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Abstract

This thesis focusses on reducing the number of Null CO2 of Head Gimbal Assembly in hard
disk drive: A Case study of Seagate Technology (Thailand) Co., Ltd. The purpose of this thesis
is to reduce Null (Unreadable) in CO2 type found on the HGA (Head Gimbal Assembly) of
Product M and to increase the yield of the Product M from 99.0% to 99.3%. First, we study
the HGA production process and summarize data for analysis. It was found that the HGA
production produces a number of Null CO2 type error after the electrical test with a volume
of 0.2 percent of production. The organizer has applied the principles of industrial engineering
to apply data collection, to analyze the cause, and to show the results of operations. The
result from the analysis show that the result form the electrical test process, was delayed
and one of the production processes has problems resulting in damage on the face of a slider
(reading head). The result of the improvement can reduce the occurrence of Null in CO2 type
on the HGA of Product M from 0.2 percent to 0.03 percent, and reduce the time in HGA

inspection process by 96.67 percent, and increase the yield to 99.4%
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2.1.4 deavauazka (Cause and Effect Diagram)
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2.1.6 ununiinuAu (Control Chart)
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Problem Belt in the main transmission
Statement ™ drive snapped in the grinding machine

Why did the belt snap?

b Why 1 = There was a heavy wear and

tear despite a short usage period

\ Why heavy wear and tear?
Why 2 - Coolant carrying grinding
muck drips on the belt

Why does coolant drip on the belt?

-

+ The coolant chute leading from the
grinding table to the sump is not big
enough and hence the coolant overflows

\ Why is the chute not big enough?
** Coolant pump capacity was increased
to accommodate higher feed of jobs

Why wasn’t the chute
modified to accommodate
= higher flow?

Design flaw

‘n

by

Countermeasure : Modify coolant chute to accommodate higher volume flow to the sump

gﬂﬁ 2.14 fmvg1ansilisy Why-Why analysis
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uazmsinwemLUaeadeduteyafineauulanseulat finnFudundidugsiclulszmalngly
U .. 2526 qudagduilgiunisndn 2 uwie de Isanuwmmsndludmdnaynsusnig waglseau
las1gludmiaunssnedun asoungunisudnfanlasuuuasuiees 15audinm mnisndhla
duduenlud we. 2531 Maluladnisudauaziniesinsduiiuaivnelfunsgussdulantunis
Usznougaii81u-1Tu (Nano-recording head) uazsjaitiunszurunisndndoinieadnsuay

walulagiedunislddoyastradudu Tugrusaudnasnnududemiunisusznevyasu-deu



3.1.2 uunivinnsAnen
weunfidnsyinis@ine fe PLM (Process Line Management) Wuusundivinisdanisuay
WauwasUSudgndndasiliussqinguszasd 3 Usens Teundunu aaniw nisvuds Tnoweind
wdn ABN1391aunuNISHAR HGA AausiFausn (Raw Material) 2uaunszUILNIHAR (Finish Good)
uas uaﬂmﬂﬁé’aﬁmﬁwﬁmmmaﬂumﬂt:y,mLLazﬁGummsJnqswﬁmﬁa’lﬁlﬁmﬂwﬁw%quaqmLLaz
FuusaalunsEUINIHER
3.1.3 NARAMYNYRIUTENNIAIANY
Ui Finn wialulad (Uszwalve) Wudndneisalas (Hard Drives) dmsunsdafivdeya
uaz SSD (Solid State Drive #ip gunsaldatiutoyavesnenfiawmaiviands) fefinuimuizauiu
msldnuumnmefunaniseannmuas HGA way vinaaNug Siviamsn 4 Yssiav dail
1. BarraCuda imungdmiu PC & Gaming (HDD) Useneaulunag
1.1 BarraCuda®
1.2 BarraCuda
1.3 BarraCuda Pro 4u1m 2.5 113
1.4 BarraCuda Pro 911 3.5 i

