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##5271432721: MAJOR Industrial Engineering
KEYWORDS: Industrial Data / Manufacturing Data / Data Warehouse / OLAP

Pathomchai Suwanpinta: Multi-Dimensional Data Analysis for Causes of Reworks

in Wheel Alignment Process. Advisor: Asst.Prof. Manop Reodecha, Ph.D, 98 pp.

The problems of reworks in the car assembly process of the case study plant
occurred when cars that had completed the assembly process did not pass the quality
inspection standards of the wheel alignment process and needed rework. Reworking
increased the workload of the wheel alignment process. This often caused overtime
work in order to meet production targets. Over-time work added production cost and
exhausted workers. Since the wheel alignment process was already the bottleneck of
the assembly line, it would also be a restriction when the company would try to increase
its production capacity in the future. Although, the company collected wheel alignment
data of every car, it did not make any use of it. This research attempted to analyze the
data with multi-dimensional data model in order to find the causes of the wheel
alignment problems. The analysis asked questions on relationships between problems
and factors that might cause them. When the analysis revealed the real causes of the
problems, effective solutions were proposed. After implementing the proposed solutions
for two months, it was found that the reworks of the wheel alignment process reduced

significantly from 4.99 percent to 3.9 percent.
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POSITIVE NEGATIVE
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2.1.2 sTUUASRUNANENITAIATIZT
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'
a vada

[ 3 o a o A | ¥ =X
duduneuzesniswmuiwazdinaziniaaen lunisdguanduldls soudanag

a A dl ¥ o dl v A 1
W?Q@@@ULLﬂxﬂ?ZLNuVI’]\‘]L@@ﬂIMﬂW?LLﬂﬂQ_’IV’] sﬁ\‘l‘ﬂq‘ﬂlﬁf}"mLL‘Ll‘LlLW@@?”I\W]”I\?L@@WF]”I\?”I Tunng

o = o Aaal
wilsymnviseanuuununiawndeymnangn

3. nN9ARLAAN (Choice)

o

a A & A o - A
mmzﬁu%%m@n@zmﬂﬂLLHQV]NVILMN’V.:@NHU‘]:TQ_,IW] LL@Z?@GWUHW?MNWT]V]Q@I@E

32

21 1 LATRINANN T LATIET ANUALAN A LAY NARAL LN UIAILARLLUIN NN 1A

pusiuladnlfiaanuuImnainngn

4. n9n1d1% (Implementation)

1
o a ]

\udunauntuanissindulalddnin uazfisnunaresnistfuminensaaaendn

¥ o Y

nganiuauilulilasinellsz@ninan iraddadadasilsznisle azdasinisuilavize

duilgaliiaanaias uavimunzanduaniunisniadiels

I.Lu'aﬁmﬁ’luqsﬁ@’é'@’iﬁﬂz ( Business Intelligence: Bl)

Tutfaqiiull nalulagarsaumnAdinuniunumndnAtysiagsnant 9NN 89AnsNA

9

1
aAA o o

= % 1% [ ¥ a s vy
walulagniuasaazi F’]Q’]N1ﬁL‘].E‘EI‘].IVIW\‘]W]MW]?LL‘H\?‘UH QU?M”I?‘H@\?@\?ﬂﬂﬁ‘@’]ﬂ’]ﬁ‘ﬂﬁlﬁﬂlﬂﬁﬁj@

ansaumANTuaNsLaziuiw e aduayunsindulaliotnesnide uazarnsnin
aunwisalfinauilyuuiegsnaldviusamenisnd Aldinesdiayanialuasdnaiviigu ana
@ v - A @ ' ' = @ v s A o | a = o v dl o
dudeyaresasdnsniiuguisviraiiudeyaresesdnsaunetlugsnanaaiusieivali
wdladnszuufieyaansaunANAINN DRI LANBIABAIINABIN13 BTN 99 ALIGITD

AN LA

E. Turban, E. J, Aronson, L. P, Liang waz R. Shardy (2007) l#llenugsnadaasey

Handunisirdeyaarsaumanieguineliiinlsclaagegainedaaiianisfdndulan

U

<]

anfiasuazusiugn g ldmaTulatidudoulsenaunnn liszaunadnga inezilmune



20

o a a v oA A o v ! ¥ a o X = o
VANNTANRUTINARIRTES AR m?mmg@mﬂmamﬂﬂmﬂmﬂizimu gaunalulagseau

