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Independent Study Title The Use of Six Sigma Techniques to Improve the Working

Cycle Time in the Deaerator Pressure Vessel Manufacturing

Industry
Name - Surname Mr. Ong-Art Sanpinit
Major Subject Business Engineering Management

Independent Study Advisor Assistant Professor Daranee Pimchangthong, D.B.A.

Academic Year 2016

ABSTRACT

This independent study aimed to implement the use of Six Sigma Techniques to improve
the working cycle time in the deaerator pressure vessel manufacturing industry. The Six Sigma
Techniques were applied to improve the working process in order to reduce or eliminate excessive
waste in the production cycle especially in the fit up and welding process.

The use of the value stream mapping which showed the production work flow identified
the time duration and also the time loss in each process. Therefore, this mapping could help
improving the total working time. The Six Sigma DMAIC (Define, Measure, Analyze, Improve, and
Control) methodology was the five-phase strategy that led to the problem solving and process
improvement. The researcher defined the causes of the problem by collecting information about the
manufacturing processes. Then, the information was analyzed and the production process
improvement plan was developed and implemented to improve the working cycle time.

The result of this study revealed that the production process improvement plan reduced
the non-value added activities to less than the expected level in the project charter. The results
further yielded to generate 134,267 THB savings per tank in the fit up and welding process.

Keywords: Six Sigma Techniques, working cycle time improvement, cost saving
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2.3 YUABUVYBINIZVIUNST DMAIC
23.1 Define-ingiszasdvosmsmiuavouuailaivesiuaou DMAIC Apn1s

I § o W 1
szyanuiullidvesInsans naglasamsnidendelinnudingaegni (Foauoagnan,

=\ o o o A a9y Yy Ao Y
voe) wazlianudidgylumsdutiugsneduaiuladeimanlunszuiums gnaarena
o 9 <3 9 o s A dﬂg A A g’/ tiy 9 .
Tudeuniualenuilss Tewinmavuvedlnganis insele luvuaouilalsznoualg Project
4 = A lﬂy
Charter, SIPOC, 11z VOC #19518az100a¢0 1111
2.3.1.1 DINTTULINVRINM T UAvEUIA TAg]¥555uYnoTATINT (Project
a o [l Y o dy ~ I o [l .
Charter) Up3A152noUDE19MREAIH MWA 2.1 1111AI9E19UBY Project Charter
1. VOVWAYBINUHI 0 1ATINITNLI (Project Scope)
2’, o A o Y o (% Lﬂy
2. YUABUNIINNU (Process) NMvuailminedmsyIasimsis
@ 4
3. J0Q1szaan (Objective) TeyTayrinneazidsavelym
v 4
4. Wa@gUMgIne (Business Result) Insanisfazihiilsznda’lauinyio
Y Y ' '
ladtoen lns
ol o LA 1
5. UszTeminlasy (Benefits) uonnieainmslszudanldne 14

Y
walsz Tewios 15ifaduan Insans

° 2 Y 3
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Project Leader Ongh-Art S. Deployment ue asTans  dradaufiv
Champion
Start Date 1-Oct-2013 Target Complietion 12-Feb-2014
Date
Element Description Team Charter

1. Project Scope: Describe the project scope To reduce production man-hours for pressure vessels

2. Process: The process that will be This process focus on DEAERATOR Vessel only as pilot’s
targeted by this project. process of Six Sigma.

3. Objective:

{Problem Statement) Metric Baseline Goal

The Factory Mngr. expects to reduce working man-

hours for Product DEAERATOR to 0.18Mhrs/Kg,

current process is operating at 0.29Mhrs/Kg. This

reducing process began next order from STORK at Mhrs/Kg 023 Mixsig 0.18 Mhrs/Kg

Production 2.

4. Business results: What are the projected If we reduce production hours/kg as a plan, we’'ll saving cost

(in dollars if cost savings — provide both | of production/kg as below details:-
possible) “hard” savings, “soft” Cost/hrs Kg Hrs/kg M-hrs Cost
savings. 120 100,000 0.29 29,000 3,480,000
120 100,000 0.18 18,000 2,160,000
Cost Saving | 1,320,000

5. Benefits In addition to the cost Increasing efficiency of production and reduce waiting time
savings, describe the for each division, energy saving, etc.
potential benefits from this
project.

7. Team members: List the names and job = wvgassans  aradgdu Master Black Belt
responsibilities of the = Ul AIA Fivansaal Black Belt
members of your team. = ulg adana WRUFTR Green Belt

= U aRg | @3EINFY Team Member
= Ul l@nansd  WEYINu Team Member

8. Schedule: Deﬁne_ the goals for the MeastiEREView See Project Schedule attached
key milestones/dates.

- See Project Schedule attached
Analyze Review

4 See Project Schedule attached
Improve Review
ORI R See Project Schedule attached
Project Complets See Project Schedule attached

9. Support required: |Do you anticipate the need | N/A
for any special capabilities,
hardware, trials, etc?

MWA 2.1 53504 1ATINT (Project Charter)
2.3.1.2 NINTTUBENADIVBIN T UAYE LA ¥ High Level Process Map, Ni3ena
. 9
SIPOC (Supplier-Input-Process-Output-Customer) {ERRRN
= g o 3 o w A A 1 v oA
1. Weudupoumsinau lasagihitluaiauTasun n32U9UN1300U (Process B9
9 Y
3) TaguuaouileIN1910 NILVIUNITHINY LASIHUANNITNIIY (Process Map & Process

Flow Chart) 910630819 21N 2.2 15U910

v/ n3e szneu A3I980U nagey Wun3a /
An Fuau / 5o nuulivhae W3 WU
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2.3.1.3 NANITUNADIVDIMIMHUAVDLIVA LS VOC 30 Voice of Customer
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Xbar-R Chart of Mhr/Kg

Sample Mean
o o
- w 'S
o w

1 1

Sample Range

T T T T T T T
1 2 9 4 5 6 7
Sample

MNN 2.3 UAAIANIDE19UN Control Chart L1UU X - R Chart

UCL=0.5346

X=0.2608

LCL=-0.0130

UCL=1.004

R=0.475

LCL=0

I aa g { ]
5. Process Capability UJUﬂ15ﬂjﬂﬂﬂﬂ5$U'§uﬂ1§ﬂ1\1ﬁﬂﬁ Lﬂuﬂizuaumiﬁhlll

d' 1 U d' Y o w 43! (Y] 1 d‘
wasuudasluvesauadonazanuudsysivvestodina NIIAIUANISVUBRYNUAURAYULLAS

ANU3139Uv0IMINTLNIMIFUAIDEN

' Y
Tagna 1 Tunid §uialdarsianruainisovesnszuiumsdeslsznis

aNyan1salunslszulananse (Cp) HAZABHANNAINITAVOINTZUIUNITHID (Cpk)

sasidaunnuamisalunszuiums Cp gnimua iy
USL — LSL

X%

USL A9 Aat wﬂ‘]J‘qu A (Upper specification limits)

Cp

=) o v 1

LSL fio Ias1ina19ga (Lower specification limits)

) 2 .
"fl?\‘l (0} Lﬂuﬁ’)ul‘ﬁfJ\‘IL‘iJHZJW]i;@”I‘LlﬂJ@Qﬂi%“]J’Juﬂ1§ﬂ3$%Tﬂﬂlﬂﬂsﬂl@yja msudannuueg

a1 Cp i lauansnai 2.4
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A19197 2.4 LEAAINITANIINVOIAT Cp

\ = \
A1 Cp MIANNNHINBVRIA Cp
<1.0 ANUAINITD MWD 1-20
1.0-15 ANNEINITD U1unae 3-40
=
>1.5 ANNEINITD ANV 5O
>2.0 ANUANNINILALYDALENAD 60

o I
AFTAAINITAVOINTZVIUMIHIO Cpk (TUNITHIANUAIWITAVBINTZUIUNT
Tunsainaudeauulildeglurisszuiauinanvesandeuuu cp ldnsaindinisnszae

v v Y
n@ ua Cpk T unsaimsnszaren lulng gasnldaail

|USL=x X = LSL
Cpk = Y 2.2)
30 30

A v 3 o A I Y ' vy
ANTNN 2.5 uﬁﬂﬂwmmmuammwmwamwmﬂ DPMO Lﬂuﬂ]ﬂﬂﬂ‘Wi@ﬂ@@ﬁWUﬂl@\i

Toma

Defects x 1 Million
Uniis x Opportunifies

DPMO =

A15199 2.5 UEAAIATeUNNIBIABaIU lona (DPMO)

O Level DPMO Percent Defective  Percentage Yield Cp Value
1 691,462 69% 31% 0.33
2 308,538 31% 69% 0.67
3 66,807 6.7% 93.3% 1.00
4 6,210 0.62% 99.38% 1.33
5 233 0.023% 99.977% 1.67
6 34 0.00034% 99.99966% 2.00
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Process Capability of Mhr/Kg

LSL USL
Process Data | Within
LSt 01 | == == QOverall
Target *
usL 0.8 | Potential (Within) Capability
Sample Mean ~ 0.282511 | Cp 0.52
Sample N 45 | CPL 0.27
StDev(Within)  0.222694 CPU 0.77
StDev(Overall) 0.233139 | Cpk_ 0.27
| Overall Capability
= | Pp  0.50
I PPL  0.26
| PPU 0.74
Ppk 0.26
| Cpm *
|
|
U T T T T T T T T T T
0.0 0.3 0.6 0.9 1.2
Observed Performance Exp. Within Performance Exp. Overall Performance

PPM < LSL 111111.11 PPM < LSL 206233.54 PPM < LSL  216859.53
PPM > USL  22222.22 PPM > USL  10069.10 PPM > USL  13221.00
PPM Total 133333.33 PPM Total  216302.65 PPM Total ~ 230080.53

NN 2.4 LEAAIAIDINANUATNITOUVBIVLIUNST (Process Capability)
I 2 a s A 1 a
2.3.3 Analysis Lﬂumumummﬂszmumﬁamiww L‘ﬁ@ﬁ]gﬁWQWﬂi‘gﬁuﬂﬂmﬂ@&’qiL!ﬁz
Aa Y A 9, A oA g & v ) o
Mﬂﬁ]ﬂiiil’f)%llﬁﬂ%‘lﬂﬂgﬁﬂan msmmiumumuuﬂszmuma FMEA LL’ﬁ%FNﬂN‘]JaWﬂQ
Y
s1wazoeans 111
2.3.3.1 FMEA (Failure Mode and Effect Analysis) 1% 114n13515eiiunnuaes

~ a Aa a I ] o 1 [ {
"1]@\1fﬂi‘ﬂi]zLﬂﬂslsl}@Nﬂ‘Wﬁ'Iﬂﬂﬂl‘l]u%’)ﬁﬁﬁmﬂl’)'m'lﬂﬂ%f]‘l?!}’f]EJ muﬁﬂﬂuminﬁ 2.6
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M13197 2.6 1319057 FMEA lunszurumsmiaausaguna 'l

