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ABSTRACT

This case study reveals the application of theory and industrial engineering in solving the
problems occurring in industry, for instance, using the theory of 7 QC Tools together with the
theory of New 7 QC Tools, Productivity Improvement and the Theory of Design of Experiment in
the last testing process of Inkjet production.

The processes of 2,685,662 printers’ production from the factory are used as a case study.
The finding shows that 2,723 printers which are produced in per month, there are 0.10 % or 452
printers which are the under-standard in the image quality. As the result, the factory has to pay for
reworking which cost 45,578 baht or 7,596 baht per month. The study aims to analyze the causes
and study the factors which affect to the image quality in the final inspection of inkjet printer
production. The study consists of 6 procedures including data collection, data analysis, results,
experiments, improvement processes and conclusion. The study is focused on the process of the
final inspection of Inkjet production before packaging and delivering to the customers.

The findings show that there are 3 factors which affect to the image quality in the final
inspection of inkjet printer production including rubber wheels, code wheel and shaking force while
working. After controlling the three factors, the findings mention that the problems of the printers
which don’t pass the quality control are decreased at 197 printers per month or 0.04% and able to
decrease the expense in resolving these problems at average 3,300 baht per month. As the results,
the rate of under-standard of quality printers is decreased at 60 % or 50% per month which gives the

factory’s satisfaction.

Key words: Quality Control, Design of Experiment, Productivity Improvement
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2.9 M3IAHiANNNY5159% (Analysis of Variance, ANOVA)
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Ink Tanks Scanner
] The PIXMA MP810 employs a five-color ink system ] The PIXMA MP810 incorporates a
comprising cyan, magenta, yellow, black and 4,800-dpi CCD scanner for

pigment-black inks high-definition scanning and copying

Paper Feeding Mechanism

Incorporates an automatic duplex
printing unit and offers 2-way
paper feeding — from the paper
cassette at the front or from the
auto sheet feeder at the rear. A
tray guide enables DVD/CD label
printing and copying

LCD Monitor
The PIXMA MP810
incorporates a high-
resolution fold-out
3.0-inch TFT
monitor with a wide
viewing angle that
displays
exceptionally clear
images and menu
icons

Carriage

Moves
horizontally while
the print head
ejects ink droplets

Card Slot PictBridge-Compatible Direct Print Port
Supports dire ct printing from a Allows the direct printing of photos simply by
wide range of memory cards connecting a USB cable to a PictBridge-compatible

digital camera or digital video camcorder
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26 | w3eaiios | arw 37 26 | 1304 26 AU 11
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28 | wSeeiios | addu 36 28 | 1n0sii 28 AU 8
29 | w3eaii2o | s 40 29 | 1n30sii 29 AU 5
30 | wSesiizo | ladw 36 30 | w3030 AU 13
31 | wdeadizn | aid 41 31 | n3eedt 31 U 13
32 | wSesiiz2 | aidhw 45 32 | 1n3eii 32 AU 8
33 | 13033 UHU 41 33 | 19304t 33 AU 14
34 | wdeafiza | s 36 34 | n5eddi 34 U 9
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39 | 1n30di 39 UH U 40 39 | 1n304ii 39 AU 14
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47 | 1930t 47 UHU 37 47 | 1n30eft 47 AU 16
43 | w3eaiias | s 38 48 | 130 48 AU 6
49 | wieaiiao | s 38 49 | 1n30afi 49 AU 13
50 | wnSesfiso | laddu 36 50 | 1n3edi 50 AU 19
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StdOrder | RunOrder | CenterPt | Blocks A B C Result
1 1 1 1 -1 -1 -1
2 2 1 1 1 -1 -1
3 3 1 1 -1 1 -1
4 4 1 1 1 1 -1
5 5 1 1 -1 -1 1
6 6 1 1 1 -1 1
7 7 1 1 -1 1 1
8 8 1 1 1 1 1
9 9 1 1 -1 -1 -1
10 10 1 1 1 -1 -1
11 11 1 1 -1 1 -1
12 12 1 1 1 1 -1
13 13 1 1 -1 -1 1
14 14 1 1 1 -1 1
15 15 1 1 -1 1 1
16 16 1 1 1 1 1
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1la9e
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- 1,333.50 0.000
ANUAANAA
. 98 1,288.3 13.1
uUUgU(Error)
59U(Total) 99 18,818.0
S = 3.626 R-Sq = 93.15% R-Sq(adj) = 93.08%
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432 HAINTIZHNIVONULUNINAGLRI (DOE)