1 dl v o a [ % a A Y 1 % 1 v & & %
ﬂ’]ﬂ@qﬂwLmqﬂq@uﬂﬁwuﬁﬁ'ﬂQQ@'ﬂiﬂg AR LLW@\‘]‘“@H@M’NW vLmLLﬂS’]u‘ﬂ'ﬂﬁ;ll@ 11/\]@ Lﬂumu
ARYTAYA (Data Warehouse)

Anfnad nannaan (2552) hlHAtauadsdiayaliduilussuudeayaauinlg)
'8 A 1 AJ dl d’l [ Yy v vy v 1 = a a
10989ANIMTENIa e Ut Maed uaa Ll lieuainisn ey lfadelidszAnsnan

Tandunisifiusausindeyaaingudeyasyuuanulszadis (Operational Database) Uay

'
P = v ¥

¥ dl & dl o =3 09: 24
JNUTBHADUNEUBNDIANT (External Database) sﬁwﬂyj@mmmLﬂuiuﬂaqm@yj@ummm

u

|
o

= = @ v pRp = ] = s A ° =
Nﬁ“quWHQW@ LL@&Lﬂ‘LA‘ﬂm\I@m\lﬂmﬂﬂ‘WLWHGWﬂmﬂﬂﬂﬁ‘uﬂﬂﬁ]Lﬂﬁ:ﬁﬁ LNBRUIAIRRUN

U
o

]
WxNzaNn19gana Tnanisdiasieifiesninlfiuuusanads (Multi-dimensional — Analysis)

o Y o

Tnsea1aaesndsdays Huasninm 2.4

HTERMAL
DATA -
BOURCES r
Warp: = Acooss ung
I « Dratn myrmng
p— Infenmaten
EXTERMAL E2tarnal Dirsciory
DATA
SOURCES

o

NN 2.4 NITLIUNNTTRIARITRYA (http://www.datawarehouse4you.info, 16 HWIAN

2554)



21
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2. TANATINLULLNARTNY (Snowflake Schema)
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2. AN9NNRA (Dimension Table)
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3.4.1 M1919ANA354 (Fact Table)
Name Data Source Key | Data Type Description
TOEResults PK | BIGINT ID 189%03)A U
Fact_Id AN
Machineld Line_No FK SMALLINT Mmmamﬂ%q
5uss
Timeld Time FK SMALLINT wanlung
Ui
EmployeeKey EmployeelD FK | INT weinauusa
Statusld Vin_No FK SMALLINT ANTUSUDING
N1TNARDL
NIATFIUNAY
miﬂ%m{mu
aa
Modelld Model_Name FK SMALLINT ‘;j‘um
TOEAdjustStatus | Base_Total_Toe_Front | FK INT A01UCAAINNT
ld Base_Total_Toe_Low ﬁw{muz’i@
Base_Total_Toe_High
TOEValueld Base_Total_Toe_Front | FK INT ANRTNAINNNT
Base_Total_Toe_Low ﬂﬁ?w{muz’i@
Base_Total_Toe_High
Data_Total_Toe Base_Total_Toe_Front NUMERIC(6,1) | Anlunnsdiu i

_Front

Base_Total_Toe_Low

Base_Total_Toe_High
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Modelld PK | SMALLINT ID vasdasyausiazing
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o o P
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3.4.2.2 A1519NALIA (Time Dimension)

Name

Key

Data Type

Description

TimeKey

PK

INT

ID vesdayausiazing

TimeStart

DATETIME

A BuAUNIRNIY
1. 07.30 w.
09.30 1.
12.30 .
14.30 U.
19.30 U.
21.30 u.
00.30 1.

QNGO RY L N

02.30 .

TimeEnd

DATETIME

LQ@’WGI‘NI;’]/uﬂ’]?ﬁWQWu
1. 09.30 .
12.00 U.
14.30 1.
19.20 U.

00.00 %.

2.

3

4

5. 21.30 .
6

7. 02.30 u.
8.

07.30 .

TimeName

VARCHAR(60)

d1a9a1 luN19U5LAS

AN9199 3.5 danan

U

gnaniulunnselmnan
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Timeld

TimeStart
1900-01-01 07:30:00.000
1900-01-01 0%9:30:00.000
1500-01-01 12:30:00.000
1900-01-01 14:30:00.000
1900-01-01 15:30:00.000
1500-01-01 21:30:00.000
1500-01-01 00:30:00.000
1900-01-01 02:30:00.000

TimeEnd

1900-01-01 09:29:00.000
1900-01-01 12:00:00.000
1500-01-01 14:25:00.000
1900-01-01 19:20:00.000
1500-01-01 21:25:00.000
1900-01-01 23:55.00.000
1900-01-01 02:29:00.000
1500-01-01 07:25:00.000