Key . . . . S o D R
Process Step Process Potential Failure Potential Failure E Potential Causes C Current Controls E P
Mode Effected
Input \4 C T N
Steel Plates  Wrong type of steel  Impact to lead time 9  Suppliers error 1 Priorto purchase, supplier 1 9
plates must send the
specifications and also
before shipping must send
all shipping document.
Steel plates corrosion Impactto leadtimeand 8  Not order direct from 2 When plates arrived has 1 16
costs steel manufacturer but procedure of materials
order from stockiest receiving report
which is too long to keep
in shelf
Steel plates  Wrong cutting Impactto lead timeand 8 Human error from 2 Cutting follow the cutting 1 16
with correct  dimension costs reading cutting plan plan from cutting control
’ of dimension drawing team by ACAD
Pipe cutting, Wrong cutting Impact to cycle time 5 Human error from 2 Cutting follow the cutting 2 20
nozzles neck dimensionorwrong  and costs reading cutting plan plan from cutting control
and Flange  drill hole dimension drawing team by ACAD
Wrong fit up parts Impact to cycle time 5 Human error from 2 Cutting follow the cutting 2 20
and costs reading cutting plan plan from cutting control
drawing team by ACAD
Weld parts defect Impact to cycle time 5 Human error due to lack 3 RetestWPSevery3months 2 30
and costs of sleeping or too much
alcoholic during the night
Shell, head, Wrong assemblyof  Impact to cycle time 5 humanerror ofassembly 3 Have quality control in and 2 30
nozzles, axis shell and costs inspection process
internal parts
Wrong opening of Impact to cycle time 5 humanerror of assembly 3 Have quality control in and 2 30
- nozzles and costs inspection process
Assembly
Wrong assembly for  Impact to cycle time 5 humanerror ofassembly 3 Have quality control in and 2 30
gab tolerance as and costs inspection process
ASME allowable
Wrong assembly of  Impact to cycle time 5 humanerror of assembly 3 Have quality control in and 2 30
internal parts and costs inspection process
Un-weld Weld main seam, Impact to cycle time 5 Human error due to lack 3 Have quality control in and 2 30
Deaerator long seam, Nozzles ~ and costs of sleeping or too much inspection process
Products and inpternal parts alcoholic during the night
defected
After weld nozzles out Impact to cycle time 5 Process weld notcorrect 3 Have quality control in and 2 30
of tolerance and costs and assembly out or less inspection process
than torerance
Completed ~ PWHT chart not Impact to cycle time 5 Recorder or Electronic 3 Has calibration certificate 2 30
Deaerator according to ASME  and costs fail avery 6 months
Products code
PWHT/ Hydro
Hydro testis leaking  Impact to cycle time 9 Weld processandwrong 1 Follow ASME Authorize 1 9
and costs and assembly and drawing Inspector (Al)
reputation not clear
Completed  Internal Clean but still  Impact to cycle time 3 Used water spray jet to 3 Have qualitycontrolinand 1 9
Deaerator has rusty and costs clean but still has steel inspection process
Products slags
Blast/Paint . . i 4 X .
Blast profile not Impact to cycle time 3 Grid blast size may use 3 Have quality control in and 2 18
according to Paint and costs many time and size was inspection process
Manufacture smaller than spec.
Intermediate/Top Impact to cycle time 3 Human error and work 3 Have quality control in and 2 18
coating DFT not and costs position cannot cover inspection process
according to Paint like top & button
specification
Completed  Spare parts Impact to cycle time 3 Too many revised of 3 Prior Alto signoffdrawing, 2 18
Deaerator incompleted drawing engineerng have to confirm
Products revision

o Y . 4 {3
2.3.3.2 #an91/a1 (Cause and effect Fishbone) 1dtWodoanmsszyaungiiiull
laveulym Tasmwizedsouionnuaavesiiuiinu Iy liaunsomdeazlla awmin 2.5

o ' o 9 a o o o
llﬁﬂ\‘]ﬁ'Jf]fl']\‘]W\‘]ﬂ']\iﬂa’]ellfNﬂ'liwaﬂﬂ\illi\iﬂuiﬂﬂﬂﬂulﬂ
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Parts Prepare missing
and delay Raw Materials Delay

No shelf
for parts

PO Late issue

Fab. with

old rev. DWG. rong Mat:spec

Disaster from
country of origin

Raw mat. delay
parts also delay

Al Waste time for
Production

DWG unclear

human error in symbol Pootof Weld quality

Rush period

Human error §
RT failure

not according to DWG.
Miss match

fab. detail

Wrong Assembly NDE Failure

mnn 2.5 damatlarlumsnaadaussduna q Tl

Wrong procedure

g’/ [ A o A A 2’/ tdy 9
2.3.4 Improve VYuadUMIYTVUFUNDNAL ATl luTURUTISENRUAIENS
(%3 = 1 d”
SLAUANDA LAz DOE Adsgazideans il
I a =\ A A
2.3.4.152ANAND9 (FraNaued) WuNITIZANANUAAYDINNIIUNIZAIND
o &' a J A d' d‘ a d A a ] a0
M luGeveadnd $nu taziFeaganInou o Tugnd Fnu1 MszauANNAANNILIAININ
~ 1 9 o (] A A~ Y A A ]
ngaluseninvueoumsmvuatiyn lnsmnizedaguilolns 14asoalomu Tnuan 1y
Aura ey MINATIZHHANTZNL
] A A A o w A £ A 1 o X as 1
noulvzszananuaaading Nz la lifiewafatoiuguueddsng ua
v axa = 9 o @ o a 9 d' o 9
ABUMIETENANUNToNAIMITUNIUTZguazAiUMT A18UsToIMANMIIZ ANz In
gz luiintianuaanaulvaluaade
3 ax A g
2.3.4.2 Design of Experiment N1500n4UUMN5NAA0Y (DOE) 1Huasmsmiu
o o o J v [ $ ] a Pd
szuulunImMuuanNudNINF 21T NINANTEUIUADNITHAN HAZIDINYNVDI
= ] & 9 Y [ v U 9 I A o &
NIEUIUMs annialsmsaumaNuduiusIzINaurguazHanszny Yoyalludsd il
% [ a g’; d‘ A Aa A o [ dl
Tumssanisthismswaa luvuaeumomnilszansnwvouomyn auaaslunnm 2.6
Aasndealinauinunsesioneadauazuuifnnisnaaes 11 DOE

a I v I A o w ) v 9 (a ua A 9 a 49'
ﬁ11J1iﬂ’Jlﬂi1$ﬂulmuﬁ’d1EJIﬂil!ﬂ’iﬂJ3Julﬂuﬁ\1ﬁ’1 mmmumJg;]ummmzmﬂmmﬂﬂwugm

g U

DOE dmsums lsauimunz ay
A 9 a as A @ a A 9 ]
1nldnumnigaluisms DOE Aedatemsnaaiamisaaiuau lduag i
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Uncontrollable
input factors

J’IW‘I‘ﬁ 2.6 LAANTEUIUNITUDI DOE
A 9 o Ay ¥ ¥ ] ¥
2.3.5 Control NITUIUNMITAIVAY LWﬂﬂl@ﬁEﬂﬂJﬂ\iNﬁﬁW‘ﬁﬂVlﬂ LLﬁ&’ﬁiNilW]i;ﬁTHlW@Glﬁ
o < aa A A g dy 9
ﬂi%ﬂ’)uﬂﬁﬂlﬂﬂﬂﬂi&ﬁ‘UNaﬁ'lL’ifDIﬂEJll NINITY u,azmﬁmuaslumuﬂauuﬁl%iwu ISO, uag
o % % =S 1 dal
ig‘lJ‘lJﬂ"lii"lfN"lu‘]Ji&’ﬁ]TJu ﬂ\ii”lﬂﬁ%!,@ﬂﬂ@]@]lﬂu

Y
1.1S09001 151N certificate Hogd?

v Y

2. Reporting System U3IHNUNIAIFIUUDIT10UY52T1IUNADIAINATUIN

a o

H
aa ' 1 Ad g ' a .
oz 15 Tnvnssula aiuvanemun s dniludiuniiaues Data Collection.

2.4 MINUNIUITIUNITN
o a o a J A
Ramamoorthy (2003) 11115398075 UIUNIT LEAN 4na N1 APPLICATIONS IN
== Y [ =+ J 9 A Y
AIRCRAFT ASSEMBLY nsaieinyldys Il ludrnvesmanaadudiuvesilszgiunuiveld
4 =) 1 a 4 1 Qy 1 1
Tumsisgneunseady Learjet g1 40/45 Tumsamsizniymimsdaveusudiulszgaiuuu
19 a dg! ] o Y A a 3’, Y 19 k) = A Y
a9 uazinevulios q Mldmsdszneuniesiudugameniiaiulide aziinuizdos
1 A o = @
FOUNION 113 BN 8-10 %3 1u9-A1 (Man-hours.)
a o 1 a d a a oA
WaN13ITENVIINTLUIUMT FNT FAUT 81115 0aaa1veINlP1ienu uazaa
g’; o Y o ~ 9)3’; g’/ Y 9
Tuapumsiaula vasnnh ldiuneu DMAIC mslsenoulutdunsugameldnaianasnn
26 JuWan 10 U
9 o =2 o 9 A . a Jda
Ahmad (2011) 1avinsdanulusindeises Using A& 4NN Tools to Measure and
[ [ I~ [
Improve the Performance of a Manufacturing Supply Chain Tui291agimuilunseuisves
~ ° Y A 9 o a o J A a o J o
nszUIuMINaInHatea s Idiyaa i ldnunaasunnsousms Tagilszaednan
1 1 ] I~ A 1 @ 1 ' 3
Youas oo IggUniudumsuyant  (Value Add)nudiialddindeTaoda
9 A U o T A o [ YA Y =
Wmineaelznisie puamuazmsdaweuauivmua yasunudmsudidaiuladiude

g < v A 1 1 @ 1 1
nanuailuraniuvesmsaaueugua1 1#nUgnA1 (Johansson, 1993) HAAINITTINOLYAA

YOIFIND TUIVDITUNTIY
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Auanyuz Iags I
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Nyren (2007) 1817133901504 “Product Development According to Six Sigma and
Ao A dy 1 1 = a J A Y o A 1
DMAIC Improvement Cycle” ms’mmsmmﬂumu‘ﬁuwmﬁsuumﬂﬁ "”Ifﬂﬂﬂelﬁﬂﬂ!ﬂi’t’)slﬂﬂsllﬂﬁ
Ericson Network Technologies Uszmaaiay Lﬁaﬁ’wummmmmﬂﬁ'muﬂunmmﬂ PE
I { wAa H [ [
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axl o A A v
IH5AUHUNTITIVY

v =

Y X v
msaniiumsdteilidhmueieaanaivesnssuauiinau, Muua W Lazaa

o { a [ [ 4 a A Jd a
AunuIINMITundesganINUsINIsNARD ILTIALILVAISIARS Tasldmatindnd Gnun

Y Y [
ANIUABUVOI DMAIC 5 duaou tioandunuuazadvanunelenudiaulddiuie

9 Y
(Stakeholder) 1114398 lagnuisiunouALLl

[

9
3.1 BUADUMIAUUUNITINY

A A A Y a o
3.2 1950930 1% 11157398
< 9
3.3 MaNuLazsIUTINIoYa
3.4 MianTivoya

3.5 dsnvanumsaitagiiy

3.1 VHADUMTAUUUNTIVY

9 v
3.1.1 TUADUNITUINAB Define-Mriuavouuavoddynl 1MniukINTATINd0
] Y ]

JymAnadu (Validate the Problem) 11ifgyuindiegnons 15 sznitedunisie dhedsnssy
T Q3 1 a 1 a
Wit ularen1anerenandl Waste Time (CoPQ, Relocate & Non-Value Added) tnalu

g’/ aan v g‘; a 9 .

vunoulanszuiumsla lasldsnisasivaeuluneazvunounisnanlasly High Level
A ¥ Yan a ¥y A A A v a

Process Map %30 SIPOC 521919013 1935113 1789u89gna1 w3e VOC 1iehag lansuilgnin

i]$l,l,fgllul"ll
g’/ ~ = g’/ [ ~ Y = < 9 [
3.1.2 YUADUNTDIND Measure — "Uuﬁ’ﬂuﬂﬁ’)ﬂwﬁ‘ﬂllﬂiﬂ8%$3Jﬂ1ilﬂﬂﬂlflisljﬁﬂf]uﬂ1‘i
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M wsenFuaIvay Usznevaun ey naznadou g lunavuami lus 35msiey 14
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Tdsunsuneadauelunmsdszutana 1TunsuaaInanIe Pareto chart LAY Capability

