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## 4870602121 :MAJOR MECHANICAL ENGINEERING
KEY WORD: NATURAL GAS/ DUAL DIESEL FUEL / OIL ANALYSIS

PONGSATORN BORWORNSIN : THE STUDY OF USING NATURAL GAS IN A
DUAL FUEL DIESEL ENGINE. THESIS ADVISOR : ASSC. PROF. KANIT
WATTANAVICHIEN, Ph.D. , 389 pp.

The investigation is aimed o compare performance, smoke and durability of dual fuelled engine
with diesel engine, and effecis of dual fuelled engine's durability in real usage. The investigation is devided
into two pars.

First part, using the same model vans, is engine performance comparative test between dual
fuelled engine and diesel engine in a control condition, This part was devided into three parts.
1. Performance test on chassis dynamomater with constant speed and steady state conditions, at full load,
was found that brake power of Man using DDF is not different to van using diesel but some lest speeds van
using DDF has more brake power than van using diesel about 8.34%. Specific Total Energy Consumption
(STEC). exhaust gas temperature and smoke in van using DDF are higher than in van with diesel in full load.
At parl load, STEC, Exhaust gas temperaturé of van using DDF are higher than in van using diesel and
smoke of van using DOF is not differance from the van using diesel. 2. Constant speed Road test, it was
found that STEC, exhaust temperature, diesel censumption trand lo be increased as velocity were increased.
Energy consumption from van using DOF is higher than van using diesel ranging from 13.42-24.45%. Diesel
subslitute trends become decreasing as the velocities are increased. 3.Durability test for 40000 kms, by
driving one van following the othervan, it was found that energy consumption trends of both van are similar.
Average consumption from van using DDF and van using diesel is ranging between 4.85 and 4.04 MJ/km,
Exhaust smoke from a van using DDF is higher than a van using diesel. The result from lubrication monitoring
has shown that lube oil in 3 van-using DEF-had-higher exidalion-and-nilralion rate than van using diesel, but
metal wear contamination was not significantly observed.

Second part is about engine's durability monitoring of dual fuelled engine in real uses for
20000 kms. With a pickup truck, itwas found that fuel consumplion has constant trend but smoke is slightly
higher than an initia conditior, The results fromlubrication test has shown that lube oil had no abnormal in
wear contamination-and lube oil properties. For six DDF trailors, we found thal energy consumption trends
are also constant., Smoke is, however, increased as lube oil working hours are increased. The result from
lubrication, test \has shown ‘thal, with.longer sefvice hours, oil's viscosity is decreasing and copper
contamination is higher than abnormal due to the degradation of lube oil properties.

We can conclude that, with DDF, the higher energy consumption than using diesel the higher in
lubrication cil's thermal load that may caused oil's degradtion such as lower viscosity, higher oxidation and
nitration. However, these are not approached the level thal may affect the engine long term usage.
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;19799 2-1 AruaNTiRveuTe WA iag19[2],[3],[12]

Properties Gasoline | Diesel |Methane CNG Propane
1.Chemical Formula CH g | CH, g CH, C,1H,6005Ng 06 C,H,
2. Density, 15°C (kg/l) 0.72-0.78| 0.82-0.86 | 0.55 ~0.78 0.51
3. LHV, MJ/kg 44.0 42.5 50.0 ~33 46.4
4. Stoichiometric ratio, weight 14.6 14.5 17.2 11.6 15.67
5.0ctane number (ON)

- Research octane no.(RON)| 92-98 - >127 - 112

- Motor octane no.(MON) 80-90 - 122 ~128 97
6. Autoignition Temperature ("C) 370 254 650 537 470
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2.1.1.3 AMAINSAU (Heating value)
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Y - d e o 4 . . Y Y e
anwad lunsiarTeseus ludnasanauAressusias lutasnadulugnnsfen uwietlaf

pu Distillation MigefaavinifiamasszmeIdeensanysallufoamnng wiuafinamfodou

i
A

fiflqnidengeenaumnviflldanysafinldAansazansuilueiassuiuasifinszfundu us
atielsfina nelutag 350 °C fe 400 °C wazes Distilation Ansielewdeazilrniios gougi
Aindusallugs Sesazs0 (mid-boiling point) 10T OINAIR AT HAD 19T A LAUAe LU T84
Afulat TN INARENNTAALAZNNTNAN TR LT INAS Ay HdMILNMTATWINL cotane  index

