬁl“ﬂu@ LNV

Jd o

< /s ¥d o iy A 2 a a e 2 v
Ll]u 12 Lﬂ@il“]ﬂ!ﬂ ﬂWiWuWﬂuﬂGU@\?GIfUQ'IULW'JJGUH !Laglﬂﬂﬂmﬁ’lﬂ1iﬂﬂuli]!@3JGHU\31u AAUBDYAN

aa

osz' [ = 1 a le) A d?} I O o Y
HAZNIIAINIPUNNURNA ﬂTﬂﬂ”lilﬂﬁf]ﬂllﬂﬁ\‘]“]f')\i@ﬂlﬁ{]iﬁ)']ﬂ 215°C PNV Y 220 C 1/]']6114
9

g‘ @ Qy A a o [~ Qy [} I
mﬂuﬂﬂmwmmmuﬁu uazmﬂﬂﬂujmmsﬁﬂ"luLmJva”luaﬂﬁastwm?mmu



108

3) msfmuamatenminzaunmsnaaed
9 9 9 9
NSNABDIMIAINDUAUDIANINUNTUNIUN TasiHuaTEATA 1NN T U

v Y v
A239gN1iMIIN 2,010 NSY AguaaalunIng 4.36

i Pressure Speed Temp.
Opt'ljmal o 55:0) [150] [21% 5051]
ur . . .
0.99731 | ow 20.0 10.0 215.0
v
Composite
Desirability
0.99731
Weight
Targ: 12100 - — ———— — — =+ — — — — — — — — = o — = — — = — —
y = 1209.9596
d =0.99731

'
v A

Y a J
ﬂ"ﬁ/‘lﬁ 4.36 WaN1IAATICHITAUNHUIS T

4 1
% a =

v ¥ Y
10NN 4.36 WU e ldt laaniimiinveaFuaIun 2,010 Ny 3zdoat1rua

@ a 09;’ 1 @ 1A @ 3 1 < VA @
arauilavelunisnda Ao MIAMILTIAURA BgNTZAD 25 Bar MIAIAIANUITIAA DgNTZAD
A

I < J S an 1A [ [e) 1 a va a
12 losidud HAagMIMINIgUUYURA 8gnssad 215.5051 ~C meluﬂﬁ‘ﬂg]ﬂﬁﬂuﬂﬂﬂﬁ@]ﬂ?ﬂ

°c

Aan 1 A [ @ Y = =2 =< 9 o PN Y
gauigiiaa liaunsafzlsvszanldazideamunanisdine Ssdestmualinszau 215
472 apdwamsduivaumsdsuliad lunszuoums
o a ua/' [ 9 1 [ d‘d [
ninmsanivauluduaeumsisuljud lunszuaums wui minileteniinane
9 Y Y 9
1" o ] a a 1 v o v 1 <
anihminvessualunszuiumsianarddn 1dun n1sasamsauia NMsaenININEIRa
:zl 1 Aad d‘ o [ 1 oal [ Qy Yy 1w [}
oz MIAIMRUNYNAA 1on1slTulgeaniminvesyuauluinminy 2,010 niulay
A v 3 o Aa A 7 ' v ¥ 9
FUAUNMINAABWLY 2” uaneaiFsanymsiiuagudnay nun wennamwiladedisau

dﬂaaa v o J

o ' 1 uajl 1 [ @ us/‘ 1 < o’/’ '
LLéI'J GINUINY aﬂﬁﬂ’]ﬁﬂwu‘ﬁﬁgﬁ')"Nﬂ']ﬁﬁﬂ‘ﬂ']uﬁﬁﬂuaﬂ ﬂ‘Uﬂ"Iﬁ@Nﬂ']ﬂ'J']?JLﬁ'Jaﬂ NI1TENA



109

9
v A v v 1

a @ 3 1 < Y 3 J a [ 1
UINAURA ﬂ‘].lﬂ']ﬁ?‘lﬂﬂ']@ﬂlﬁ{]ﬂiﬂ L!agﬂ‘ﬂﬂ'ﬁ@]\‘]ﬂ']ﬂ?']llﬁﬁﬁﬂ ﬂ‘]JﬂWiGNﬂTQﬂ!‘Vifq]llﬁﬂ fl\iflwaﬁi’]

E]

v v
1 o 9 Y

ANV IFUNIUDNAIY

@ z ~ Ao A a o & Y 9 am
muumsmam‘maﬂnzmwmzﬁwwﬁﬂlummammgﬂumﬂ%mmﬁmﬁm

Q
v 1 9
~

WuAInoUauoImataed Mldnuanzszdunmunzaulumanga Ao N15AIAILTIAUAA

[

VA o ng 1 3 a 1A J 3 4 qu 1 aa ]
gNITA 25 Bar N1TANAIAULIINA gNITR 12 1Woesiua HAZNIIMNNIgUIDURA DY

=h.