Analysis

A

g ~ o3 & a 7’y A g Y
3.1.3 YUNDUNTIUAND Analy51sLﬂumumummm‘mmmmmauﬂamﬂum”lmmuwg

]
=

YoIN13INA Waste Time tnafiga luudaildes TuamssaudadndlilTaeld Cause & Effect
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A A

g}/ I g}z § o 1 ] 1
3.1.4 TuApUNAAD Improve (HutuaounazanslSulsa9aunnsoen3 0199119009
I g A 1 o A Y ax o Y v A ] A a
NITUIUNIT LﬂuﬂluﬁﬂuﬂﬂﬂTﬁaQ%Wﬂ“l/lL!.ﬂu]ﬁll’)‘ﬁﬂTﬁ“I/I'N'lull,a’JﬂﬂiJ%qﬂ‘]JﬂWifNﬂi’f)WﬂWﬁWﬂ
Y v
mavudn3e 13 Taald Cause and effect diagram nmmg Update 1an iagImplementation Plan
g A Y A & a o Ay 9 (o
3.1.5 YUABUNTIIAD Control Lﬂuﬂﬁﬂ’)ﬂﬂwﬂ'iZ‘iJ’JuﬂTiNaﬁWa\‘]ﬂWﬂﬂllﬂ‘IJi‘U‘]J‘;Q
M5l q udn Taead1a uHUNISAIUAL (Process Control Plan), 5¥11 ISO, Control Chart 1@z

Project Management Tools

3.2 159 Ml umsiinee

A A o v

A Y an A o au & Y
lﬂ3@\1“@7]1411”1%’9]']1]3‘5ﬂ']5%@\1 DMAIC La@ﬂﬂ’]clsmﬂW']g\ﬂu’J YUAMUININTITUVUNAN

a A A aaA Y = y 2
MA319N0 3.1 Llﬁﬂ\uﬂiﬂﬂﬂﬂmlaﬂﬂﬂl%GLUﬂ']ﬁﬁﬂHTﬂﬁﬂu

; d' = Aa da d' =) ‘:
VUADU IN30910UD FNA N Ntaen]Tlulasansil

A1UA - Defined ﬁiihl‘gﬂﬂﬂﬂmi (Project Charter)
i@e9vp3gnAT (Voice of Customer, VOC)
SIPOC (Suppliers, Input, Process, Output and Customer)
ATTUIUMSIA - —  UNUAINITINOIY LAZUNUINTINGIY (Process Map & Flow Chart)
Measure 7180UMIUIANUY52T13U (Daily report)
52U390oYa (Data Collection)
(FAFN (Check Sheets)
MINATIEH ~ ueuiamadan (Cause and Effect Diagram)
Analyze Histogram or Pareto Chart
YSU139 - Improve  szAuANDY
urUFan1atlan (Cause and Effect Diagram)
N13AIUAYN - Control ~ Control Plan
Cost Estimate, cost saving Calculation

Reporting system
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3.3 MIANUIIVTINVDYA

9 = 1

o TR < ~ o ' o Aa Y
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~

[t 1 a 3’, I 9 =] A [ Aa o
Tagazutatlunguuednanssy nanualudeyangniiunnlussuunseiisveuum.
v =K =) o 1 [ . A 1
3.3.1 Tunnswazdeavean15iauluuaag I (Daily report) TUIEUUIATOUIIVD
UFHN laeuaazuNunNS UNAYeL.
Yo A A 9 A A Y o o o A s 1 2
3.3.2 TUAAYOUAAMINAIRNIZUDYANINGIVOINVDITIAULVUAIDITIABS 1111
Yo Aa ) a Y a 1 o 1 @ I
333 A5udavoud15av uazdaaauninaueseinmsinaulusaaz o duldaw
o w A ]
s1eulszaiuvise i
3.3.4 InsNsuAAroUAAMYDYA NCR (Non-Conform report) WU QA/QC
e ¥ A
3.3.5 YoyaMAUUUENIN AU N.A. 2558-N.0. 2558
ax a 5%
34 ’Jﬁﬂ‘l‘i')!ﬂi]gﬁmﬂﬂﬁlﬁ
o 9 0o < A a )
3.4.1 hvoyaunseswianaluTdsunsudi5agyl onmasiuuazins1z¥ied Tuans
Y
MUVDINTLUIUNMTHAN IULADZTUAD Y.
A 9 < o 1 Y o " O ~
3.4.2 118 1aWa w099 TuamM s luueaz 5L uIUMs 1a1mMsuena1s Ty
I o a [ A 3 A o a o
Wunsiaulna Value Added (T) ALY Non-Value Added (W) 1W0¥AI5UATIZH.
3.4.3 1¥1A1 MAsUed M5NIIUUNA Value Added 148% Non-Value Added Time 1
T Y T 1
UIUSINT NN 1AITWANR A8 TN UAB D
o 1A g [~ 1 1 4 @
3.4.4 imsmaidlu Non-Value Added (W) 1iiluganum lsvninanumssifagiiu
o a 4 1 o [ a ~
3.4.5 M3 AATITHIINME 1T Pareto chat 119zvimsUsuilsalunszuiumsnaalad

9 w

UraluNsaaaIM I eg1elled Ay

34



o J o
35 ﬁ“li')‘i]ﬁﬂ'lﬂﬂ“liﬂ!ﬂ%%qﬂﬂ

v (B
&

By
v vunm
__1.1-.@

RS w
ween 127 1111 Aﬁthf I Uepddt
XA FITIX : i |

0

(B) e
&
(B) v
&

i!
i
LT
i
£
?
!
i

ELEVATION
o 1)

H
&
i
2
i

4]
;
i
" 5
3
3
5
13
E

1. HOLD PLATYORS AND LAOER.

?‘E'
3
23
U

§.
s
:
§
§
.
H
s
i
L]

iiig
i
2
Ba
;
£
;
4]
Bt
i
[

e : 3
SRR

lili:!l!' SAMSUNG ENGINEERING CO. , LTD.
e SEOUL , KOREA 15|
T came

STORK"
Stork Thermea BV.

@ UNIMIT ENGINEERING PUBLIC COMPANY LIMITED
wa
E

‘oot
SPRAY-TIPE DEAFRATOR
ATUNGRMENT DRAVING (1/2) I

e
T -§

880 T v M e [ 0
i % 3 . T . N L A
&M?_" 5. o m;& GA-T228-FABIVO0L -1 | ROV 2

g

_ ' | |
LA Vi 8 - !
cims .
(s < | i
& TH—t :
! e I
B mn) b8 | o 7 &)
| : |
e ; | ¥ R = A H
4 | 7 Ay :
‘ LR i . - N &g
R ) i e | :
1 L. ='® & _ |
® |/ g i -
N g™ N
" FICHTNER
: ""SIEMENS 1) DAEWOOESC
a e — -
- D DAEWOOESC
eoes STORAK
| | 200 AL Burk Thermaq BY. W
@ wV‘lMl' ENGINEERING PUBLIC COMPANY LIMITED
Fl BILL OF MATERIAL (PER 1-UNIT)

] o e [on [ o
T [Hoo LIS (rin #1275 ST Gro_ 2 Seh
2 [ser [T 016 o |1 set |

T ) T 7

d‘ o [ o = 4
HMNN 3.1 LL']JUV]'J%JGU'E'Nﬂ\‘]LU\‘]ﬂuLLUU ALBLIADT

T T T

35



9 3 < o o = P A o
nngUamduumdunimin ldvesdssduuu fosaes Fuiusiaalsd
§ o g’/ [ g’/ a3 {
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NN 3.2 WUNTTUIUMITHNANDULTIAULLD ALBITINDT
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3.5.2 1INToaMNUNIAWLAT 2553 D9 2555 MINNWHNA 6 11974 (Job Order) 311U
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M9 3.2 UEAAIANNHINLAZAITINAAIINVOI Process VA & NVA

CPROCESS Description VA/NVA

[ 1 < 4 4 o @
01-LAYOUT & CUTS MIIAMLHI AN BN IIMTAAMIULDLY VA
Y )
cutting plan Inadauunl¥audauazinTeedng

CNC#f

[
%

A ) ] <= - - 9
ﬂﬂﬂ'ﬁu']Lf]']llNu1ﬁaﬂﬂﬁﬂﬁ1ulluuu1u’)u1

02-FORMING & ROLLING wla VA
i @il 11U Forming Tag
msnad i Iagnsaudnily Spinning (Tuld

Y o AA
18 saindsans)

- : ‘
03-PARTS PREPARE MIe3 ourUUNud vl T no UV ITINg VA

Meusniaze

o 2 A A .91 o : d
04-ASSEMBLY ﬂ']iﬂ'l!@']‘]f“\ﬂu'i/lLﬁiﬂullﬁll']ﬂﬁgﬂﬂﬂﬂuﬂlﬁlﬂu VA

v o

#104(Shell) tazarulsznoumelun ldainms

=S
138U Parts

37



M5197 3.2 LEAIANNHNIBLAZAITINANIINUDY Process VA & NVA (A0)

CPROCESS Description VA/NVA

I g’; 4 [ 1

05-WELD Wuruaounureuaednulizneu lunaas VA
' ¥ A A A a D)
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A A
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06-PWHT & HYDRO TEST  PWHT Wumsthiendansgnsh lleulumeui VA
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I 4 j’ a
AuTanziedanuiwileoun astuvismnaiy
g2, ) Wl CRN 2
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9
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Y { ) o a o [ 4 ] a
M319h 33 ﬁ;ﬂnmﬁl%’ﬁmiuﬂizmumiwaﬁmmmmmuamﬁmai UUNUNINTTY

alnA VA (T) naznanssui lineliinaie’ld NvA (w)

Summary Process Time for Deaerator Fabrication, Splitin two Category; Normal Activities (T) & Wasting Time (W)

Layout & Forming & Parts PWHT & Blast& .
Ralig o el 0 o TOTAL HOURS
2 T3 W3 T4 W4 T5 W5 T6 W6 T7 w7 T8 W8

'IAE NJS:ER QTY AMTC:‘%NT TT Wil T2 W T yw
1096937 6 15014020 299 459 376 - 2694 176 4366 1254 5356 1612 124 8 1473 76 378 24 15066 3,609
2107222 2 6966916 621 291 732 68 1366 296 6,188 726 4396 1392 148 14 770 44 805 8 15026 2,839
3117448 1 2570000 381 - 108 16 1080 318 1035 568 756 185 24 12 82 8 248 20 3714 1,127
4117505 3 10908900 267 16 748 40 2,622 723 3594 911 2039 422 104 73 472 61 609 44 10455 2,290
5 117540 2 2908056 350 248 468 124 648 128 2288 104 1,191 197 68 - 448 4 240 12 5701 817
6 12-7656 2 6440957 548 126 502 8 2260 470 2260 673 1987 248 0 - 295 36 216 - 8108 1,561

SUMMARY 16 44808849 2466 1,140 2934 256 10,670 2111 19,731 4236 15725 4,056 508 107 3,540 229 2496 108 58,070 12,243

T1 Wi T2 w2z T3 w3 T4 Wi TS5 W5 Té6 We T7 W7 T8 W8 T w
MEAN
154 71 183 17 667 132 12383 265 983 254 32 7 221 14 156 7 3629 767
T+W  43%
W - 4396 Hours

Average Amount of DEA 2,800,553 THB
Consider Waste Time as Non Value Added (NVA)
NVA = 767 Hours
% NVA = 17.45%