2. FireCuda 1@ m3U PC & Gaming (SSHD) Usgnauluaie

2.1 FireCuda™
2.2 FireCuda
3. IronWolf twangdmsiu Network-Attached Storage Usznaulumie
3.1 IronWolf
3.2 IronWolf Pro
3.3 Exos
4. SkyHawk 1ngdmiu Surveillance Usenaulusae
4.1 SkyHawk
4.2 SkyHawk Al
4.3 Exos™ (Helium)

o @ a
Tazdyakarmumngailunisldnureseialasianifagui 3.1
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ER[H] MN ia Ay ANNJ
Laptop storage, mobile
5TB,4TB,TB, 2 TB,
1 BarraCuda® |storage, all-in-one
1 T8, 500 GB
storage, external storage
Desktop storage, all-in-
8 TB, 6 TB, 4 TB, 3 TB,
2 BarraCuda |one storage, home
278, 1 TB, 500 GB
servers, DAS devices
High performance laptop
3 BarraCuda Pro [and mobile PC 1 T8, 500 GB
applications, gaming
High performance
desktop, creative pro 147TB, 1278, 10TB, 8TB,
4 BarraCuda Pro
desktop applications, 6TB, 4T8, 2TB
gaming, DAS devices
. Gaming, creative pro
5 FireCuda™ 2 TB, 1 TB, 500 GB
applications
¢ Gaming, creative pro
6 FireCuda™ 278,178
applications
JUN 3.1 udndasivesusennsdinm
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Home, SOHO and small

14 78,12 7B, 10 TB, 8

7 - IronWolf T8, 6 TB, 4 T8, 3 T8, 2
B business NAS
€0a0IM4" - TB,1TB
Creative pro, SOHO, SME (14 TB, 12 TB, 10 TB, 8
14TB }
8 ~~ o IronWolf Pro
A= ] NAS TB, 6 T8, 4 TB, 2 TB
|
14 TB, 12 TB, 10 TB, 8
Data centre and bulk
9 sexe — Exos T8, 6 TB, 4 TB, 3 TB, 2
cloud storage
«orQuma” == 8,1 T8
el
14 TB1, 12 TB1, 10 TB,
SMB-surveillance DVR
10 SkyHawk 8 TB, 6 T8, 4 T8, 3 TB, 2
and NVR
TB,1 TB
14 TB, 12 TB, 10 TB, 8
11 SkyHaWk Al Al-surveillance NVR
TB, 6 TB, 4 TB
. Centralised NVR 12 TB, 10 TB, 8 TB, 6
12 Exos™ (Helium)

(f 1:15 13

Analytics

T8,47TB,2TB, 1 TB

Eafl

c
=

o
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3.1.4 YoyalunszuiIUNTHANYRIUTENNAANY

a

k4 [ ¥ o =g o a W =l =l a ¢
A ﬂﬂ11®ﬂ1ﬂTﬁﬁﬂ‘lﬂﬂ’ﬁVﬂxﬂ’l‘U‘U@ﬁ UIun vinn LV]ﬂI‘LlIﬁEJ (U‘i%L‘V]ﬂl‘V]EJ) Iiaammwwmw

Jardnaamausins Jugnden HGA (Head Gimbal Assembly) dwiuldlusiinfanilas lngusznay
Slider (Haguidiw) Wiy TGA (Trace Gimbal Assembly) ihdrefiu nsAnwideyalunszuiunis
HER Usenaume

1. dlszneuressninfan

2. fumpun1TUTENBY HGA

3. MSNNUAUSEANSAINUBY HGA

= [

3.1.4.1 daulsznouvassninfan

¢ a & o € o [ T I e 1 2 o = 1 1 v < i
m‘mmafﬂmmuqﬂmmmmuuumﬁuauﬁ Ima‘l‘uammmaﬂwLﬂaauaqvmwuum UIBLNY

=l

a = - ' - al v =l o
BSQﬂLUHﬂJWUﬂ??U?WULiE}UQQ ﬂqiLLﬁJngﬂWﬂqﬂquﬂLﬂﬂ‘u—ﬂU ‘Lﬂ LLa%a"]ﬂJ’l'ﬁﬂLﬁUlﬂﬁViﬁ'mU ﬂ']EJIUG]"J

[

£ a 8/ 1 1 4 sl u‘: - 2 1 4‘.‘1
g13nAdaN Usenaunlgnalgaiunieny Iﬂﬂ%diﬁuﬁ‘\]sQﬂUﬂ‘Uﬂl’)ﬂ'}E}ﬂﬁ’ﬂ\‘lU‘ﬁﬂ LLUUQ@@TﬂWﬂ LD