ATHNIATIU ASTM D976

' ! '
= o

d1ui Distillation getsating mngmsl,uiﬂxﬂmﬂm 2-1 maﬂ@uﬂmma‘mmmemmvmu

LL@zﬂﬁ?ﬂuLﬂiﬂq luanuzidaudl Distillation mmﬂmﬂmugﬁquLLm‘EuumzLﬁummmmqmf?Tq,
o =2 dl dgl a o 2 1 L
AL LAZNNTANUTE LUAIRNNLEIRLNANTELUEEIN V]WIWﬂW?LNWVLMmN@Nu”?m

2.2.3 AMNRUILUU (Density)

D

o

1 d” a A & 1 dgj o
ANUUN LU LD TR INA IR WA Wit ssla il lunisUeTesAlsenay LAZATUANTITLS

!
A al

AUNUSALANTTOUE 1T ﬂE‘IAﬂ’]Wﬂ’]?’ﬁﬂﬁ?”Lﬂﬂ ﬂ’]ZN m?ﬂ?”mmmm‘wm ﬂm@ll‘]_l ANYILUNHN

D

1 LAz iN1eaAdy  UN9ASIDIALaRIAMETTLHLTuA Nt N YiFe AP gravity
1 dqj a Adl 2 aI/ 1 [ 4 1 d”
AYINMLNUULLEATRINAT IHAINnszLaunisnAus e Taetlszannuuansissialiil (6]
Straight-run distilled 805 - 870 kg/m3
Hydrocracked gas oil 815 — 840 kg/m3
Thermally cracked gas oil 835 — 875 kg/m’
Catalytically cracked gas oil 930 — 965 kg/m3

2.2.4 AuKUA (Viscosity)

1
-

mmuummwmimmuaﬂmmmmumumﬂum@w@ﬂmmLﬂummmm AN

a

41 ”q;mmLm@LwaqmLsn@Lummmnﬁuu%mﬁwmﬁiﬂmmmumquﬂmnj@mmewaq Tneanny

1 1 1 1 %
=K

Bt NENNYIUUNNAN HBAMNLARNIUYNNIIALI189T0RAATANAY, NINTTANITALNAS
waz NneaeaLled (spray penetration) fazanadlisiog  Tusnzisunnseananilionag

(droplet) lunjau Astiupdnumiinazinasia injection timing Nwxzandmiugissinanuay

1
%

o = dgl’ a dI agl/ = aa a 1 del a aa
AN mummmmﬂm@wuﬂ UBNAINUANNNLARZLANENAFDLUTUIULBITDLNAINAAAIE
di/ a A o = 3 a A dl v % 1 oA
mewmmme@:umimuum@mzwum@u wALUIaIAMNUHALNe T lad8ng

11829900V AININND A INFLNIRALATEST I BUALEINNN TN UUARAIINULAAGALND
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[ %

Unflasnisgoyidannasngungigesag lasainuindimainasiamnuuiinauiniiulilas

M nanaaesalsdanafiull dazinliAaniadonfiudsiewnlndvinligodanidees

LATRIEILE L6

2.2.5 aaluawn (Pour Point)

o

a - d F SR . . v
anlnawm AaqaNgRAgaTemanatsatnmluald TnaenAawseliudog a9

v
%

n3intiuldis ASTM D97 Tnanmsgauediqaluamaesdszime ne inmualaansznsas

v 1

wiaaetiunvualidn qantdusaasiadiyalan aamn 10 esanaaideaiuesng
2.2.6 9auNan (Cloud Point)

@ = a0 & A a g o 8 o A o
f=gwmﬂLﬂumvmfemmqquummwLﬂj@meL‘mLﬂiﬂ,wm"nfmma‘immmumwﬁﬂm

q

Tinan1sgasiunlénsetinguls nnaesfaeds ASTM D2500
227 Qmﬂu‘lﬁmwdaﬁu (Lubricity)

AMUANTTANNIUAAUIB I @D INAIALTA TAINIINAABUALEAT high frequency
reciprocating rig (HFRR) A1#A5N13MAa81I189 CEC F-06-A-96 TNArnadaLAmaNiifin1svas

dl %’ o dl 1 = dl a Eo le 1 -dl o o o dgl a
aua9ndu Ietigann1s@anuganiinannnig K lududa un dusaniumenasine g
228 QN@NUMVI’QN“QNM’I‘H’ENL‘ﬂ’ﬂLW@\‘lﬂL‘ﬂ@