{ o g’/ a [ [ 14
91AA1519% 3.3 HEAINAITINUNINUAVDINTLUIUNITHNANDILTIAULVUALDLTINDS
HAZHIAT MAY (Mean) TUUAALNTLUIUNITEDY HATTINITIINAT RAEYI TNINITTHIOU Tagl

2 o &
T1YASLIBYAAIU

v Y
S A 4

9
1) 911U 109U Job Order) NinuA 6 10U LAZTIUIUDINHAANIHVA 16 (1)04 A8
9
UNITUIUMTHAATINANNA 8 NTZUIUMS A8 Layout & Cut, Forming & Rolling, Parts Prepare,

Assembly, Weld, PWHT & Hydro Test, Blast & Paint 1i6i¢ Packing

. D4 T1+T2+--T8
2) MUIBAURAY T NNYAT P T——— 0]
n
0 ' { W14+W2+---W8
3) MUIUAURAY W NGNS YW————— ©)
n
. A R — T1+T2+-T8
4) MuuANRay TNgas T=——————— ©)
n
. VoA — — W1+W2+---W8
5) MuuAuRay Wangas W @
n
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9
v @

ANUHU

' Y
P lnohaunmun DT+ 20 W -58,070+12,243  =70,313 Hrs.
ANNAY (Mean) T W =3,629+767 = 4,396 Hrs.
9 v Y
YAANIUNT 6 319A1TTINNITY = 44,808,851 STRE]
311U 11aAA1A Non-Value Added Tuiitifoan ), W =12,243 Hrs.
A A I 1
vaenauyan = 10,428,638 STRE]
d‘ 1 Y A a
319N 3.4 a3l lgennannnIzuIuNNT NVA 1agauHNIeved W
Total —5 Average
Waste Process NVA Process W
NVA Cost w NVA Cost
09-CONTROL/REVIEW 401 404,670 25 25,292
W1 - LAYOUT & CUTS 13-REPORTING 739, 534,837 46, 33,427
W1 Total 1,140 939507 71 58,719
09-CONTROL/REVIEW 8 12,178 1 761
W2 - FORMING & ROLLING 10 reywORK/REPAIR 248 | 124342 16, 7,771
w2 Total 256 136,520 17 8532
09-CONTROL/REVIEW 2,063 1,970,691 129 123,168
W3 - PART PREPARE 10-REWORK/REPAIR 48, 20,555 3, 1,285
W3 Total 2,111 " 1,991,246 132 124,453
09-CONTROL/REVIEW 2,938 3,047,639 184 190,477
W4 - ASSEMBLY 10-REWORK/REPAIR 1,256 760,220 79 47,514
11-TRANSPORT/MOVE PARTS 42, 19,371 3, 1,211
W4 Total 4,236 © 3,827.230 266 239,202
09-CONTROL/REVIEW 2,199 1,913,655 137 119,603
10-REWORK/REPAIR 230 154,802 14 9,675
W5 - WELD 12-INSPECTION 648 469,047 41 29,315
13-REPORTING 979, 746,188 61, 46,637
W5 Total 4,056 © 3,283,692 253 205,230
) 11-TRANSPORT/MOVE PARTS 107 41,684 7 2,605
W6 - HYDRO TEST W6 Total 107 © 41,684 7" 2,605
W9-CONTROL/REVIEW 24 8 169 3 9 511
W7 - BLAST & PAINT 10-REWORK/REPAIR 180 , 77,421 11, 4,839
W7 Total 229 117500 14 7,350
09-CONTROL/REVIEW 84 76,961 5 4,810
08 - PACKING 10-REWORK/REPAIR 24 14,208 2 888
w8 Total 108 91,169 7 5,698
Grand Total 12,243 10,428,638 767 651,789
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3.5.4 nindeyalumasii 33 1e 18 Tianzdamasaunalszneudie va &
NVA (T + W) veanszuaumsnaananua 8 Yuaou Usznoudau Layout & Cuts, Forming &
Rolling, Parts Prepare, Assembly, Weld, PWHT & Hydro test, Blast & Paint and packing RLREE
o314 Pareto Chart daueraalunindi 3.5 iileminszuaumslanisiundnyuiteannanhiom

a Jd A
rlosadlasldnszuiums End Fnun

Cycle Time of Process

1600 120.00%
1400
100.00%

1200

80.00%
1000

n
14
oD 800 60.00%
L
600
40.00%
400
20.00%
200
0
03-PART O7-BLAST & 01-LAYOUT & 02-FORMING &
04-ASSEMBLY 05-WELD PREPARE PAINT cuTS ROLLING 08-PACKING 06-HYDRO TEST
mmmm Process Cydle Time 1498 1237 799 235 225 199 163 39
= Cum. Process Cycle Time 34.08% 62.23% 80.41% 85.76% 90.88% 95.40% 99.11% 100.00%

MNA 3.3 UAAINA Pareto Chart ¥0IMUNATWIUATLUIUMIHAR
10NN 3.3 11114151990 3.3 vmaadNaly Pareto Chart 1A85I0AURNASVDY
a @ % 4 1 H
munalunszuIumsnansasIduLIuAeIImes nuiidesnszuaumsildnannnga

AR Ao Assembly 138 1mae 1,498 ¥ 1149 wag Weld 19aunas 1,237 52104
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355 nndeyalumisedi 34 Fal@hinsdimnsiauaieveuds (W) ves
ﬂszmumswam‘?ﬂwm 8 ﬂ%umu Uszneuaie Layout & Cuts, Forming & Rolling, Parts Prepare,
Assembly, Weld, PWHT & Hydro test, Blast & Paint and packing H1u14 %14 Pareto Chart faLlaAd
Gll‘lﬂ"IWﬁ 34 Lﬁﬂ%tﬂi”l%ﬁ”hﬂi%‘ﬂ’)uﬂ151ﬂﬁﬂ’35%Zli']il']ﬁﬂlel%ﬁ@am’m']‘llﬂﬁ Non-Value Added

a J A
Time (W) liioeaslasldnszuiumssnd $nun

Non Value Added Time

300 12000%

100.00%

60 .00%

HOURS

40.00%

I .

CuSSEMBLY  UoWHLD | DSPNNTPREPARE. 7 BUST & PNT Gligvourears CZIOMMGE oipoang  osmoRoTEST

265 254 a2 7L 8 14 7
14607 67.75 84.90% 91 26% 96.34% 9917% 19 09 100,009

/W 3.4 1TAINA Parcto Chart YOINSLUIUMIHAATINA Non-Value Added (NVA)

VINNMNT 3.4 LAAINTLUIUMINAASITIALIUY Prowme wufideanssuaums
141901 NvA mAsdeduNnganuEIAY fe Assembly 19190 unds 266 2 uaas Weld 19
nauads 253 91T

agdamuzifagiiu

nnmsdisean i iunuhaunasvessaunauazmldselumsnianed
Usznoudae VA 1oz NVA dauaaesazitealumsed 3.5 Sesundonazildieiingasald

] o = A 1 FIAl 9 Aa A d A
wnmmsanyuneaanaaza l¥ve laglsmatingnd snun
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M990 3.5 Aundenaazaldnelumsndaaena

ANAYADN Hours Amount
Value Added Time 3,629 12,148,764
Non-Value Added Time 767 B651,790

a { o w Y S 1w o %
5282IIMIHAAM A UM IMAWIAUIDUARITINBTINNY 3,629 ¥ Tueaonq
1871181909 Non-Value Added Time (W) 59408A20 767 3 1190100
9 = A A A 9y 1 d
dhrngveamsanyune aanawazals9magyes NVA Tideeni 767 ¥11ug

a0 TagyuriulUNmsannanaeveanszuIums NVA a04nssuiumsne Assembly tag

q

v
IS

Weld 10A1 NVA 10@g0g 519 %7 1130009
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Project Title:

milfulyanamahaulaelfimaiingnddnn lugamnnisy

mMsnaatansadu Tagnwizriinamismes

1. Process:

Pressure Vessels Fabrication (Deaerator Type)

2. Project Description:

what is the “Practical

#04M158AT1149UF2 119U09 Non Value Added Time (NVA) U84 Assembly 1182 Weld Process.

0 v
doamyana Taasrumariualiiiosas (Lead Time).

T A " wq¥o
an lanamasnond1vdag

Repair/Rework (Assembly & Weld)

Problem” (Problem and

Goal Statement)

3. Objective: Metrics that support Project Goals Baseline (Hrs.) Goal (Hrs.) % Goal
Lead Time 4,090 3,681 10%
NVA Cycle time Control/Review, 519 441 15%

4. Business Impact

- wansznuaogni luGosnalumsdawen, aumw, 51 swiedoeseniim d1h

Tiildasiiseay Tudyan

o q Y 1 o & = A o - ¢
& @1%11']1W13@ﬂ1ﬂ15ﬁ\3“]5'€)aﬂﬁ\iﬂi&“1ﬂm\3 10% ’Uﬂ\?i&ﬁﬂﬂl\iﬂ“ll'ﬂ\mﬂ!L‘U‘Uﬂ!ﬂli!ﬂﬂi

5. Project Scope

- AnpReINIMI Rt TR DT Nansanuuseaunelu]d 12 113 wagnu

qung il 1A 215 ovsnwaion

- ANEINTZUIUMIHAAT N layout & Cut, Rolling & Forming, Parts Prepare, Assembly, Weld,

Hydro test, blast & Paint U Packing

6. Expected Business Average Current Hours Current Amount | Goal Hours Goal Amount
Results: NVA (Assembly. | 519 B 441,000 441 B 374,757
(B, Hours, Time) & Weld)
Cost Saving Average per Vessel (THB) B 66,425
7. Project Time Line RARTIIV/ OO N5 RN NG SN ST 151200515 01T e
0 Six Sigma DMAIC Cycle_150820 75d  6-7-15 16-10-15 ad
1 dwuaduenu 12d  6-7-15  21-7-15 -—
7 dueoumsia 10d 22-7-15 4-8-15 P
13 dusouniriiased 7d 5815 13-8-15 —
17 dueounmliulse 10d 14-8-15 27-8-15 ——
3 dusnunmamuan 36d 28-8-15 16-10-15 P —
2 whaanusaivasnszuunis DMAIC od 16-10-15  16-10-15 + 16-10

MW 4.1 1AAITIBNITVDI Project Charter (535141 1ATIN17)
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4.1.2 99N High Level Process Map lﬁﬁllﬁﬂ\jiﬁllﬂUﬂ'nilﬁ’]ﬂfgllaga’]ﬂ‘]_léllu"'ll@\j

@ a

ATTUIUAT AIENI59 SIPOC 1M1 Input  (X’s) AoIAgALYIoNITTUIUMINNNAnAD

Q

A

A YA o a A Y
Y={(X)? 1482 key output (Y’s) Vlulﬂﬂﬁ)ﬁﬁilﬂﬂﬂiﬁﬂigﬂﬁuﬂ1iﬁlﬂ e ManlsvesnszuIums

1 = [ d'
Tnudawatalym awaaslunini 4.3

Warehouse Raw Materials Parts Production
Productions  Parts : : Shell & Head Production/
Production Parts Nozzles, Flange, Production/
Parts Prepare .
- Internal parts Welding
ProdL.lction/ Equipment parts Un-Complete Weld
Welding Deaerator Products
Productions  Un-weld Deaerator Deaerator Products Product
Products Services
Prod.uct Deaerator Products Good Quality of Prod‘uct
Services Products Services
Production Deaerator Products Deaerator Products Product
Services Completed Services
Product Deaerator Products Packing Ready to Final Client
i Packing F
Services Completed Dispatch