[

Yosiutluazens e eluileoudu q lesdwusenounan ddail
= LV g = 1 = = 2/ v "

1. Platter w3namuvuiintoya (Wuukunanlavenan Mpdeuniuuulingars Aluminum

alloy w3® Glass substrate ldwannisniawmileaiwesuindnlunistufindeya 1dauiuvaistu

v | =] 2 v o v @ R [ (Y] o
LEILARITUY IﬂEi’é‘i’]3.1’liﬂLﬂU‘UE)HﬁlﬂmdﬂﬂdﬂquLLﬁSQﬂUUﬂﬂIuaﬂ‘lﬂﬂJSLﬁ’U 0 waz 1 WGLL?{@QIUEUV] 3.2

JUN 3.2 Platter v3pamuduiinteya

2. Spindle Motor #3euainasfitddmiunyuuruusingn {WudamuauuY Media lUd

Auvdeideanisiuiinuieudlodeya arwnsanyulafis 10000 RPM 138 15000 RPM d1uiy

PaNfimeINTanTIngs Awandlugun 3.3
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gﬂﬁ 3.3 Spindle Motor

<A LY =l ol as [ ' =3 o o @ - o
3. Actuator Arm %98 LWUUMIDTULVEU uanwmuﬂuummanmm FUATENINWATLNDLA DU
at o 1 A v/ 1 £ L2 o 1 L2 al 1 a A
Tudfashumds Track uae Sector Mdeeneuteya Tasdesinusanduis oy fwuandluguy

3.4

gﬂ‘ﬁ 3.4 Actuator Arm

= a 1 =l I A 1 = ] " a o 1
4. Head w50 s udou flTifeniseruuazifaudouyaauuusu Media lnguni #as1u

Weuazlddudaiuuiy Media ins1zissauvazaumamsu Heenliiilisusiuassitu uas

WeUszann 3-5 lulasin duanaluzuin 3.5
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A s U =l
'E‘U‘V] 3.5 Head %38 181ulT8u

a

-

5. Logic board %38 un12995tWin Wuddridglunisaivqunisiinuveseniaian

Usenauluse Process Chip, Flash Memory, Ram buffer {lusiu ﬁmamﬂugﬂﬁ 3.6

T

H

‘gﬂﬁ 3.6 Logic Board
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3.1.4.2 SumaUNSUsENBY HGA vasuSemnsdifnen

funsun1susznou HeA lTutuneudidnlunisndnendanadlas twsne HeA 1Hu
drulseneundn Fiuid 81y uas Teu %’agaﬁiﬁaamuﬁuﬁn’ﬁaga (Platter) NSEUIUNTHARN HGA
YOINAATN Mavdiayg 2 d9u Aw FOLA (Front of line assembly) ua ¥ BOLA (Back of line

= = 3 s A
automation) IngNIEUIUNTITHER HGA YIIvun UanInagun 3.7

& N W

Suspension

TGA [ HGA Cleaning ]
Load

\_ ) l
y \
Adhesive [ Mechanical Test }
4 l
- Slider Attach ] rEtectricaL Test ]

W A 4
TIC Bond ] [ Auto Sort ]

l i
s ) (s )

h 4

Suspension

Unload

JUN 3.7 NTEUINNSHER HGA NIVNAYIUSENNTNANK
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Tuduves FOLA Wunisu Slider fildannisiaulsvaaunes (Wafer) Ussnauidniu TGA

é 1 v o GIJ 4 o dl o £ s
VILﬁUﬁ’]u‘iUﬂ’]ﬂdﬂ’]ﬂLLNQ’)\‘]"{]'i“ﬂ%'mﬁﬂ‘lﬂﬂ'lUﬂlﬁJﬂﬂiﬂ’Nd'm i’Ji.IL’U’]ﬂ‘LJL‘:lju HGA @nfinsusznau HGA

v
L%

= = s A
fnsvue 6 anil Fauandluzun 3.8

Suspension w
TGA
Load
l J
[ Adhesive
\

Slider Slider Attach J

[ TIC Bond

Visual

|

Inspection

h 4

Suspension

Unload

gﬂﬁ 3.8 NTYUIUNMIHANVDY FOLA (Front of line assembly)
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2
Y [