X a a o o =<
aNAdALIA a1allsznatnag heavy pariffinic hydrocarbons Gﬁ\‘is\lmﬁﬁ\lmmﬂ?ﬂum?
Ao o 1 a . v o o ~ ' P
AZALNANNTA LLTRLNAS Paraffins @5@5@N?QNWQﬂuLﬂu1°ﬂ(WaX) Lmﬂﬂﬂuﬁlumﬂ’]%mﬂu

= dJ o [ QI all (% a dgll a 1
Wweaane  dedwdudeanlidasnag naaialussuumamas luanunnuusiduwnasaasiloynlu

&
N1999Usn97] it IR se AR luss UL ImaLNG

2.2.9 LANUTNINURILTRLNAIALLR

ena o o =< X a A A = , !
AuantAnd1ATyUsznsnilsresi@onashe AnndEdasn wldlaauulassyngng
FIUIATZUINNTNAR N1F TN U IULATASEUE LAZNIINBFAIBIAZNAUITUNINNITA LT ALNA
= dld o o [ - % dl v 1
Araluszeazan lulpsiau waransdsznaunininsduiuasmlsznausdnazifaqdasasinaunn
TUN9LUIUNTADNANINABILTALINGY LHadanNadAlsenatna i Tdunarsnfa il

X o ~ Ly - = X 2 ~ oy a a
ASNBULTRLINAN ﬂ@iﬂmﬂﬂﬂmﬂummiﬂmmimummmuiwmmumu LINAUATENITETHENA
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Tdfaneadasiunnaineyyadasy ieauysddszaaslalnsanfuaunafdomu duazaiuien

sandaiueandiauianalifiineyys peroxide dvluntanduiuainnsaniljisenduluena

v
o o

laTasasuauaulnenisnilineyyadaszaaslalnsnisuauau waz hydroperoxide A%
nezuaunisn ndasligaaneldldfaases  ayyadascdsarnsnidumg 1
polymerization 8z Ufjfsenisnlndieneliifindanntininluianage Teainisnazas
o dlij a 2’/ (% A . . . dl . . |
99NFN IUTULLTR NG WUABUAANNEIAD chain  termination LA antioxidant wield 1l

Ufisengari llguandneinFayyadas:

4
=2 o o

ANANITRTRNT N A TuN s NI @R asnan lud i LA et AususTenruANSRen

a

n1afindjAsendausiaies 819 oxidation nARATMEIGATINELRIN1TAALRTEAae 91890

o

dudeutsngeanuilaavialiil 2 9tia  16un soluble gum @aifluwan nonvolatile  uaw
. dj o = 1 a o rdl o -dl dl

insoluble gum  wingniFanddunznen uazidunaninEindunsengaaenisdenann
eamanas luduiy nsneakaadnEniaenaniInlussuIda A ndunainliainnisga

Funldnsaq Lmzmmmmqmﬁwmmamﬁmq (gum) luszunqmsziiinuazinan A UUAUAN
o 1 til/ | a dln dgj a a o v dl o 1 <
mmﬂq;lmmimmummu a4l unIZAINATINITANAIALT AN U AT U vaaLE

1 2

e A oa oy my A 4 o - S
vaan Tuiulifunhganavidenannilgnugiias ludeuresiaaemaaiiemainasgniinly
dinasuarannuiendnais malndnannisannuienuarnisin Widusieileiuanasinli

a dl d” a a dl a a v
Lﬂmﬂﬂ’j‘L@@N@ﬂ’W‘W"ﬂﬂﬂLﬁ@LW@\‘IﬁL‘ﬁ]@‘ﬂi&lllL@ﬂﬂ?ﬂ’?WVl’]x‘]ﬂ')”mﬁ‘@u
2.2.10 Usunaunuzau (Sulphur Content)

as & o - % . ~ ol 2
Qﬁuuﬂummmmui@szmummm particulate matter (TPM) AMNLATANEURALTAAD

' |
o o o

A9 IR N AR LIAN N AN ZTUAT (<38a20.05 tastinvln) - 2eu919nszUaBn1TLen tugl
Auzdudoulvailwaemasgmuaswdu suphur  dioxide  (SO,)  @vdauningniaesg