9
a v

@ [e) 1 a oA @ an ] A o [ Y
521 215.5051 °C ualumsiUfiaauasamsasaigungiide luausaiezlfuszanld

1 4
°c gadmnduaounisdiulyaud 1y

2 = =2 9 o YA @
ATIDYAATIUNANITANE fl]\W]'f]\?ﬂﬁ’iuﬂ]l"ﬂﬂﬁgﬂﬂ 215
y & a Yo of o o 9 v A ] a A A o
ﬂigﬂ')uﬂ'lilla']uuﬂ’ﬂglIQHTﬂ’ﬂﬁ]ﬂu1lm1lﬂﬂ1uulﬂGL‘]f(luﬂﬁﬁﬂ’Juﬂ"liNa@]!mmW@‘]ﬂﬁ’lﬂJ’liﬂﬂ@ﬂﬂu

d‘ Yo Y Y a Y a d?' = [y qul LY 1 U dyd
auravosilymn Idsumsud luudi liinedudnasiumsaruquilateaie miariidiaaw

Y
$uilu Tastisrwazidoadsiunouns i

4.8 THUNBUNIIAIVAN (Control phase)
1 Y
AMIAIVANTOUNNT 0IA 9 FILUNANINIATINAZNIBON ADINBIBIUAIVAL
o A 19 Y a o gJ = = [ Aa oy (] 1 A A
szuumsmeneiors lildinailymddn wietlunsasrnaaawilymiedaoiiiouiiog
a a Y :/l 1% 9 Y o
anuAnlnAveInszUIUNTLazdosnruguiilitenielunaznieuendie Tae'lating
Y
Y] Y a uAa [
PRNUULIAZNAADITAaT WIzUIENaINsURIanuTUMIAIUANY N INAT
4.8.1 HUIMNNNIAANAITAN 9
3 @ Y A o 9 R o o o Y A
Mnduaeuvesmitsuliaud lunszuaumsiaiuu dldnswddladodiudnd
v o @ [ [ 4 1 [ v o 9 { % @
WedAgAoradnsueInszUIUMs tazmszauveatei iz ay samsauguauls

1 [ s A v o Y Ay Y 3 o 4
AN ’mqﬂix?NﬂLwaﬂi’mﬁammzm‘uﬂuﬂ%%mwm]lﬂmmlummlmﬂﬁﬂwﬂqﬂlmulﬂl

=

NILUIUMS TAsnNInIUANIZeIFEg NN 13U RTAY (Work instruction) HaZIMATANIIAILAY

a ana Qle [ % 1A (% qu 1 < 1A

NFLUIUMIFIADA (SPC) 1AENITAIAIIIAUDA DENTZAD 25 Bar N13AIAIAINGINA 0EN
Y

o /3 o o = A o ! S o s
oAU 12 Lﬂ@il"]fu@] !Lazﬂ'ﬁ@\‘]ﬂ’lamﬁaﬂaﬂ ﬂﬂﬁigﬂu 215 OC Lﬁ@\ﬁnﬂﬂ’]u’]ﬁuﬂﬂl@\icﬁuq']u

Ll

[ 9 a ] £ 9 a 7 a a AA A d%‘ 1
Wudoyarantlsiu Fsazlsurnugiaivagu X —R Tagiiasananuialnaninayuveinived

9 Y v v k4
iinFunuiitswendean1izvednszuiumsieenuenmsniuguiodunnmsnuYoya
1 1 oal o Qs} o < o @ { [
NNMTDIUATUINUNTUITUNN ) 2 #21ue \Wunar 7 31 A15199 4.19 Lla$ﬁ1ﬂ1ﬁﬂﬁ§qﬂllé{ﬂ\1