Wil nnasai 42 lilkinsesnuuunsnaasalag Program Minitab
Gonmanaanariia 3 This  aemauiliolszaeudis 2 srduuaziinismanos
(Replicates) 2 a%a W¥nsnaaeanny 2 Tasmsnaaeesinuam mManaaoei 2 A Mioann
éfmmimmmmﬂﬁ%ﬂmu Sniusadennanos nun 2" UAAIWANINAADY 16 MINARDS

A
AT NN 4.3

A5 19N 4.3 HANTNAADY 16 MINAADY

StdOrder | RunOrder | CenterPt | Blocks A B C Correction (1)
4 1 1 1 1 1 -1 34
12 2 1 1 1 1 -1 36
2 3 1 1 1 -1 -1 22
7 4 1 1 -1 1 1 29
8 5 1 1 1 1 1 36
3 6 1 1 -1 1 -1 33
13 7 1 1 -1 -1 1 14
1 8 1 1 -1 -1 -1 38
9 9 1 1 al -1 -1 38
14 10 1 1 1 -1 1 10
15 11 1 1 -1 1 1 31
16 12 1 1 1 1 1 39
6 13 1 1 1 -1 1 8
10 14 1 1 1 -1 -1 21
11 15 1 1 -1 1 -1 30
5 16 1 1 -1 -1 1 15
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4.3.7 NATOUANUUANAIIN ANOVA @28 Minitab

{ a o
A15199 4.4 M5UATILH Estimated Effects and Coefficients for Result

Term Effect Coef SE Coef T P

Constant 27.125 0.3536 76.72 0.000
A -2.750 -1.375 0.3536 -3.89 0.005
B 12.750 6.375 0.3536 18.03 0.000
C -8.750 -4.375 0.3536 -12.37 0.000
A*B 8.250 4.125 0.3536 11.67 0.000
A*C 3.750 1.875 0.3536 5.30 0.001
B*C 9.250 4.625 0.3536 13.08 0.000
A*B*C -1.750 -0.875 0.3536 -2.47 0.038
S = 1.41421 PRESS = 64

R-Sq = 99.05% R-Sq(pred) = 96.20% R-Sq(adj) = 98.22%

Y
o Y A 9

MNMTIN 44 FUNAAT P-value Y9119 8NTNAADAITNADDITUIZTABINANDEAI

= 1 1 o w

% ' [ Qa}/ v @ a 4 @
0.05 cdﬁmammﬂmsmumamﬁﬂiuamwm%ﬂi:ﬂzmswuwaﬂwﬁuammg NIINagaoU

[ a z{ v A . 4! Y [ qul d‘ o AAa Al
duilse@nsvesmsanaule R-Sq(adj) %Qﬁ'm'liﬂﬂﬁlﬂhlﬂ’néﬂiﬁ]ﬂ‘ﬂﬂ 3 NUININA[DI UDNTAD

1 ~ = aa A o A " Y
NITNAADN 98.22% aIUNYIa00N 1.78% N@ﬂﬁWﬁ%Wﬂﬂ%%ﬂﬂﬂ’]Uﬂﬂqhqﬂ

d’ a 4
13199 4.5 Ans1zranuualsalsiu (ANOVA)

Source DF Seq SS Adj MS MS F P
Main Effects d 986.75 986.75 328917 | 164.46 | 0.000
2-Way Interactions 3 670.75 670.75 223.583 | 111.79 | 0.000
3-Way Interactions 1 12.25 12.25 12.250 6.13 0.038
Residual Error 8 16.00 16.00 2.000
Pure Error 8 16.00 16.00 2.000
Total 15 1685.75

[DIANUIN V]
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4.3.8 9IUHANIINAADY
d' o % d’ 1 1 ! 4
nnmsmihilitenaandinanedasimssaelunmstlounszaiy Tasanin
Wsan Ja981dn (Main Effect) 11021998393 (Interactions) Wu1ilade
1990 A finaaeoasimisawelumsilounszauediivedAnnszay 0.05
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Test for difference = 0 (vs not = 0): Z=—AE ) P-Value = 0.000

Fisher's exact test: P-Value = 0.000
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Normal Plot of the Standardized Effects

(response is RESULT, Alpha = 0.05)

Absolute Standardized Effect
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Pareto Chart of the Standardized Effects
(response is RESULT, Alpha = 0.05)