LAAZAEU AYUADUNITANTUIUR

b e

2/

1. Suspension Load \Wunisimdieudny TGA (Trace Gimbal Assembly) 38 Actuator Arm
aun309dns Tneindeudie TGA 970 Shipping Tray (nrurdnivuseg TGA Tddmiunsvuds lay
aﬁu'l'iﬂ‘l.l'i'iﬁﬂﬁ 60 TGA/ Shipping Tray TaeUszunl) a9 Boat & Carrier (A19UzdIMsUIN TGA e
Tlunssurunandnlnganunsnussals 10 TGA/ Boat & Carrier Litaln3gun3ondmiy Station daly

2. Adhesive Dispensed (Hunisngaannilddmiudn Slider aauusUMTIRUAUY TGA
Imaﬁmsdaaﬂé’mLﬁaﬁuﬁuﬁ%mﬂaﬁgﬂﬁawu TGA

3, Slider Attach n151i1 Slider Tufinuu TGA Tagda Slider faanseduniafifiimuauas
winzay vaontuhluansfeddesslinmuisly Station Weatu Wetadeduduneut aden
%uaﬂuﬁaugiﬂidﬂ HGA

4. TIC Bond ndanmuwia 1a3esdns v3e Tic Machine azvhnisidesnsasiviin Tudumeu TiC
Bond Lﬁarﬁamg}as%ﬂwﬂﬂﬁauuﬁfﬁ annsadadyauasaIuAY HGA Tiinnisenuuasiloutoya
Ulnaditualiiduiidmiud outeasiniy asdendn Pad fddnwusdutesy drusruau Pad
FmsuliiFou TIC szunneafumauRasHanS s awEnSoet M Svavun 11 Pad fegrednuae

484 Pad wuaniagui 3.9

500 pm

2/
Y

UM 3.9 feteanzves Pad AMMSUNISITRNI99S HNIUUR 6 Pad
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5. Visual Inspection {un1snsanaeudnuusvnanaiesiusiendesanssmisidses 30
i1 ieALgNABIYaY HGA LAl HGA fildrunisnsaadeuvnanasen Tudumeudasléniinau
lun1snsivaeu

6. Suspension Unload wianHuTunutuaudn 13sssnsaviinisiedeudy HGA
970 Boat Carrier TUgs BOLA Tray d1m§u nsvieuil BOLA (Back of line automation)

Tudhuves BOLA 1unsih HGA fiUssnsulaaud uminntsmaaeunana uasvageunisliiih
\onsrdeulszaninmues HGA urazsa an1fin1snsiaaeu HGA fviauun 6 annil fuandlugy

3.10

HGA Cleaning

N

Mechanical Test

Electrical Test

Auto Sort Station

Trans Pack

‘E‘Uﬁ 3.10 NSEUIUNIIHANVDY BOLA (Back of line automation)
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2 @

ufazaatau Sdusaunisaniunudd

1. Suspension Unload wdnruduneutmuauds nieednsesrinisiadeudie HGA
97N Boat Carrier g BOLA Tray d1m3u n1svineuil Back of line assembly (BOLA)

2. HGA Cleaning L8unn5814 HGA iilarfdndsanusniifnaguumth slider wagaudy quu
HGA Tianansadenalsl HGA Rrauidsmieidntios aulufislianunsoldels

3. Mechanical Test 9unau Mechanical Test Aennsin HGA lUia Alignment T#gnsaaniy
Spec 118990 HGA H1UUMANATEUILNATS Feamnsasinligusnaues HGA O o Lilonsany
\30ednsaevhin1sUuLAd Station (e

4. Electrical Test 18991nK1UN15USU Alignment a7 HGA asgnﬂwﬁ'ﬂm%a Electrical
Test tilevhnsmageunmslnily duneuiifudunoud @y mssdunssuunussdvBaimves HGA
iedunmsdndenmiuemilivnvaufurinauguowanius

5. Auto Sort Station %umuwgnﬁmwﬂaﬂu Bin A19 9 suUsEANBAINYE HGA Aadilel
Yuiinuadnsliludunounismaaeumdlii Fuauitiivssansamideaiu axgndnlulily Tray
LAefiu