NN 4.2 High Level process Map (SIPOC)
. v v a Sy g 9 .
1) Supplier AUNNVDIINYAULALNTEVIUMINADIT U TN Process input (X’s)
Y 1
2) Process input  (X’s) AONITTUIUNITUALFUAIUNITHAANIZARIdIA0 19N
Fabrication process
I~ a %’, a v [
3) Fabrication process Lﬂuﬂszmumﬁwa@ 8 VUADUUDINTITNANDILTIA UL al'ﬂlj
14
w03 Uszneudie Layout/Cut, Forming/Rolling, Part Prepare, Assembly, Weld, PWHT/Hydro test,
Blast & Paint and Packing.
AN Yo g . . g & A 1
4) Output Process (Y’s) 145U INIUABY Fabrication Process L‘]Ju%mmmgclu
a Aoy g @ L = & )
ﬂi$‘]JTL!fﬂiWﬁﬁ‘VIfN”lﬂJLﬁiﬁ]ﬁiﬂa‘l3mllﬁ$°]ﬁ4l\‘lTUﬂﬁﬂiﬁlﬁmiuﬂﬁgU?uﬂ1§q@VHﬂ
I Aov a 1 A U ~ 1 =
5) Customers (JUUNUNNTUAATOUABIIN output tWOFIAD 117 process Ao lauda

{ g {y &
andaugatheniudndeio
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ANTTUIUNTVDS SIPOC aauaadlunini 4.2 34'14%1 Top-Down process Lilofae

° v = ' ' a ' Y A '
Vnclﬂcl/]ﬁ']‘lli']ﬂﬁglﬂﬂﬂﬂl@\iﬁﬂgﬁ'l'l'ﬂuu@ﬁgﬂi%‘l]')‘l‘!ﬂ'lillﬂig‘ll'JUﬂ']'iﬂﬂflGlﬂ‘U'NV]ﬁ'lll'ﬁﬂﬂ@

dymaonizurumanaaaatdadlunInm 4.3

Forming & PWHT & Hydro = =
Layout & Cut Rolling Assembly m Blast & Paint Packing

WPS/PQR prepare
Cutting Shop drawing Shop Shop drawing Weld joint Prepare Hydro Paint Packinglist
Pl for Radius and drawing for mapping Chart/ procedure preparation
an QOD. parts " . Temperature preparation
Issue weld ‘
Transport Head, Coupon
shell and parts to
shop floor Transport from
Transport " Blast/Paint shop
Withdraw cutting plate Ttr: = pm:t Withdraw welding Transport DE e to packing area
Plates from to forming cutting parts P fembhon from Furnace
R shop and to part Setup:hﬁllfnr coupon Floor to Hydro to Paint Shop ’
shel ot - e
Roller shop prepare area circumference ’ test area
connection
Weld
circumference Pack spare parts
and NDE
Setup head to
Transport Press, b .’ Hydro Test by Internal
to CNC/ Spinning Parts water with cleaning and
Cutting Rolling as per assembly Weld head & NDE high pressure blast external
area shop drawing .’ pump
Opening shell for '
i Weld Nozeles &
NDE
Cutting as Weld long Parts
per cutting Seam by SAW inspect and |
Internal pal f
plan process weld 5 Weldinietnal &

NN 4.3 1AAI Top-Down VBINTLUIUMIHAADILT ULV VRO MBS
~ v g ' ' v ad ' A
M 4.3 uaaldfiunssuaumseesaen SIPOC MiTuaoulugie lvuiiiaiu
I 1 a /| n v 1l .
119183192179 Long Lead Time tiag NVA 484032 umsnaninadgelunini 4.3 uaaan
NTLUIUMS Assembly 1A weld BUIUNINTTUNINAGA
VAN 43 HwIMIIaeRInszuIumseeslaillu value Added taz

nszuUMs ladlu Non-Value Added aduaadlua1inei 4.1



A1519N 4.1 1EA9 Activities 151U VA & NVA

Activity Customer Non-Value
Value Added Added
01-Lay out & Cut
- Cutting plan X

Withdraw Plates from warehouse
Transport to CNC/ Cutting area

Cutting as per cutting plan X

02-Forming & Rolling

Shop drawing for Radius and OD.

Transport cutting plate to forming shop and Roller
shop

Press, Spinning Rolling as per shop drawing

Weld long Seam by SAW process

03-Parts Prepare

Shop drawing for parts
Transport cutting parts to part prepare area
Parts assembly

Parts inspect and weld

04-Assembly

Shop drawing

Transport Head, shell and parts to shop floor
Fit-up shell for shell circumference connection
Fit-up head to shell

Opening shell for nozzles fit-up

<ok X X

Internal parts assembly
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= .. Ad .
15190 4.1 LLAAY Activities 113U VA & NVA (719)

Activity Customer Non-Value

Value Added Added

05-Weld
- WPS/PQR prepare
- Weld joint mapping

- Issue weld Coupon

XX X X

- Withdraw welding rod as per weld coupon
- Weld circumference and NDE
- Weld head & NDE

- Weld Nozzles & NDE

T B

- Weld internal & NDE

06-PWHT & Hydro Test

- Prepare Hydro Chart/ Temperature

- Transport DE from Shop Floor to Hydro test area
- Hydro Test by water with high pressure pump X

- Transport DE to Furnace for PWHT X
07-Blast & Paint

- Paint procedure preparation

- Transport from Furnace to Paint Shop

Internal cleaning and blast external shell

- Primer, Intermediate, Top coat with DFT Check
08-Packing

- Packing list preparation

- Transport from Blast shop to packing area

- Pack spare parts

- Pack DE and others

- Dispatch DE to Final Destination
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v
4.2 TUABUMITIANTZUIUMS (Measure Phase)
A v & Y = £ Ao o o
Woldduaouvealymiuiudl 195z yIuaouNduHUFNUAIINAINITOVDI
Y] g}; dy o Y o 1 dy
nszuaumstagiu lutuseutivzaoudinin 4 Yoasae il
A A 9 o v Jo
D nszwaums muinedeaasduwusnu
2) 021579 input (X’s) Tumenved Y=AX)
o A v g
3) maswiums ludaguiudunuyTuu

4 <3 [ v 7 Aa oA rd
Lﬁﬂllﬁﬂ\‘liﬁllﬂua\‘]ﬂ'ﬂuﬁiJWl!ﬁ"’U’ENﬂﬁZ‘U'Juﬂﬁ'ﬂl@ﬂﬂTiﬂaUﬂﬂTuﬁ]TﬂﬁﬂTuﬂTﬁm

Jaqgiiu 391duaaslugiues Value Steam Mapping Asuaaslunini 4.4

Market F t
Order Through Procurement arket Forecas|

Production

Raw Materials

Control

SN

Reduce Lead
Time

Tnld}:rﬁx(ifne 396 Hrs.
Non-Value added time = 767 Hrs.

Final Client

Y

PWHT/ Hyd N —
Layout/Cut -_. ELTY Y  PartsPrepare [FEFTS Assembly ---'w == To (b === N » Pzcking -t _'5
NS/ N \\\ 2 . Reduce NVA
C/T=154 Hrs. C/T=183 Hrs. /T =667 Hrs. | C/T= 1,233 Hrs. C/T=983Hrs. | | CfT=32Hrs. CT=224Hs. | Time C/T = 356 Hrs
NVA = 71 Hrs. NVA = 17 Hrs. NVA =132 Hrs. | NVA= 265 Hrs. NVA = 254 Hrs. | NVA=7 Hrs. ‘ NVA=14H WAL
} |
= ‘ L
71Hs 183 Hrs 16 Hms. e, 132 Hrs, 1233 His,  |265Hrs. [ 983 Hrs 254 Hrs [ T3ZHETT | THrs 221 Hrs. 4 Hrs. 156 Hrs. 7 Hrs.

NN 4.4 11TAS Value Steam Mapping VOINTLUIUNMTHAA
v Y 1 v
VUABULILIINITTLANTUDUNOH X0s input NAINAAD Y 1AgNITHUIINAG
o a o @ v 9 ! ! 4 =
antunulugaiumsalagiy saasraururinaainlusaaznszuiumsiuiy Nva a

a 3 9 v A
Lﬂﬂﬂ]uﬂ’lﬂﬂﬁllﬁﬂ\ﬂl‘lﬂWWﬂ 4.5

07-Blast & Paint 06-PWHT & Hydro

test

03-Parts Prepare 01-Lay out & Cut

11-TRANSPORT
[MOVE PARTS

10-REWORK
10-REWORK ‘ REPAIR

JREPAIR 13-REPORTING

Long NVA Cycle
Time of DE
Fabrication
Process

10-REWORK
JREPAIR

09-CONTROL
JREVIEW

10-REWORK
[REPAIR

10-REWORK
JREPAIR

13-REPORTING

MW 4.5 Llﬁﬂﬁﬁ\ifglj”lﬁﬂﬁ"lsll’f)\i NVA luuaaznszuiums
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1IN 4.5 veerIn1elar nazami 3.4 Nuaag Pareto Chart vosnua1lu
[ v 9
N3ZUIUMSHAATINA NVA WInTigane Assembly taz Weld awdiay 3ahidoyaniaoun
a d ' ' [
Ansiziae N 1u Assembly ag Weld A1 NVA finszuaumslathe asuaaswalugiuuy Pareto

chart A9UEASIUNINT 4.6 1Ay 4.7

Assembly - Non Value Added Time

3500 120 00%

3000
100.00%

2500

80.00%

2000

60.00%

HOURS

1500

40.00%

1000

20.00%

o 0.00%

09-CONTROL/REVIEW. 10-REWORK/REPAIR 11-TRANSPORT/MOVE PARTS
I Assembly NVA Time 2938 1256 42
—Cumm. Ass. NVATime 69.36% 99.01% 100 .00%

MNN 4.6 Pareto Chart LAAIATNVA 5IUV0INTZUIUNT Assembly
a 4 ! o
lumsnsIgd NVA  409n5202UN15 Assembly ladoyannasiiinisud lvaes
H A . Aq ¥ 4 . Aqu
YUADY ABNTZUIUNIT Control & Review N 151381534 2,938 ¥ 114 11a Rework & Repair 71 1%
@ 2 g 1 { o - [
1A159% 1,256 %2 119 Failua1 NVA awens1en 3.3 39 1dhnssuiumsiiuimsssanayes

Taelfunudanelanieniamaiainage NVA Cycle time ¥99n05¥1IUNS Assembly
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Weld - Non Value Added Time

2500 120.00%

100.00%
2000

80.00%

1500

60.00%

HOURS

1000

40.00%

20.00%

a 0.00%

09-CONTROL/REVIEW 13-REPORTING 12-INSPECTION

10-REWORK/REPAIR
. Assembly NVA Time 2199 978 648 230
e (Cum. Ass. NVA Time 54.22% 78:35% 94.33% 100.00%

W 4.7 Pareto Chart HAAIA1 NVA 484052 UIUNT Weld
a @ vy A o J A

Tumsins 1z NVA veanszuiuns Weld ladoyanaasiimsud lvaesiunou Ao
ATLUIUAT Control & Review N 1$138139% 2,199 ¥3 104 11ag Reporting 7141381533 979
Y v { dy o @
9 Tue Faudlua NVA awasei 3.3 9@ hnssuaumsiunimsszavaued agldumue
Aatlaniemaunandinane NVA Cycle time ¥99n32UIUNT Weld

2 A yvo v 9 A Ao & I g

Fuaouil ldihdoyanngiudeyaluszuuniotisvesusinauiludoyaniuseany
dsgiriunasnenumainuvesnaas ludenudwaasdunimi 48 aeldmsaiuauves

ARINIULHANTIAILANITY
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VIHN YUNA 1DUUYT DA (WHI¥Y) MIUNY 6316
UNIMIT ENGINEERING PUBLIC COMPANY LIMITED. 1

ngu yogAngd wfin thuiinnenunslfia Ayosid ] i 24 /59
nanhamalndues unga nanhamdanm
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Summary Report for NVA