TimeMName
07:30:00
09:30:00
12:30:00
14:30:00
19:30:00
21:30:00
00:30:00
02:30:00
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3.4.2.3 AN NNALATAIAIRNAED (Machine Info Dimension)
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Name

Key

Data Type

Description

Machineld

PK

SMALLINT

ID vesdayausiaziag

Name

VARCHAR(30)

PUIELAULATD

AN9199 3.6 Gauan

U

T 2
o

gnamL AL lum19HRLATRIEIHNAS

MachinelD) Name

1
2

1
z

NN 3.7 Naiudeya lups 9 laLATeesayNie

3.4.2.3 M519NAAIN15UsY

[
v 2

FNNNAR (TOE Adjust Value Dimension)

qQ

Name

Key

Data Type

Description

Statusld

PK

SMALLINT

ID vesdayausiaziag

Value

NUMERIC(6,1)

ANANNNNT LS LAY NN AT RILA AL AL T9351

1Hvauum 436 AN

AN919T 3.7 dauan

a

2
o

gnanLi N RRAINNTUTUAINAD




TOEValueld Value
1 1 228
2 2 -14.2
3 3 -13.2
4 4 5.3
5 5 -2
6 6 -8.0
Fi 7 7.2
8 g8 -7
9 9 £.2
10 10 B2

N 3.8 faatenigiivdeyalunisnelifiAinisliusyuie

3.4.2.5 AN919NAFDIUTNITATIAEaL (Test Result Status Dimension)

Name Key Data Type Description
Statusld PK | SMALLINT ID vesdeayausiaziag
Status VARCHAR(2) ANTUSIBINITATINEALNIATFIUY 1&uA

1. /1UNIRIFIU (OK)

2. laitunmnsgiu (NG)

dl v dl o < aa
139N 3.8 ﬂﬂN@W@Jﬂ@ﬂLﬂUIM[}‘]’]?’NNm@ﬂ’]ugﬂ’]?m?'l@@@‘]_l

u

Statusld  Status

11 | OK
2 2 NG

A 3.9 NMsiiudiasa lusnslRanIuEN1IRMAdeL
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1.4.2.6 ANFINAANLNIY (Employee Dimension)
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Name Key | Data Type Description
EmployeeKey PK | INT ID 289da3aLAazLnY
EmployeeName NVARCHAR Faneineu
(60)
Age INT BEWINIY
Experience INT tszaunisnilunisvnieu
Age_Range1 VARCHAR(30) | da9angwiinenuutiailu 2 499 An
1. 21251
2. 26 Tl
Age_Range? VARCHAR(30) | da9angwiinenuutiailu 3 499 An
1. 21-251
2. 26-301
3. 311wl
Experience_Ran VARCHAR(30) | 1lszaunisniaasniinanuuiialy 2 daq Aa
gel 1. 151
> 6 Tiuld
Experience_Ran VARCHAR(30) | 1lszaunisaiaasniinanuuiiaily 3 daq Aa

ge1

1. 1-57]
2. 6101
3. 11 tauly

AN9199 3.9 dauan
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Engiopnliess Mgu Dayeesnoe  Depopeedey  Age Fargel dge Margel Fxpenence_Pange ! Expmearce_[larged

I & u w 1 MAEQVER D NEE X EXPEMIENCEOVEN 8  EXVESENCE 10

'y H A 17 s NEOVER S OWEAD EMFESIEMNCEDVEH S  SFPERENCEOVER 18
i E F . ¥ i g 0TS dnE e RiFamiEliE 15 mErpRT.E 5

i o u I L AQE 2020 AZE RS DEFERENGE 1-5 CFEMNCT E5

3 L5 ] 1m e RN OYER Y OVER W WAPRSNCT OVER S LErEREnCE 60

E ¥ = | . MEEQVER N OVER D EXPESIENCEOVER S EXFERENCE R0

1 = N & T AR OVER D AGE 360 EAFERIGHCE ONVFR Y EaFERaEndl F 6-10

1 L | R | Ao 208 ML ENFERIERCE 1-3 (e, S

] | o 1 ¥ ACEOWER IS - ABE DN ENFERIEMCE CVER ®  EXFERERNCE OVER 10
L = & L REVER A - TNER XD ERPRAENCEDVER S  SxeENERCE GF