2.31
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Factorial Fit: RESULT versus ROLLER, DRTY CODE, VIBRATION
Estimated Effects and Coefficients for RESULT (coded units)
Term Effect Coef SE Coef iy P
Constant 27.125 0.3536 76.72 0.000
ROLLER =285 Ny F=38 5 0.3536 -3.89 0.005
DRTY CODE 12.750 6.375 0.3536 18.03 0.000
VIBRATION =EPPNG ) \ 7335 0.3536 -12.37 0.000
ROLLER*DRTY CODE 8.250 4.125 0.3536 11.67 0.000
ROLLER*VIBRATION 3.750 1.875 0.3536 5.30 0.001
DRTY CODE*VIBRATION 9.250 4.625 0.3536 13.08 0.000
ROLLER*DRTY CODE*VIBRATION -1.750 -0.875 0.3536 -2.47 0.038
S = 1.41421 PRESS = 64
R-Sgq = 99.05% R-Sqg(pred) = 96.20% R-Sqg(adj) = 98.22%
Analysis of Variance for RESULT (coded units)
Source DF Seq SS Adj SS Adj MS F P
Main Effects 3 986.75 986.75 328.917 164.46 0.000
2-Way Interactions 3 670.75 670.75 223.583 111.79 0.000
3-Way Interactions 1 12.25 12.25 12.250 6.13 0.038
Residual Error 8 16.00 16.00 2.000
Pure Error 8 16.00 16.00 2.000
Total 15 1685.75
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Test and CI for Two Proportions

Sample X N Sample p

1 452 447610 0.001010

2 98 443277 0.000221

Difference = p (1) - p (2)

Estimate for difference: 0.000788727

95% CI for difference: (0.000685902, 0.000891552)

Test for difference = 0 (vs not = 0): Z = 15.03 P-Value = 0.000

Fisher's exact test: P-Value = 0.000

517 .4 FaMIAIUIUAINEDA

u

108



MANUIN 3

MruANIAs FIHITMIU AL

o o dy Yy ~ an a vAa [ ~
Lionensmdapuad lumanlasudasmslianuuaasdegin a1
= Aad a A U q'/ = 3 d’
2. 5108zl fianuilosnumsduaziiounaasaig i 2

= an a wva [ 1A dy 9y @ [ A
3.318’613&@ﬂﬂ’J‘ﬁﬂ']ﬁTJ;]‘]JGN'IM{]fNﬂ‘Llﬂﬁﬁﬁﬁ@ﬂﬁutﬂ@uﬁ@iﬁﬁllﬁﬂ\iﬂ\izﬂ‘ﬂ 33



ISSUE NO.

ASSEMBLY WORK

INSTRUCTION (MP ) MODEL
oiiAlag : astvaoulay : Favinlae : wlalag : .
=R Bt iy B
JAPANISSUE NO. : . UiRudimew n13szaow Unit no. SRR O Aaua ude
AART ES SHRL=Y Mo, AIUATIRITI HE (V28 SUDET)
PART NO. / PART NAME : . . . g
HEES BBEH Main Ass'y Main Ass'y Ugiimas BA WIh5)
MaHa
B . . .
Inform operation method in process EMIP for protect EMIP 51 fail problem .
I a a wa :’J d‘ U
Fua3Emsdfinnuluduaewdr EMIP iiveilosnuilyv EMIP 51 fail.
3Bms, nasg ez glday : 73E, e R

EMIP 51 Fail condition ( @MW EMIP 51 fail )

Error EMIP 51 Fail show.
w&n9 Error EMIP 51 fail

Monitior show When EMIP 51 fail .
€= y11i7p3zu0 (falAn EMIP 51 Fail .

Start =

Evaluation data not show .
dayanriiunstseifiunalivgng

Frinter:

ANG (max) I Printer Sarial:
e SUCHELL R © Error mean of EMIP 51 fail .
LE 50 - AMNKUNE Error 2a9 EMIP 51 fail .

HEN LF
HEN EJ

0=

Operation method , Please see detail in attach sheet page

ad a wva = 2
’Jﬁfﬂil]g]“ﬂﬂ , DI INYaPEATIU

o o TN TN
VOAIFILI ¢
¥HrE R
EBER fimsnlduu STANDARD TIME wiehi zr W O il
IHREE ES &
= o o Sohi 1t il
1. Already Inform ass'y member ( fanealaninny Ass'y meember ) Aaufily JFORK STANDARD (el El D
ERBEEEE E3 &=
fin 30l : iy
[ Mr.Likhit /Mr.Uthen /Mr.Veerapong /Mr.Supawan /Mr.Wichit /Mr.Khunchit | Nn;?;’émnECN ik D g z( =
f11uANITedN ECN :
BRERFTATD1—) .
fimsudsfndedaaninieli Z i O wiw
BENEE = S
§m5u9a BODY NO., LOT NO. Taounun ASSEMBLY — #%/ OvNES#AA
BODY NO. (FOR PRODUCT )
LOT NO. (FOR S/V,K/D )

DISTIBUTE TO:

zr MTA [ curmo [ eoe2 OTHER.......oorrvvrnrnes
Z/ PRQA [] curex rroa
[Jeap 1 2 ) pC [ pcs mrc.

|zr‘\ss'v .00’&‘ ) COwmp ¢ MPAD  MEQA  MPD )

= oy (A an A wa
51U 9 Lenasmdaulasuismsigiiaau

110




Operation Method for protect EMIP 51 Fail .