Anderson-Darling Normality Test

_ A-Squared 73.67
P-Value <0.005
Mean 9.0170
StDev 2.9070
Variance 8.4505
Skewness 0.056638
Kurtosis 0.771982
N 1526
Minimum 1.0000
1st Quartile 8.0000
Median 8.0000
3rd Quartile  12.0000
= Maximum 23.0000
95% Confidence Interval for Mean
m
3 6 9 1 15 18 1 8.8711 9.1630
95% Confidence Interval for Median
8.0000 8.0000
* 4:'7 L 95% Confidence Interval for StDev

! 2.8074 3.0140

95% Confidence Intervals

Mean }—c—{
Median +
8.0 82 84 L€ v) 9L KSOPIIND} Q (/]

MW 4.9 1EA3AT P-value Y9I701A
{ ' <
11NN 4.9 MINTZBUBITONA P-Value Hoan1 <0.005 11 uN1InIzIIBV0T0YA

alulna (non-normal data distribution)

& a d a
4.3 YHADUM T UATIZHVIINTTUIUNINAA (Analysis Phase)

=2 o 9

9
mﬂwaﬁgﬂsuawumumimmiﬁnummmmﬂizmumiwaﬂiuﬂﬁ)@uu WHIUD

S 2
ka)}

a 4 1 1 1 o a [ o a { a a
mamﬁwwm%@mnszmnwamsmmumﬂuﬂﬂﬁ;uuuagmimmmmﬁﬁﬂﬁz’dmmw f

] ]
= =

Y gJ/ dy o Y v 1 dﬁl
Ngandoans luruseutitzaoudnin 3 Joasao il
1) aumgranvedyni (Root Cause)
1 d’ %
2) urasnuvenlls
A ] 1 1 ) a [} % Y
3) Tumenves Y=AX) oz l5Avgoeineszniumsautiuanutgiunuihuue
MsguiuaundeIns
A ' ' P/ A o Y a .
v g N lunaaznszuumsuvuaoulani 1A Long Cycle Time 499 NVA
o a o A, . % 4
3918Mms TR 12 1ae1935n15U04 Cause & effect diagram 13 oUNUAIN1IUAT 1WA YA
vanueatlayn (Root cause) N1 11IAA Long Cycle time 499 NVA 1unszuiun1s Assembly 619

uaadlunnm 4.10
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o . a o . o
1NNITUIDT input X’s WBATIZH W Cause & effect Matrix 18311 11uaaaly Pareto

o v o {
chart TdanudusiusaaaaalunIng 4.11 uag 4.13

A15197 4.2 11EA Cause & Effect Matrix Y04 NVA time 1UNTZUIUMST Assembly

Importance of each output to the customer

Long NVA Cycle Time Tu

Outputs

AszuIun1s Assembly
Process Map - Activity Item Inputs (X Variable) Weighte(% of Net Status
Assembly Variable - Control/Review 1 (0) we3eu/asyadauuuy Assembly drawing 1 9 0.50% Himinated
Assembly Variable - Control/Review 2 (0) Winuisznaugnsaslisuasidoauin 1 9 0.50% Himinated
Assembly Variable - Control/Review 3 (0) ilavAuou Repair& re-work 1 9 0.50% Himinated
Assembly Variable - Control/Review 4 (1) wuasliedonbiiaa 3 27 1.60% Potential
Assembly Variable - Control/Review 5 (1) duouviiadenlime 3 27 1.60% Potential
Assembly Variable - Control/Review 6 (1) Re-confirm Q'ty & Speicication 3 27 1.60% Potential
Assembly Variable - Control/Review 7 (1) asaNauduuuarnInlstnay 3 27 1.60% Potential
Assembly Variable - Control/Review K] (1) darlunisasagauunu 3 27 1.60% Potential
Assembly Variable - Control/Review ] (1) wiinoulanairlunisusuuesuiu 3 27 1.60% Potential
Assembly Variable - Control/Review 10 (l)Lﬁunm'lumsi‘Jufl"uao 3 27 1.60% Potential
Assembly Variable - Repair/Rework "1 (2) Wrong Ref. line or degree 9 81 4.80% Critical
Assembly Variable - Repair/Rework "2 (2) dnanlunyuaraaudnlduazdonglide 9 81 4.80% Critical
Assembly Variable - Repair/Rework 13 (2) Wrong Assembly 9 81 4.80% Potential
Assembly Variable - Repair/Rework "4 (2) Opening Nozzle Anaan/dumia 9 81 4.80% Potential
Assembly Variable - Repair/Rework "5 (2) wiinou'laildauuuunay  open 9 81 4.80% Potential
Assembly Variable - Repair/Rework "6 (2) fiwwuviilu  Normal practice & Abnormal da 9 81 4.80% Potential

‘IndlAaoiunin
Assembly Variable - Repair/Rework 17 (2) Part Prepare Process Error 9 81 4.80% Potential
Assembly Variable - Repair/Rework 18 (2) lu Sparge pipe finuua/31mu 9 81 4.80% Potential
Assembly Variable - Repair/Rework "9 (2) swefinanndtszylunuy (1&n/Ivg) vda du/em) 9 81 4.80% Potential
Assembly Variable - Repair/Rework 20 (2) wiinuweden  parts amdudud cutting 9 81 4.80% Potential
Assembly Variable - Repair/Rework 21 (2) Lilalvilsondaany 9 81 4.80% Potential
Assembly Variable - Repair/Rework 22 (2) vuTsen&s over load 9 81 4.80% Potential
Assembly Variable - Repair/Rework 23 (2) ﬁmsLﬂa"'uuuﬂaau.uuiw'mmiassemny 9 81 4.80% Potential
Assembly Variable - Repair/Rework 24 (2) wiinoula'ldvinnisasiadaufunuuaIge 9 81 4.80% Potential
Assembly Variable - Repair/Rework n25 (2) d9siay build inhouse 9 81 4.80% Potential
Assembly Variable - Repair/Rework 26 (2) wiinaudanuuundaiiasan Symbol laidu 9 81 4.80% Potential
Assembly Variable - Repair/Rework 7 (2) Build by inhouse 9 81 4.80% Potential
Assembly Variable - Repair/Rework "8 (2) owisaeld M/C undeoulaiviu 9 81 4.80% Potential
Weighted effect on each output 1674

Y} s Y ~ = A A A
mﬂﬁﬂmuumm C&E Matrix NNATU Y’s 9¥U scale 3101 D3 10 11!1/]1!Lﬁ@ﬂ‘ﬂ
o o A [ d < = = 1 Y Y o 1
ANUAINYAD 9 @YU input X’s NYLN Scale 1 HI 9 meﬂwﬂmuu%%mmm e o0, 1,3 ez 9
Y
MUY (McCarty, Bremer, Daniels, Gupta, 2004, p. 368)

[ [ o J
0 - lulinansznuvsoaNudUNUT

= Y A A [ =
1 - UNANTENVUUDYIHIDNANNTUNUTNUDY

= = v o
3- llWaﬂi31/]'Uﬂ’luﬂa'NW%'E')N?]'J'HJﬁiquﬁﬂ'IUﬂ'ﬁ'N

~ =~ v o IA
9 - llWaﬂ537]U3J1ﬂﬂ%@ﬂﬂ3’luﬁuwu5ﬁinﬂ
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Input Effect

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 4 5 6 7 8 9 10
mmmm Data Value 81 81 81 81 81 81 81 81 81 8181 81,81 81 81 81 81 81 27 27 27 27 27 27 27
— % 48484848484848484848484848484848484816161616161616050505
Cum % 4.89.6 14. 19. 24. 29. 33. 38. 43./48. 53. 58. 62. 67. 72. 77..82./87. 88. 90. 91. 93. 95. 96. 98. 98./99. 100

90 120.00%
80
100.00%
70 /
4
Q
3 60 ) |/ 80.00%
(O
= 50 /
D d 60.00%
9 A .00%
_DCD 40 //
‘© /]
; 30 L7 40.00%
L/
/]
20 A
L/ 20.00%
10 //
0 0.00%
12 3
9.9 9

WA 4.11 118A4 Pareto chart Root Cause U84 NVA time 1UN5EUIUNT Assembly

'
=1

H 3 )
1IN0 4.11 uaaIfiAauba Root cause Y83 NVA 409n521UIUN15 Assembly 1139
T ludosa miwnj 9 f1® Control/Review 1102 Repair/Rework

AMANUHUIBVDY Input Effect 1aad1ua1319% 4.2 1Uv09 Item
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(4) Control &

Review

(4) oA
AL
vy

(4) \iunanfiudu
ag vistuuazuan
&

(4) Gndniosu
aomi

MUl
(4) mnadotu

(4) i Roller T

widinuaz (3) vantun
m Fawao weld
coupon i weld
(4) Measure map uw
(@) finsznunts (4) éiunandudu () mnaditug
ﬁ,d:qfw;m Rl S sadiaumn/um
agalunioray &
iy (3) Method
e (4) Aaduiesu ~
@ it S
3 i mawud
:‘;“‘;:::““‘““ [ @ madotuay
wuntaNNInuay
(4) Bnsasaanau ‘ =
i 3rd party g
Musfuaiau
(4) linanara
QAR
aviiiauu
(5) NDE i (5) wdonn
APT/MT vidHydro test 1
wnh
(5) wundiaxi _
avanavauas (5) wnihiiaxti
n/antaile leivin ful
na penetration
(5) Revised ) ANl
Instruction & Customer

(5) namdoint
“Lianysol

retest WQT

Comm. or give
instruct must

follow &
© Precuation
Eng. /Production
did not follow
Customer
instruction
(5) ficracki Steam
inlet nozzle
©) i
\flavan Defect
(5) fiviay
27na/under
cut/incomplete
fusion etc.
(5) viidoan/via
instruction
ARBUARUIN
\f/update PQR
i
O itaruau/iiy
YanuURIALTY/
wirlilsiniias 1a

(5) fispudefect
windiay

(5) wa RT fim
interpretlaisin.

(5) Rework &
Repair

1 o 9 .
ﬂTWﬁ 4.12 LLNMWQﬂNﬂmLLﬁN Root Cause U9 NVA time Gh«!ﬂi$1|’31v!ﬂ'li Weld

Tuunudsialaniidluduas Ao dauiiezihhllfuilsaiieannal Long Cycle time

v
Y99 Assembly NVA Tuvuaouns1/5uige (Improve Phase)

o . a o . @ {
1ANTHDT input X’s WIUATIZH 1M Cause & Effect Matrix Aduandlua13199 4.2

o [ v o {
uaz 4.3 uanit luaaalu Pareto chart laanuduwusaaaasluning 4.13 uas 4.14
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M135199 4.3 1AAI Cause & Effect Matrix U949 NVA time 14A52UUNT Weld