1 3 "/ B ! 1 MEOVERA M EE ERFERIERCE 18 EXFERENE TL

I SO e i 13 My 3015 MaE 3T EXFERIFHCR 1-5 sIFEREMNTE 5
. =T | g ACECVERE  RIT R EEFERIENCE 1-3 CEPErEENCT 12

= N . R L] MEOVERDZE ASE NI EXPERIENCE OVER S  EXFERERCE R I0

1 TR - | s H 1% LRSS i i MEE 2 EMFEAIENCE 14 LErRREg LY

B G an 1 18 T Fagl Ak 3022 EAFESIEHCE 145 EARERENCE 15

N 3.9 naLivdiesyalunnselAnTNeY
3.4.2.7 M9 NEARNUEN19USUAS (TOE Adjust Status Dimension)

Name Key Data Type Description
TOEAdjustStatusld | PK INT ID 109y ausazLg
RangeName VARCHAR(60) | antuzaasnisuiumsluisas

g0q THwn

1. OK

High NG level 1
High NG level 2

Low NG level 1

2

3

4. High NG level 3
5

6. Low NG level 2
7

Low NG level 3

AN9199 3.10 danan
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Name Key Data Type Description
RangeStart NUMERIC(6,1) | AnGudinaasusiazdng fil
9971 1 = 0.0 181,
F997 2 = 2.1 7.
F997 3 = 4.1 7.
9971 4 = 10.1 a1,
F997 5 = -2.0 41,
9971 6 = -10.0 1.
997 7 = -100.0 .
RangeThru NUMERIC(6,1) mﬁ”uzgm@\uwi@zmq i
F997 1 = 2.0 7.
F997 2 = 4.0 7.
9971 3 = 10.0 a1,
997 4 = 100.0 1,
997 5 = -0.1 4.
F997 6 = -2.1 a1,
9971 7 = -10.1 .
StatusType VARCHAR(2) sRARUANN T LR s
azding fatl
Faft 1 = HIUNIATFIU (OK)
997 2-6 = Tdsnusmegu
(NG)

AN999 3.10 danan

U

gnaaiulumselRanuznsliuss (sie)
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TOEAdjustStatusld  RangeMame RangeStat RangeThru  StatusType
1 oK 0.0 20 oK
2 2 HIGH MG LEVEL1 21 40 MG
3 3 HIGH MG LEVELZ 41 10.0 MG
4 4 HIGH NG LEVEL 3 101 100.0 NG
5 5 LOW NG LEVEL1 -20 01 MG
6 & LOW NG LEVEL2 -10.0 21 NG
77 LOW NG LEVEL3  -100.0 101 NG
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CREATE TABRLE Employee_DIM(
EmployeeName nvarchar (60) NULL,
Age int NULL,
Experience int NULL,
EmployeeKey int NOT NULL,
Age Rangel varchar (30) NULL,
Age Range2 varchar (30) NULL,
Experience Rangel varchar (30) NULL,
Experience Range2 varchar (30) NULL,
CONSTRAINT PK_Employee PRIMARY KEY CLUSTERED
ASC)
) 7

CREATE TABLE MachineInfo_DIM(
MachineId smallint NOT NULL,
Name varchar (30) NULL,
CONSTRAINT PK_MachineInfo PRIMARY KEY CLUSTERED
(
MachineId ASC
)
) 7

CREATE TABLE Model_DIM(
ModelId smallint NOT NULT,
ModelName varchar (10) NULL,
CONSTRAINT PK_Model_DIM PRIMARY KEY CLUSTERED
(
ModelId ASC
)
)7

CREATE TABLE TestResultStatus DIM(
StatusId smallint NOT NULT,
Status varchar (2) NULL,
CONSTRAINT PK Status PRIMARY KEY CLUSTERED
(
StatusId ASC
)
) 7

CREATE TABLE Time_DIM(

TimeId smallint NOT NULL,

TimeStart datetime NULL,

TimeEnd datetime NULL,

TimeName varchar (60) NULL,
CONSTRAINT PK_Time PRIMARY KEY CLUSTERED
(

TimeId ASC
)

)7

(

EmployeeKey
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CREATE TABLE TOEAdjuStStatus_DIM(
TOEAdjustStatusId int NOT NULL,
RangeName varchar (60) NULL,
RangeStart numeric(6, 1) NULL,
RangeThru numeric (6, 1) NULL,
StatusType varchar (2) NULL,

CONSTRAINT PK_TOEAdjuStStatuS_DIM PRIMARY KEY CLUSTERED

(

TOEAdjustStatusId ASC
)
) ;