NN 4.37



110

d' Y 1 oy @ Qy ) I 1 o A =
MINN 4.19 VBYAATUIWUNTUIIUNND € 2 BI LUIFINIUN 22-28 d.9. 1l 2554
v A oA
o A ANN/NIN
HN
1 2 3 4 5 6 7 8 9 10 11 12
1 1,210 1,211 1,208 1,207 1,212 1,208 1,209 1,210 1,205 1,210 1,210 1,210
2 1,209 1,207 1,212 1,215 1,210 1,210 1,210 1,214 1,209 1,211 1,215 1,214
3 1,207 1,207 1,209 1,209 1,209 1,210 1,210 1,211 1,211 1,212 1,212 1,213
4 1,212 1,210 1,211 1,210 1,208 1,209 1,208 1,206 1,215 1,207 1,211 1,207
5 1,210 1,209 1,207 1,208 1,212 1,205 1,209 1,210 1,210 1,219 1,208 1,209
6 1,211 1,210 1,213 1,213 1,214 1,207 1,209 1,209 1,209 1,210 1,210 1,211
7 1,213 1,210 1,209 1,209 1,210 1,210 1,206 1,212 1,215 1,218 1,210 1,210
Total 8,472 8,464 8,469 8,471 8,475 8,459 8,461 8,472 8,474 8,487 8,476 8,474
Average 1,210 1,209 1,210 1,210 1,211 1,208 1,209 1,210 1,211 1,212 1,211 1,211

Xbar-R Chartof 1, ..., 12
UCL=1212.401
1212
c
© 1211
= =
2 12104 X=1210.167
o
=
» 1209
1208 LCL=1207.933
T T T T T T T
1 2 3 4 5 6 7
Sample
UCL=14.43
Q
o
c
]
[
P R=8.40
[-%
£
1]
")
LCL=2.38
T T T T T T T
1 2 3 4 5 6 7
Sample

Y / o ' :’ % Qy
NN 4.37 HAUYUAIURN X — R a1M5umMuIvuUnvod sy

{ o7 [ 2} @ Qy 1 1 ' [l
NN 437 uRuiadugy X — R dmsvaniminvesduanununiaed 1 uegi
1 { @ % (] 1 a [ Qy
MSAIUANYOIAUNTY (Mean) 2,010 N3N Favg hidewanenianailyminisia ld@usuau

A 2
INUYU



111

Process Capability of weight
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Screw Diameter mm 90 95 100
Max, Stroke Volume ot 2925 3259 3611
g 2682 2988 3311
Weight of Injection(P.S)
OZ 94.4 105 117
Injection Weight of Injection(P.E) g 2076.8 2313.9 2563.8
Unit Injection Pressure Kg/on 1815 1628 1470
Plasticizing Capacity(P.S) Kg/Hr 377 414.8 459.6
Screw Drive R.P.M 145
Nozzle Pushing Fo&e ton 12
Screw Drive System i Hydraulic Motor
{ Mold Clamping Force ton 650
i . Mold Opening Stroke mm 950
' Mold Height(Min/Max) win 500/ 1200
!l ) Clearance Between
{ Clamping Tie bars(H xV) mm 980 x 880
Unit
\ Die Plate Dimensions(H xV) mm 1530 x 1370
| Ejector Force TON 14
| Ejector Stroke ‘mm 240
$ : Ejector Pin Center 1 + 20
/ Electro Electric Motor [ Kw(iP) 37(50), 55 (75)
Hydf:ulic Capacity of Heater Kw 36.2
Machine bimensions m 11.2x2.4 x 2.1
| "'y 0Oil Reservoir Capacity 3 ,792 7
‘» Machine Weight ton £36.5
Cooling Water Reg. C/min 195
J
B - 1-15
P 72

= 9/ 4 a A
M n.6 JoyavounIesdanaraanildluniinaass
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5 MOLDING INFORMATION

5.1 TEMPERATURE OF THERMOPLASTIC RESIN

o Mold Thickness of
Raw materials TSNS | JOp e ICPRRRSLES temperature product
(©) (ke/ar)
(©) (wm)
Polyethylene - PE 150~300 600~1,500 40~60 0.9~4.0
Polypropylene -PP 160~260 800~ 1,200 55~65 0.6~3.5
Nylon 200320 800~ 1,500 80~120 0.6~3.0
Polyacetal 180~220 1,000~2,000 80~110 1.5~5.0
Noryl 260~320 850~ 1,400 80~100 0.8~4.0
Polystyrene - PS 200~300 800~2,000 40~60 1.0~4.0
AS 200~260 800~2,000 40~60 1.0~4.0
ABS 200~260 800~2,000 40~60 1.5~4.5
Acrylic 180~250 1,000 ~2,000 50~70 1.5~5.0
PVC 180~210 1,000 ~2,500 45~160 1.5~5.0
Polycarbonate - PC 280~320 400~2,200 90~ 120 1.5~5.0
Cellulose 160 ~250 600~2,000 50~60 1.0~4.0
Butylene 160~250 600~2,000 50~60 1.0~4.0

d' 1 [ 3 a J = a
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53 PHENOMENA AND CAUSE
NI 04 PR