Importance of each output to the customer 9 1im Long NVA Lead Time 1u
Outputs nszuun1s Weld
Weighted % of Net
Process Map - Activity Item Inputs (X Variable) Value by Effect by Status
Input Input
Weld Variable - Control/Review ] (3) narlunsiaeian  weld coupon au weld 1 9 0.80% Himinated
map uu
Weld Variable - Control/Review o] (3) vuadalnai sasdauunn/om 1 9 0.80% Himinated
Weld Variable - Control/Review 13 (4) MdnaesRnsesauwdanuy 3 27 2.30% Potential
Weld Variable - Control/Review 4 (4) auadoluguundauninauazem 3 27 2.30% Potential
Weld Variable - Control/Review 5 (4) Bananfuduas Woluwaruando 3 27 2.30% Potential
Weld Variable - Control/Review s (4) finsziuntsesadavvaisatholunilesamdan 3 27 2.30% Potential
Weld Variable - Control/Review 7 (4) $8nwaanauly 3rd party wgiudugau 3 27 2.30% Potential
Weld Variable - Control/Review ] (4) 'l‘i.ir:mmiwqunﬁawa”omit'ifaumu 3 27 2.30% Potential
Weld Variable - Repair/Rework kel (5) dausaedamilasan Defect 9 81 7.00% Critical
Weld Variable - Repair/Rework "0 (5) NDE "Wi#uPT/MT 9 81 7.00% Potential
Weld Variable - Repair/Rework "1 (5) nuwesauloint Liauysal 9 81 7.00% Potential
Weld Variable - Repair/Rework "2 (5) wundawbiavarawauaznine/&n'laleduua 9 81 7.00% Potential
Weld Variable - Repair/Rework 13 (5) Wladuan/iduanuuannadu/uulisaiiias a4 9 81 7.00% Potential
Weld Variable - Repair/Rework "4 (5) fivavainie/under cut/incomplete fusion etc. 9 81 7.00% Potential
Weld Variable - Repair/Rework 15 (5) fisandefect wundau 9 81 7.00% Potential
Weld Variable - Repair/Rework "6 (5) wa RT film interpretlisiu 9 81 7.00% Potential
Weld Variable - Repair/Rework 17 (5) nd9nnvinHydro test fuur¥ 9 81 7.00% Potential
Weld Variable - Repair/Rework 18 (5) ficrackii Steam inlet nozzle 9 81 7.00% Potential
Weld Variable - Repair/Rework 9 (5) uuhdanlaileévin full penetration 9 81 7.00% Potential
Weld Variable - Repair/Rework 20 (5) Eng./Production did not follow Customer 9 81 7.00% Potential

instruction

Weighted effect on each output 1152

< @
M3 IHAZIUUYDY C&F Matrix AIZMIOUA1 Assembly N9AI Y’s 923 scale 910 1

=2 AA A A o o A 1 f < = = 1 Y Y
039 10 ﬂluﬂulﬁ@ﬂﬂﬂ’)WﬂJﬁWﬂﬂJﬂ@ 9 @J3U input X’s NITY Scale 0 D39 mes”lwﬂzuumz%

@ ua 0, 1, 3 uaz 9 11U (McCarty, Bremer, Daniels, and Gupta, 2004, p. 368)

(= o v
0- Vluuﬂaﬂiz%ﬂﬂ%@ﬂj'luﬁllwuﬁ
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Input Effect

90 120.00%
80
100.00%
70
w
3 60 80.00%
(4]
= 50
2 d 60.00%
9 A .00%
N 40
.20
g 30 40.00%
20 A /
20.00%
10
I I 0.00%
910111213 14151617 181920 3 4 5 6 7 8 1 2
mmmm Data Value 81 81 81 81 81 8181 81 8181 8181272727272727 9 9

_— 7.07.07.07.07.07.07.07.0707.07.07.0232.3232323230.70.7
e CUM % 7.014.21.28.35.42.49.56.63.70.77.84.86.89.91.93.96.98.99.100

WA 4.13 118A4 Pareto chart Root Cause U84 NVA time 1UN52UIUNT Weld
1100 W 4.13 naaalfifiud Root cause Y94 NVA ¥pan3z1nums wWeld fisjalllu
v ' A . . =2 g a = o
ammuiwm 9] 19 Control/Review 481¥ Repair/Rework Faiuldlunemafedny Assembly

AMUYINBUDY Input Effect taradlua1319i 4.3 Tuxod Item

o Y a
4.4 TuneuMs15u1l3anszuIumswan (improve Phase)
a ¢ a o q YN VY A o q ¥ o v
nnunazdvesmsiasizinszuaunaam i 1ddanrg i lvnissiiaudos
Aa A g’/ dyd Yy as A @ ' a A a Y
Yszansam Tuduaeuildelanisnazdsvilgalunaaznszuaumsnan ioaanaimananld
@ J 3’/ 91 ° [ g
Taaminguszasd lutuaeniivzaoumniy 3 doasae liil
I o Y
D eglsiludenuzihlumsunaym
Y J [ 1
2) A lumsudtlymasuTandaungnan (Root Cause) lanse laj
3) dunuluSewawazaldieanldnsanioluediels
o A g ! g v 1 g
msawiiumsluduaeutiutailu 3 doasaelii
4.4.1 Youuzihlumsuddgm
A o U g’/ -dy k4 v 9 [
nszurumsmhnldluduasuil ldninmsszanauesnnurudannlanaaaslu

A ~ ] 1 = 3‘/ I ~ o 9 d' [
MUN 410 waz 412 Nedlunaesduasvwiunszuiumsnssihuunyruielsuily
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NITVIUNITUAZAANIAT Cycle time UYDI NVA 6],‘ng‘ﬂL!f]J‘iJGU’t’N Solution Desirability Matrix A4

v ] Y
uaaaluans1en 4.4 1azn A 4.14 Improve Pareto Chart ¥84nTTUIUNT Assembly faae 1)1

A15199 4.4 1EAY Solution Desirability Matrix UDINTEUIUNIT Assembly

Solution selection criteria weighting 9 9 9
Selection criteria o
§ 9 § [ORNG
zZE =z & >
o own 2=
Se 58 25
TV T E o
Q> 0 =
xO ¢
i 0,
Code Proposed Solution Weighted % of
Score Total
1 (1) 9@1in Bucket wanueag partswsau Tag 3 1 3 63 9.50%
2 (1) dadetissuaiomin 9 1 1 99 14.90%
3 (1) 1 Rollerlunysuyudy 3 1 1 45 6.80%
4 (2) suwnde  ref. luuuy  Winiulunsedsumionla 3 3 9 135 20.30%
AnLau
5 (2) szu‘luuuu‘gﬁﬁmﬁa Charecteristic/Spec uag 3 3 9 135 20.30%
nozzletype 1
6 (2) witnvu inhouse MsunkA  Basiceasnsu 3 3 3 81 12.20%
intermediately
7 (2) wenenuvi&nt&ay  Inhouse &wsuou M/C 3 1 3 63 9.50%
8 (2) W update DWG. list nnaseiifinisildeu 1 1 3 45  6.80%
Rev.

Total 252 126 288

@ = [ ~
mﬂﬁ}ﬂzuuﬂ%}waﬂmmmmmﬂuﬂn C&F Matrix f’d]@ ‘1/]1\1@91}1‘11! Y’s 32U scale 910 1 ﬁ\‘i
A A A o o A ! a 3 A = , Y XY
10 1Uﬂulﬁ@ﬂﬂﬂ31hﬁ1ﬂi‘gﬂﬂ 9 @3 input X’s NITY Scale 0 3 9 Lmﬂ'liclﬂﬂglluui]gcl“]fﬁﬁmﬂl
Y
1A 0, 1, 3 4ag 9 MUY (McCarty, Bremer, Daniels, and Gupta, 2004, p. 368)
= o v J
0- VliJiJNaﬂiZWUW%@ﬂ’JHJﬁNWH‘ﬁ
~ Y A A v o I Y
1 - UHANIENUUBINTDUANUTUNUINUDY
~ A A [ v J
3- llF\IﬁﬂiZ‘V]'U‘]J'I‘L!ﬂﬁNWi'E)ﬂJﬂ’J'liJﬁllWH‘ﬁﬂ1uﬂ'ﬁN

= =) v o IA
9 - llWaﬂi31/]'1J3J’]ﬂ1’i§@3Jﬂ'J’l§Jﬁ3JWUﬁ‘ﬁ3J’lﬂ
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Pareto Chart
100
640 -
560 - ~
480
T 400 - 60 £
= 8
& 3201 K
240 - 0
160 B
80
0 - 0
4 5 2 6 1 7 3 8
Data values 135 135 99 81 63 63 45 45
Percent 203 203 149 122 95 95 68 68
Cum % 203 405 554 676 77 8.5 932 100

MNN 4.14 1dag Implement Pareto chart UBdNTEUIUNIT Assembly
P~ Y o o 9 [ A A 1
1Innnd 4.14 IdineimsszavavesnnueuAinelaiasaaslunini 4.10 Nog

1 y g { ) 4 o
lunaesduaaimilunszurumsnozihudtyvunedsuljenszuiumsuazaanal Cycle
time Y99 NVA Tu31uu1ve4 Solution Desirability Matrix Adttaadlun1s1an 4.4 Tagldnu
E4
U v A

anudAyueaayr1 (Propose Solution) [THIIAUAIN 4, 5,2, 6, 1,7, 3 1Ay 8

AUNUIBYDY Proposed Solution aAd1UA15197 4.4 TuT09 Code
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A15199 4.5 1EA3 Solution Desirability Matrix UBDINTEUIUNIT Weld

Solution selection criteria weighting 9 9 9
Selection criteria
<% <
ZEZ. 3%
o o 2=
Qg OO0 ac
335 30 g3
§5§ &¢
x O
R Weighted 9% of
Code Proposed Solution Score Total
9 (4) Gadetesualomin 9 3 1 117 19.10%
10 (4) 19 Roller Tunisuyud 3 1 1 45 7.40%
11 (4) finswmsunisladiasasiiaivnusauiaaaian 9 3 3 135 22.10%
12 (5) Revised Instruction & retest WQT 3 1 9 117 19.10%
13 (5) viviiean/vin  instruction WWaaauaauuwulLA1/update PQR 3 1 9 117 19.10%
T
14 (5) All Customer Comm. or give instruct must follow & 3 3 3 81 13.20%
Precuation
Total 270 108 234
Pareto Chart
'GG'D o i i 100
,-"'f
500 1 .l 80
400 /
I= ,,i/ 60 E
3 - ]
=] 4 e
3 300 ./ k:
XA 40
200 + -
a‘/
100 - SNE S OZ 20
O\ >0 (52|
W\ X AT I
0 N\ _~Raorsa /A= 0
11 9 12 13 14 10
Data values 135 117 117 117 81 45
Percent 221 19.1 191 19.1 13.2 7.4
Cum % 221 41.2 60.3 79.4 926 100

MNA 4.15 1aAS Implement Pareto chart U93NTEUVIUNIT Weld

d' o 4 9) o { {
1NHNINN 4.15 ‘lﬁ'uummﬁmuaummmmummaﬂmmgmﬂﬂumwﬁ 4.12 Nod

U

' g g { o Y 4 o
Tunaesduaaiuilunszurumsiszihuuddyrunelsulyanszuaumsiazaanal Cycle

time ¥4 Weld NVA 113111011994 Solution Desirability Matrix Adtaad1un13199 4.5 Tagll

Y
mauANUdIAYYeIlayr1 (Propose Solution) [FEdIAUAIN 11,9, 12, 13, 14 18y 10

AUHUBVDN Proposed Solution taAd1uA15199 4.5 Tuwo9 Code
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lahmsszanavesuiimsilgialunszuaunmsnaaiomuiumldieslunszuiuila

o = A I o < 1 9 ~
WMMsfAnEIA0 NVA 489 Assembly taz Weld Taguonilusiuaug Tuaazar l9aieianasves

v W

[ A =2 [ g
aauaad lunng 4.18 D9 4.19 muaaUAdl

Compare Between Base Line and Current Assembly NVA Cycle time & Weld
NVA Cycle Time

219

(7))

-

=

(=]

£5

1

c

(']

s

T Assembly 10-

A || comiRO\XREVEW e\ RENCRIREPRETA T ] vIEW| Weld 1O REWORIVRERS
\ u NVA Base Line Cycle Time \\ 184 82 4 37| \ 116
|~ NVA Current Cycle Time 219 ! 0 131 \ 11

M 4.18 1fSeUMeV1I81 NVA 109 Assembly & Weld nouitaznain13livilgs
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Compare NVA Cost Between Base Line and Current for Assembly & Weld
Process

m
o
'—
x
Assembly 09- Assembly 10-
CONTROLREVIEW | REWORK/REPAR We}d 09-CONTROL/REVIEW ~ Weld 10-REWORK/REPAIR