6. Trans Pack 1un13t1 HGA aaussaina Lﬁﬂﬁaﬁa‘iﬁqﬂﬁﬁ dau HGA litiumsvaaey

nalninazgniauenad Tray au 9 ieudly test 8nAse e il iliiAnvewdsiiuduly

ASEUIUNTITHEN
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3.1.4.3 MsnmuAUIEaNSNINYae HGA

nanaaounlniidunisfiuayssansamaes HGA deyaifusiuazBuaimunuas
HGA wstazsa axgniudinlifignudeyavesudtv aunsafedoyaves HGA lasn1aidiou Query ru
TUsunsu Oracle SQL Developer uat export Foyalasldana .csv iftethuniinssideyariiu
TUsunsy Excel fogamtienslusunsu Oracle SQL Developer way Query fauanslugud 3.11

ol 1 v 1 i o a = a A
uay fegramhainalusunsy Excel Alddmiulalng csv fuandugud 3.12

 rot W SELECT Carrdon. ¢, CC.CATESORYCOUE AS PARENTCATECORTCOME Fham nm*
I CATrwmsor €€ OM CC. CATEGORTID » CNTEGONY, FARENTCATEGORTID

¥

AITCN, CATEGORTID = p_CATEOATID OB p_CATEGORTID 15 ML)
ARG, CATEGURYCEOE + p_CATEGORTCODE L 5 CATECORTCOOK 15 MALY
ATER , UIDESCUITION + p_UIDEICRITTION G  p_UIDEICRIFTION IS ML)
ATTCHN. MLICRIFTION « p_UESCRIFTION OR  p_DCSCRIFTION 13 Mal)
Armce, - p L L]
ATDoR, CEFAULTVALUE = p_MEFAVLTVALUE @R p DEPAVITYALVK 5§ MAL)
AT * Ll S ALy

aaa

8 veagers

a

i

an

f

QLAY

sERdsEasene
SLUUEUEES

i

gﬂﬁ 3.11 segramianelusunsy Oracle SQL Developer Wag Query

M- - 0l=

n Home Insert Page Layout Formulas Data Review View

E ?c"‘ Calibri S ANy = -E—j Ll 3 Wrap Text
43 Copy *
Paste o FormatPainter B J U- - O-A- EXE W L SdMerge & Cents
Clipboard . Font - Alignment
[ Odhrs, - EERPEVIATERRID o~ ) Y
(G B T c NGNS £ F ]G _H 1
CELL_ID SLA_EVENEQUIP_ID CARRIER_| CARRIER_ DOCK_NU Test_TIME FSA_LOT
2451.52C02U F-26A3  21-AUG-1{55A314 156 4 A 08-22-201: EBEIGMO
3 BJ70FGIMCWO9A3 21-AUG-1§55A312 I5V 108 08-22-201: EBEJIGMO
4 BJ70HAD3 CWO09A3 21-AUG-1{5SA312 HKM 8B 08-21-201: EBEJGMO
5 DJ70HLC6ICWO9A3 21-AUG-1iSSA312  ICL 68 08-21-201: EBEIGMO
6 DJ70KC3EICWO9A3 21-AUG-1i{S5A312 154 SA 08-21-201: EBEJIGM1
7 EL52HZBUID-74A3 21-AUG-1iSSA320 FR6 4B 08-21-2011 EBGIGMC
8 BJ70FH9H,CWO9A3 21-AUG-1i{S5A312 171 78 08-21-201: EBEJGMO
9 DJ70HLC2ICWO9A3 21-AUG-1{SSA312 HQX 6B 08-21-201: EBEJGMO
IU_DJTUI3GIBiCW09A3 21-AUG-1{55A312 172 2A 08-21-201: EBEJIGMO

SUTH 3.12 fhethatisadusunsy Excel Alddmsudalng csv

U

5=



1R8NNI IMUAYIEANTAINTBY HGA 221 TufIMuaAINIMLNEaLad HGA waasidliuunzay
Augnsafanuazn1sianu wanseanidu 2 Useuam Tauwn

1. HIUNISNSITEBU

3/

d w a ' ad aw
LAHNIUNTRTIVADU NITLAAINAYDY HGA zuaniluiiay 1 wan wumnu spec VI‘US‘L‘J’V]L{JUN