25
ﬁ a |2 Molding Ma i T g £ et
1. Poor Injection . Gate Balance is Poor Flow of
Capacity poor. Materials
(Volume and Plastic 2. Gate, Runner 2. Improper
Ability) and Sprue are Small Lubricating
2. Material Supply 3. Mold Temperature Treatment
Quantity Insufficient is Low
3. Injection Pressure is 4. Cold Slugs
Low Appear
4. Resin Temperatureis | 5. Mold Cavity is Too
Low Thin
Short Shots | 5. Injection Speed 6. Gas Purging is
is Low Inadequate
6. Nozzle Resistance is 7. Insert Ribs or Other
Large (Diameter is Elements to
Small or Nozzle is Improve
Long) Flow
7. Screw Charging is
Poor
8. Nozzle is Cold
9. Back Flow Prevention
Ring is Broken
1. Injection Pressureis | 1. Poor Mold 1. Resin Viscosity
Too High Parallelism During Molding
2. Clamping Force is 2. Parting Lines is Too Low
Small are Not Matched
3. [Excessive Injection 3. Presence of
Flash quantity Foreign Material
4. Resin Temperature is Between Mold
Too High halves
5. Secondary Injection
Pressure Holding
Time is Long

d' A a = [~ Qy Y
MNAN N8 ‘ﬂfgﬂ"lﬂlﬂﬂ%?ﬂﬂ']iﬂﬂllilmil%uﬂ']u uazmmﬂ"lﬁu



<Example of adjustment of parameter for working>

Item Adjustment Guide Unit
Injection Speed +2 %
Injection Pressure +5 Bar
Injection Position +5 mm.
Injection Time +5 Sec.
Cooling Time +5 Sec.
Holding Speed +2 %
Holding Pressure +5 Bar
Injection Temperature +5 °C
JH-TOG-MC-REV.00
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ATTRIBUTE MEASUREMENT SYSTEMS STUDY

Item name: Slat Item code: 2051003002 Analysis By: Somporn Vongpeang
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Nﬂﬂﬁi’imﬁ:ﬁqﬂiuﬂiu Minitab LLﬁﬂdﬁGEﬂﬁ 7 uas 8
Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI

1 50 42 |84.00 (70.89, 92.83)
2 50 40 180.0d (66.28, 89.97)
3 50 40 ' 80.00 (66.28, 89.97)

# Matched: Appraiser agrees with him/herself across trials.

Each Appraiser vs Standard

Assessment Agreement

Appraiser # Inspected # Matched, Percent 95 % CI

1 50 42 184.00 (70.89, 92.83)

2 50 40 | 80.00 (66.28, 89.97)

3 50 39 ,78.00 (64.04, 88.47)

# Matched: Appraiser's assessment across trials agrees with the known standard.
Between Appraisers

Assessment Agreement

# Inspected # Matched_Percent ~ 95 % CI
50 35 L70.00 (55.39, 82.14)

# Matched: All appraisers' assessments agree with each other.
All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched Percent 95 % CI
50 35 170.Q0; (55.39, 82.14)

# Matched: All appraisers’ assessments agree with the known standard.

Attribute Agreement Analysis
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Date of study:
Reported by:
Name of product:
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Assessment Agreement

Within Appraisers Appraiser vs Standard

X 95.0% CI X 95.0% CI
® Percent o Percent

Percent
Percent

65 65
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ATTRIBUTE MEASUREMENT SYSTEMS STUDY

Item name: Slat Item code: 2051003002 Analysis By: Somporn Vongpeang
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NANITILATIZALUIUATY Minitab LLaméﬁgﬂﬁ 10 uaz 11
Within Appraisers

Assessment Agreement

95 % CI

1 50 50 |100.00 1(94.18, 100.00)
2 50 49 1 98.00 {89.35, 99.95)
3 50 50 |100.00 ,(94.18, 100.00)

# Matched: Appraiser agrees with him/herself across trials.
Each Appraiser vs Standard
Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI

1 50 50 1100.00 1(94.18, 100.00)
2 50 49 | 98.00 |(89.35, 99.95)
3 50 50 ,100.00 ;(94.18, 100.00)

# Matched: Appraiser's assessment across trials agrees with the known standard.
Between Appraisers
Assessment Agreement

# Inspected # Matched_Percent 95 % CI
50 49 198.00i (89.35, 99.95)

# Matched: All appraisers' assessments agree with each other.
All Appraisers vs Standard
Assessment Agreement

# Inspected # Matched_Percent 95 % CI
50 49 198.00n (89.35, 99.95)

# Matched: All appraisers' assessments agree with the known standard.

Attribute Agreement Analysis
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