= NVA Base Line COST 156 N | WASISSTOSLLLAN/ | (1 Ll )

NVA Current Cost 186 PG 3 1P 499 m 2

M 4.19 nfSeufisudunu NVA 499 Assembly & Weld noutaznaanmsilsulga
1 9
NNUHUYTVOININT 4.18 1Az 4.19 Naawazmldiieues NVA Tunszuiums
2 A 2 v A ' < Yo SA A

Assembly and Weld aauaziniy l)lunanisdeinuiaaasediaiuldsanaosinioanaiui
3 . Y A A v A 9
1111 Repair/rework a9 lamsizlitlurialavesnszurumamuganivn udnlusesasdunuues
g’/ o (Y < Ao w = Y A =®
nanszuumsds lidanunau mazlurainding 39lamenAnyumnIz NVA 199 Assembly

Y
and Weld 111174

4.5 TUABUMIAIVANNIZLIUNIINAA (Control Phase)
[ Y v @ Y 3’1 dy Y o
naann lawaawsoinmsUivigenszuauvesnszuaunmsuad luduaouilazdoeesin
¥ = 29 Yo A 9 o 2 A
msnugulinszuaumatiullawnlaguiumsamdonuzilusuaeuiiniuu (Improve
9 Y 2
phase) Tuduaeuilvzaoumaiy 3 todese 11/l
a a A I . o
) nszuaumseaaiidszaniamiluldawisnldennszuaumsdsulse
viao liodels
L} 1 1 a { g’} o d
2) wdlu'ldedslsiudhvunengsnanas Hazdseauanudse
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TumsmuaunszuIumsnaafiinane NVA Cycle time 18111191 Action Plan 910
Desirability Matrix 318411913514 Process Control Plan ¥93911 Assembly 1N0N15AAAINI10Y

"y '
meldaithwnenaalinsely danaasluninn 4.20

Key Inputs (Vital Xs) to be Controlled

Specification
Activity / Step Input Characteristic to |Control Method Control Description

be Controlled
Assembly Variable -|(1) 4ash Bucket wenusiag partsiiay Tag Audit i Audit e Parts himsatmniaas iadumodhnanisnn Rev Work
Control/Review instruction wialatdls
Assembly Variable -|(1) ndstis s Visual Work Plan [mavinnsda shell crcum. uarlvsndun oot adiamnmsay wasnudan W
Control/Review inhnuasasamdaNaia
Assembly Variable -|(2) shwnia ref, tuwuy Wivintunsdidummionlidaiy Visual Work Plan

Disesiwimiuun Engineering v Review naunts release drawing 1 Production

RepaiRevork finssumins Approve athwian 2 au et Section Mngr. & Dep.t Mngr. Approved.

Assembly Variable -((2) ssutuwunlifafl Charecteristc/Spec 1ay nozzle Visual Work Plan

‘ ; Tiissdurimniumun Engingering viws Review Aauns release drawing i Production
Repair/Rework ~[type i

finssunns Approve aehwiae 2 au el Section Mngr. & Dep.t Mngr. Approved.

Assembly Variable -|(2) wifnow inhouse wisuud Basiciannsy Training Plan |, , .. o aua e ey o .
‘ ) L Sabifinmsuinoussdulfianshis ahtaludydnweiylimn 6 au
Repair/Rework |intermediateniy
Assembly Variable -[(2) W update DWG. list waaswitfimmazy Rev. Control Doc P C e
) = Doc. control finys update wnavwiadagua uasasll Internal audit aviad iuaviad
Repair/Rework Revision
Key Outputs (Vital Ys) to be Monitored
Activity / Step Output Specification  |Control Method Control Description
Characteristic to
be Monitored
Unmapped Variable Long NVA Cycle Time Tu aznumy Assembly X-Bar/R indayrnniesateniieneiduntindayintdanda

NN 4.20 LA Control Plan Y0 X’s 1A Y’s GlumiﬂTUﬁ]ZJ Assembly NVA Cycle time
VNN 4.20 LAAIDIHUNIUNIZAIVANNTZUIUNT Assembly 1agdl Input X’s 110
[l 9
Output Y’s NazAoaihg feseazi®enne 11T Activity/Step, Input, Specification to be Control,

Control Method iei¢ Control Description
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TumsmuaunszuIumsnaafiinane NVA Cycle time 18111191 Action Plan 910
Desirability Matrix 418311A1519 Process Control Plan 494911 Weld tion1saan1uitegniola

vy '
Fhwanenaalinsely daaasluninn 4.21

Key Inputs (Vital Xs) to be Controlled

Activity / Step Input Specification  |Control Method Control Description

Characteristic to

be Controlled

Weld Variable - {(4) dafolswanomnin Visual Work Plan [vfeminmsdia shellcrcum, uarliindumsdodsnilsaiamanssay uasowday i
Control/Review hniesRAR LRI
Weld Variable - |(4) fimssuntdiafaofialilmnsannfaaanm Training Plan |40 Internal traning dwsumsdlafaolalunamasasaeidan vn 6 au wiansioly
Control/Review VRRRUHAN S
Weld Variable - |(5) Revised Instruction/ update PQR i & retest Process Redesign(vn WPQ/WPS tmiasvasauthodauti vioaan WQT mw PQRwi tflabiiulaiag
Repair/Rework  |WQT funsnan Defect avlddn
Weld Variable - |(5) vitonu/in instruction binauequinin Visual Work Plan [navininomudastitmiomsmaduifinominsastussaudionsaalmny o
Repair/Rework i
Weld Variable - |(5) All Customer Comm. or give instruct must follow Control Doc | Doc. control Ansnmananstiihuasnudanidy Production wasinssnfiumsamd
Repair/Rework ~ [& Precuation Revision recomment iy shnhumindney DG

Key Outputs (Vital Ys) to be Monitored

Activity / Step Output Specification  {Control Method Control Description
Characteristic to
be Monitored
Unmapped Variable [ia Long NVA Lead Time Ty nsamims Weld :Bar/R indaanistatmrienatdunbismdartioWhinnda

WA 4.21 1a@AI Control Plan Y09 X’s L2 Y’s “lumsmmi]u Weld NVA Cycle time
VNN 421 HAAIDLHUIUNIZAIVANNTZVIUNT Weld Tagdl Input X’s 1az
[ Y
Output Y’s ﬁazﬁmg%@ Aas1eazidean 11 Activity/Step, Input, Specification to be Control,

Control Method i8¢ Control Description
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a < o 4
Tumsmvaunszurumsnanliiuldamunuldvszuy 1509001 ienunu
= = 1 A Y A a g’; a =
51902100AY0INTUIUMTUANGoLazNe 1Ml NH 1IN INITDAAMNIUADUVDINITHAN D4

v v
ulﬁ}fﬂﬂﬁW Inspection and test Plan (ITP) VOIVUADUNTHANAILTAS IUNINTN 4.22

TP o IT.8100 Rev 1 Page 3 of 7
——
TASK ACTIITY /PR QUALITY SURVEILLANCE |
ND DESCRIPTIO! VENDOR. (QC) TORK _l TTCL IRPC Al _l
SIGNATURE NATURE| CODE] 5/ GNATLRE | CODE] SIGNATURE]
NT3AB, N4AS, NIEA
X ifcafion DD-8106-DE01194-6 H RI R R
] bir heck DD-8100-DE0T19-4-6 W
2 Culling & grinding (neck, pad) Edge preparation check DD-8100-DE0119-46 H
4 Fitup flangs 1o neck & weld o DD-8100-DE0119-4-6 W Rl RRI RIRI
1 check (AligTmen, filip) T "
al edge preparalion NC-6100 H RI RRI RRI
ual WP-B100 N W RRI RIRI
633 |Manrole fneck plate ~ fangs] mark M1
1 ol Materal Icenifoation DD-8100-DE0119-7 H Rl R R
> Lay-outf culling {reck, per) Dirmension / Edge Preparation check DD-8100-DE0119-7 H
5 Forring (Roling) DD-8100-DE0119-7 per DING 8 ASHE | W
4. Fit-up & weld (neck) DD-8100-DE0119-7 a5 dr W RI RRI RIRI
DD-8100-DE0119-7 as drawng H
o H Rl RRI RRI
ASWE I W W RRI RRI
5 Filup Nange Io neck & veld 2 drawng W Rl RRI RIRI
DD-8100-DED119-7 as drawng W
o) Visuel & D8 100 1 Rl RRI RIRI
R WP-5100 W W RRI RIRI
neck_pipe = flling (f anyl] merk N2_N3, N6, 17, N18 & N20
ial Material |denfifcation DD-8100-DE0119-4.5, 6 &8 UG-77, ASME VIl Div. 1 H R R R
ui & oulfing pipel Direnson Cheok / Edge oreparalion check DD-8100-DE0119-4,5 688 2 drawing il
ilup necke pipe o ffing (Tey] o) Dimension Check DD-6100-DEV119-4 5 68 8 2 drawng W Rl RRI RRI
Bweld ol akon check (Alpment, ki, DD-8100-DEV119-4 5, 68 8 2 draving H
ceariiness insp)
o) Visual & 100% MT af edge proparalion 1106100 H RI RRI RIRI
) WPS , elder , Visual WP-B100 Vi W RRI RIRI
Note - Nozzle no.N6, N7 & N19 shall be made of P No.4 Gr.1 mat!,
Te-rey] longilud weld
835 |NOE for nazzle welds R} for QL PERR, NE-§100 R Rl RRI RRI
HE-6100 URH52, ASME VIl Div 1 R Rl RRI RRI
B2 Jsu les & Olher Accessories
1 1al fion DD-8100-DE0119-1~10 UG-77, ASME Wil Div.1 H R! R R

Remini 1 Please duly sgned & data afer cach colivi

MNA 4.22 1EA Inspection and Test Plan VOINTLUIUNITHAN

compieled

INNINN 4.22 LAAINTLUVIUNITHAA ﬂigﬂﬁuﬂﬁﬂ’lﬂﬂlﬁj@ﬂ Glf]gf} Procedure vilaLav

{ A <3 {o a 1 U
Talumsniugu uazmasguildsmasaden wioumasuvesdnivaasou lunaazaau
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A ¥y 1 & & Y 2 Y Yo 1 &

moudasliiuniuasunsaruauilu ladhwinedsldihawasiuga Tuens
o { [ 1 o 3 @ {
Maunuen luLaaznIzuIUMTUAZIIUEDINININGTIVEUIT Y XBar-R Chart AduaadluaIng

4.23 ag 4.24

Xbar-R Chart of Total Of DUR
Stability Repor‘t Look for these patterns:

Global Trend Cyclical

A A -
/ -
= / N
g e 7 r— — -
= < ” . . .- - . .
Shifts Drifts

- 1 ﬂ ? ‘
& A S
5 o . Oscillation Mixture

— v . ~ re - 'W

Assess the stability of the mean and variation of your process and look for

patterns that can help you distinguish between common and special causes. Excessive Out
Typically, a process that exhibits only common causes has a constant mean i i)
and constant variability. However, global trends or cyclical patterns may also

be common causes. Other patterns, such as shifts and

drifts, may be special causes.

Chart Test Out-of-Control Subgroups

R Test 1: Outside control limits 3

MW 4.23 1AA9 Xbar-R Chart AU IFBD0V0 900

Xbar-R Chart of Time
Summary Report

Is the process mean stable? Lo Comments
Evaluate the % of out-of-control subgroups. | The process mean is stable. No
w sl | subgroups are out of control on the
. W= Xbar chart.
es |No| |

0.0%] |

Xbar and R Charts
Investigate any out-of-contrel subgroups.
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This is to certify that the Quality Management System of:

Unimit Engineering Public Company Limited
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