CREATE TABLE TOEAdjustValue_DIM(
TOEValuelId int NOT NULL,
Value numeric (6, 1) NULL,
CONSTRAINT PK_TOEAdjuStValue_DIM PRIMARY KEY CLUSTERED
(
TOEValueId ASC
)
) 7

CREATE TABLE TOEResults FACT (
TOEResultsFact Id bigint NOT NULL,
MachineId smallint NULT,

TimeId smallint NULL,
EmployeeKey int NULL,
StatusId smallint NULL,
Data Total Toe Front numeric(6, 1) NULL,
ModelId smallint NULL,
TOEAdjustStatusId int NULL,
TOEValueId int NULL,
CONSTRAINT PK TOEResults F PRIMARY KEY CLUSTERED

(

TOEResultsFact Id ASC

)

) ;
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ALTER PROC [dbo].[sp TransformDatal]

AS
DELETE FROM VinInformation DIM;
DELETE FROM MachineInfo DIM;
DELETE FROM TOEResults DIM;
DELETE FROM TOEResults FACT;
INSERT INTO MachineInfo DIM (Name)
SELECT LINE NO
FROM NCATResults
GROUP BY LINE NO;
INSERT INTO VinInformation DIM (Model, Vin No, Lot no)
SELECT
[Model] = CASE
SUBSTRING (REPLACE (REPLACE (MAX (Model Name), '@', ''), ':', '"), 4,1)
WHEN '1l' THEN '4X2'
WHEN '2' THEN '4X4'
WHEN '3' THEN '4X2 (H)'
END,
Vin No
=REPLACE (REPLACE (Vin No, '@"', '), ':', '"),
Lot No
=REPLACE (REPLACE (MAX (Lot no), '@', ''), ':', '")
FROM NCATResults
WHERE CASE SUBSTRING (REPLACE (REPLACE (Model Name, '@', ''), ':'
", 4,1)
WHEN '1l' THEN '4X2'
WHEN '2' THEN '4X4'
WHEN '5" THEN "4X4'
WHEN '3' THEN '4X2 (H)'
END IS NOT
NULL

GROUP BY REPLACE (REPLACE (Vin No, '@', ''), ':', '');

INSERT INTO TOEResults DIM(VinInfoId, MachineId, TimeId, Date,
Time, EmployeeKey, Judge Status,Base Total Toe Front Low,
Base Total Toe Front High, Base Total Toe Front Medium,
Data Total Toe Front)
SELECT
DISTINCT Tl.VinInfoId,
T2 .MachineId,
T3.TimeId,
[Date], [Time],
T4 .EmployeeKey,
Judge Status = Total Judge NCAT,
Base Total Toe Front Low = O,
Base Total Toe Front High = 1,
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Base Total Toe Front Medium = 2,
Data Total Toe Front= ( CONVERT (NUMERIC(19,6),
TO0.Data Total Toe Front) - CONVERT (NUMERIC(19,6),
CONVERT (NUMERIC (19,6), TO.Base Total Toe Front Low) +
CONVERT (NUMERIC (19, 6), TO.Base Total Toe Front High ))/2 ) + 1
FROM NCATResults TO
INNER JOIN VinInformation DIM Tl ON T1.Vin No =
REPLACE(REPLACE(TO.Vin_NO, t@ar, 'Yy, t:',0th)
INNER JOIN MachineInfo DIM T2 ON T2.Name = TO.Line No
INNER JOIN Time Dim T3 ON TO0.Time BETWEEN T3.TimeStart AND
T3.TimeEnd
INNER JOIN Employee DIM T4 ON T4.EmployeeName = TO.Employeeld;

INSERT INTO TOEResults FACT (VinInfolId, MachineId, TimeId, Date,
Time, EmployeeKey, StatusId, Data Total Toe Front)
SELECT
TO.VinInfoId,
TO.MachineId,

TO.TimeId,
TO. [Date],
TO. [Time],

TO.EmployeeKey,
T1l.StatusId,
T0.Data Total Toe Front
FROM TOEResults_DIM TO
INNER JOIN (SELECT
ROWID = MIN (TOEResultsId),
StatusId = 1,
VinInfoId
FROM TOEResults_DIM TO
GROUP BY VININFOID
HAVING COUNT (*) = 1
UNION ALL
SELECT
ROWID = MIN (TOEResultsId),
StatusId = 2,
VinInfold
FROM TOEResults_DIM TO
GROUP BY VININFOID

HAVING COUNT (*) > 1) Tl ON
T1.ROWID = TO.TOEResultsId;
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WAZKAR WAL Well Site Manager
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