(damsUfiidviailasiu EMIP 51 Fail )

1.Protect vibration while machine printing ( ﬂaoﬁumiiuazlﬁaumm:ﬁuw')

SFP

A ~  §
Machine printing EMIP pattern.

- PR O S )
wsavAawinnuEL EMIP .

Machine printing EMIP pattern. il Diasha moving attack.

- PP SR ) D h - -
wsavAaWINnuEL EMIP | iasha inaaunau.

- To be careful Daisha moving Attack while printing .

- ~ 3 . P e
- suiasedy  Diasha indaunouanueniasasinasiun

- To be careful Daisha moving Attack while printing .

o ~ S o o o G
- srlasedy  Diasha indaunouaaieiasasanasviun

EMIP pattern page 2 printing .

- Py B ok It
wiaaaviuvuee EMIP .

Insert USB while EMIP pattern printing -

\Fouana USB waueiinviuee EMIP.

-Don't Insert USB cable while print EMIP pattern.

- Lidauas  USB sawivinviutiu EMIP.

N < e
PSS £ \VIIP Patter Printing.

Ardeiuvi EMIP

Front door closing .

Front door Aravila

- Don't open / closed Document unit while EMIP pattern printing.

-lifla /dlaga Document wmueiviani EMIP.
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2.Protect Grease dirty at Eject code wheel & LF code wheel.

(ilaviu Grease iilauii EJ code wheel uaz LF code wheel )

Grease dirty at Eject Code wheel .

Grease ol Eject Code Wheel
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A Study of Factors that Affect Image Quality
A Case Study : a Final Inspection of Inkjet Printer Production
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Abstract

The processes of 2,685,662 printers’ production from the factory are used as a case study. The finding
show that 2,723 printers which are produced in a month, there are 10 percentage or 454 printers which are
the non-standard in the image quality. As the result, the company has to pay for reworking which cost
45,578 baht or 7,596 baht a month. To improve the quality based on the company standard and due to the
hypothesis setting, this study is able to gain the factors which affect to the image quality and able to
decrease the problems occurred in image quality at 50 %. Consequently, this study aims to analyze the
causes and the factors that affect the image quality in the final inspection of inkjet printer production. The
theory and industrial engineering are applied including: Quality Controlled, 7 Quality Controlled Tools, the

New Quality Controlled Tools, the Theory of Productivity Improvement and Design of Experiment.

Keywords : Quality Control, Design of Experiment, Productivity Improvement
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P @ [ o { 9
13199 3 adenazszavveailadonldluns
NAABANFY uWANOBsAVVADITLAY

Estimated Effects and Coefficients for RESULT

Term Effect Coef SECoef T P

Constant 27.125 0.3536 76.72 0.000
Roller -2.750 -1.375 0.3536 -3.89 0.005
Dirty Code 12.750 6.375 0.3536 18.03 0.000
Vibration -8.750 -4.375 0.3536 -12.37 0.000

Roller*Dirty Code 8.250 4.125 0.3536 11.67 0.000
Roller*Vibration 3.750 1.875 0.3536 5.30 0.001
Dirty Code*Vibration

9.250 4.625 0.3536 13.08 0.000
Roller*Dirty Code* Vibration

-1.750 -0.875 0.3536
PRESS = 64

-2.47 0.038

S =141421
R-Sq=99.05% R-Sq(pred) =96.20% R-Sq(adj) = 98.22%

a4 a (9 9
M13199 4 AInsevanulsisruvesilede 714
lumsnaass (ANOVA)

Analysis of Variance for RESULT
Source DF SeqSS AdjSS AdjiMS F P
Main Effects 3 986.75 986.75 328.917 164.46 0.000
2-Way Interactions

3 670.75 670.75 223.583 111.79 0.000

3-Way Interactions

1 1225 1225 12250
Residual Error 8 16.00 16.00 2.000
Pure Brror 8 16.00 16.00 2.000
Total 15 1685.75

6.13 0.038
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