U

© P el e v ar = = o L3 1 ° ar
ATRURA LWBL{JuﬂﬁﬁﬂﬂLaﬂﬂ HGA'[‘Mmmsﬂmnwuﬂmmqmamamnm% WU Sort X iMu1zdIngu

e o v ow 1 i w a
gnsapannuuInALg Y TB 1usiu fet1ee Sort dauandluzun 3.13

" — e sae s w

428; - POGO_RE N-
428! Number Filters > | POGO_RE N-
428  [Search 2| |POGO_RE N-
428V} [ (select A 'POGO_RE N-
428; = POGO_RE N-
428 Cle POGO_RE N-
428, g ; 'POGO_RE N-
428; OF |POGO_RE N-
428 N |POGO_RE N-
ANO s TaT~Tal -1 - \|

= o & P J
UM 3.13 wadwsannisnaaeunielnily Auanaiu Sort sing q

2. ldriunsnsavdeu
P ' 1 i . <l
IBNIUANIATIVABY NITUANINATEY HGA azuanild 2 Uszaw Ao uanudu F (Fail) fe
HGA Ta 9 laiun1snsisaeunium spec Aidmun way N (Null) e HGA Tn  MiATasmaaeu

malillanansnsruaimdanisnaasunmalwild feg1inisuansdn Fuay N Asuanslugud

3.14
L, ' Y 4 A
428 . 'POGO_RE N-
428 Number Filters » ?POGO_RE N-
428 [Search ~ P||POGO_RE N-
a28(V] Clsslectal) — \POGO_RE N-
428 04 'POGO_RE N-
428; 116 POGO_RE N-
a28] FoA [POGO_RE N-
428; OOF | POGO_RE N-
428; -CIN | POGO_RE N-
ANQ InNeznN D al

sUT 3.14 wadnsannnsnaaaumslaiy Auanadu F wag N

U
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UINAINATAIUAANTY F hay N a1 8493 Error code Fan1s1imesdinsuswunanway
¥ 1 l:i = dy ﬁ‘d 1 A =
Founnivaiiniuuu HGA Afldndu F uaz N law Error Code fivsinglumisnsasiluniseduie

a =l = a at o ] a &
AUUAIAZANWYUEUVBIANUEYUIENINAUUM HGA #2984 Error Code Aduanslunisneg 3.1

A o _y s ]
A1 1N 3.1 A195UNY LAY aNyseaYed Error Code

Test Result Error Code

RW Short RSW
CTQ WRT _RES CWRR
CTQ_ISLTN (writer sort to heater (between W+ and HR)) cisL
Heater 1 Open (between HW and GND) HRO
Heater 1 Short (between HW and GND) HRS
Cold Heater 1 Resistance CHR
Hot Heater 1 Resistance PHP or HHR
CTQ_HTR_RES CHTR
Heater 2 Open (between HR and GND) H20 or HTO
Heater 2 Short (between HR and GND) H2S and HTS
Hot Heater 2 Resistance HT2
Cold Heater 2 Resistance CH2
CTQ_HTR_2 Res CHT2
CTQ ISLTN_FLAG (writer sort to GND (between W+ and GND)) CIsF
TA Open/Short Flag (Resistance) TAO

TA Short to GND (Resistance) TAS
HGA ISl Res FLG CRDL
Reader Open RHO
Reader Short 7 RHS
CTQ_RD_RES CRDR
Reader 2 Open (between R2+ and R2-) Co2
Reader 2 Short (between R2+ and R2-) Cs2
Cold Reader Open (readerl open (between R1+ and R1-)) RCO
Cold Reader Short (reader1 short (between R1+ and R1-)) RCS
Shunt Resistance Open SRO
Initial Resistance Short IRO
Shunt Resistance Short SRS
Initial Resistance Short IRS
Writer Open (between W+ and W-) WRO
Writer Short (between W+ and W-) WRS
Writer Resistance WRR

34



s 1 al A
§9Eg19n13u4ans Error code lulusunsy excel uananeguin 3.15

BK BL BM BN BO BP BQ
TMWI |~ |BUILD_| * | WORK_ ~ |JERR_CL-TJERR_CC ~ |ERR_CL v ERR_CL ~
PESSPMS4PESSPMS4POSPMS4LCRDR  CRDR ~ CRDR  CRDR
PESSPMS4 PESSPMS4 POSPMSAL CO2 co2
PESSPMS4 PESSPMS4 POSPMSAL CO2 co2 co2 co2
PESSPMS4 PESSPMS4POSPMS4LCRDL ~ CRDL  CRDL  CRDL
PESSPMS4 PESSPMS4POSPMS4LCRDR ~ CRDR  CRDR  CRDR
PESSM600 PESSM600 POSM60OLCRDL ~ CRDL ~ CRDL  CRDL
PESSPMS4PESSPMS4POSPMS4LCRDL  CRDL  CRDL  CRDL
PESSM600 PESSM600 POSM600L €S2 cs2 TAO TAO
PESSPMS4 PESSPMS4 POSPMS4L CO2 co2
PESSPMS4 PESSPMS4POSPMS4LCRDL ~ CRDL  CRDL  CRDL
PESSPMS4 PESSPMS4POSPMS4LCRDL ~ CRDL  CRDL  CRDL
PESSM600 PESSM600POSM600LCRDL ~ CRDL ~ CRDL  CRDL
PESSPMS4 PESSPMS4POSPMS4LCRDL ~ CRDL ~ CRDL - CRDL
PESSPMS4 PESSPMS4 POSPMS4L CO2 co2
PESSM600 PESSM600 POSM600LCRDR =~ CRDR ~ CRDR ~ CRDR

é s 1 A t 1
U7 3.15 f9874 Error Code MiUsnguumiitnnalusunsa Excel

3.2 mamuuadyniaina Null siia CO2

mMsUsTflunavesaensnanveuiEm Sim wmalulad (WUszndlve) uansiheanuivie
Sunupdinmainvends uaddsnsnainvesdeduidianannmuarussiudununsruiuns
iy NTIRNANNINYEINTEUIUNNTRERTINNSIAnveaEs T uantSnswandn (Yield) Faaunisi

8.1

= a a
; USUNeunananFNEUNISInEa Y
snsmandn (Yield) = — — (3.1
USinauvaenaenlalunisnadasu

= v w -
Mnnsisdayandeniinageunilniiaingudeyalagldlusunsy Oracle SQL Developer L#®
i 9 < i a v o ‘v o a
Unanaiuunliuns wuan ET Yield (Electrical Yield) vosw@nine M fauniui 26 diguieuy 2561

ud4 28 Ay 2561 annsananinnlafgun 3.16
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Yield by date

300000

250000
9%

200000

150000

100000
I | I o
® © CRl M mwgm g m®E B E® 0 YR & @ -
oo g o - ] o® ¢

a0

(TS ET_YLD

= a a | a o ¢
JU7 3.16 namlunlililanidnsmanan (Yield) v0Indndns M

v | I w a 3 & " @ 1e Al = = =
nnsmuanliiiiudnAdnsnande (Yield) Aaus AsuATURN 26 fiquisu 2561 Juis 28 davnA
2561 finThinan WivsgNUsranmsaray 99.0 en1IATITdRUMIANMR Jevin1sAsdeyain
gudeya vanisnaasunsliin @enwmizuansandu Null snvindu Sevay uwagyinduusud

N3 faududl 14 ee 2561 audieTud 28 Awnan 2561 Fagui 3.17

1.5% ERROR CODE BY DATE
1.0% 1] 1 &R [] CROL
- [J CRDR
| Co2
0.5% O HCE
[ CWRR
0.0% i ]:ﬂ
S T I S T T B TR, . T . . T I
s L \HS AR SRS SR A ol
S N S O ST A S SR AN, (A A G A A AR 4

JUT 3.17 nsmiuansdoeazue Error Code ved Jufl 14 @ammx 2561 aufiaTuil 28 Savnau 2561
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¥ A = ﬂ‘f! s o/ 1 v oW a ) - s L
nnswluansliiiin Null fiintu sudu 1-5 dawali Snsinandn (Yield) voewdniue M anad
waznefiunsuAnveundndmg M dagUumdeimuiuagyiinisuily Null 8udu 1 uaz 2 oy deu

v = a a = a ° YY)
HANNI uRnraulun1san Null #ia CO2 (Reader 2 open) Fadu Null Anusruausnnidudusu

2 YRINANNUN M

3.3 mafiufayaitethundnsesiamanisiia Null wia CO2
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