Auanden NEee i ALNAFEINARINEN W llguaniazniaeinis SO, Nmaeazgniun

udlule@abanteaandiaumun uaziiinlu sulphur trioxide (SO,) anmailaldupiangeas

e SO I luantazle Tl avsineadediun nedfiseneneaanuieusinllgnisnasiaaes
° o = dl o o % o = '

araaansaninziuluainia Talesoudaruunlnaiuszniaaiazgniasuaanuiiiu

particulate matter

1
Ay o

UsrTamiaunasnizansesuninedwlud@anafEmana N12aan19AANTaY LunsHudn

a

! & 1
syfuiuziungaludamainldiiAnnsiansaunumugNgLUAT liners 284NITLUANGL N9

¥
o o [ =~

Anuzdun lFAANIIARNTa U BN AUTLAUNIN T UTRITALNAILAZANIIZN1TN191LUD

a

=
LATRNLIUFTIALIFIFY



12

Anuiuludszmalnadruinngaassiiuzduluaagninuunl3ae ¥a8a20.05 Tunis

o Y

HARTRWAIN NN Nz AUTaaNd 50 ppm uazifENn aromatic Fasazs InaFunms (Aunszy

' ¥
a a

o 1 o @ A v v . = =< 2
ANUTULTBLNANALTA class 1) @WLﬂuw%mﬂﬂmm'whydro—processmg NTULTIAUNTD

walulad hydro-processing Aiuanssaan’l
2.2.11 d3nnwazlsunin (Aromatics Content)

daudsznau aromatics  lwdamasaumadulymndrAminazaninlfinanislaas
particulate emission wiagglsfinid aromatics Adautqelun1I1aeaUIBUTANAY AITIUNNT

o o 1 aglj o v a o =3 = o ] a a
nnanansuaiazin ilindnsIn1sdnusatesluvinangat1alinLnG
2.2.12 dsunuduaznznau (Water and Sediment Content)

. Ml 1 AN » | v da ¥
13 @ NN ZNIERALIRANAN T ANALALEA LAVNA LadaNTUARULINAR LN E1NA
ARTTUINNITLIUNNTNAR UBNAINTUTINANAE9UDIN1TH U U 21NN ud e
[~3 o a -IE 9oj o < [J Y a a al al d‘y
n17unU11E9 N7nATRaIRT laInLaanI nen1RUIRIa9I AT KUANEE  N1TLRT A

a ¢ o

qauEEi IiAa Ty A ATY AL AT A TALANZOE BN ILLILITAINRY 111 RANN9ARWN
1énsas
all dal a A ! 1 a a ° a 1 a
penauinuludamasmadeulnaiiuetiuisdinaniia 1w atin, eunialans was
duazans undouauisniiluansdunagainnisdenan wresedAlssnaumawa s liades
o = a ai 1 %’ % %’ A ﬁ a
ULAZNIINILNN TN ANETTDYABTBIUINL-UN 1159 T9ANITOLNGY
penaugxnsonligniseasuldnsasluenuninue wastindstoaiuan1aznaaniili
Aatlyuniliasunannnisiansauuazauanse AT UALAZIZULAATAINGS N1TNARAL

N ud iU huaraznewin ldlngdanismies

2:2.13 am2ulu (Flash Point)

] (%
= )

A o Qd‘ OI dl a a v v ! o a
aanulnAenIsdnguuginAngagaTenasaiianisgniudldainunasnnidie
i ¥ ¥
dsznielnniglianiaziesdjimnishlduinsgiu  qaaulnilasinasedemaslunis

WATUAIUNITTURY, FUULUNITARAY UATN19923egUaTNEN
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2.3 waanmsidasunilasasAdszsnavsanuantawaznisin lnslaasdaiwas

[ %

dl s dal a a ] o 2% dp a dqj
nnsilasulilasasAlssnauuedmaInGId N@ﬁlﬂ@m@ﬂﬂﬁlLL@Xﬂ’]?LN’ﬂW@J“ﬂ@QLﬁ@LW@Q JU

AN DAY

AMANNNT G = X, G+ x, G, +.. +x, G, Wathu1ldnansunuFaumausAiay

¥
I~ a o

' [ a dld 3 ] o !
0AUNE (G) IBITANRINTNAN 2 THA NHAIALIZNALFANAY HATaLAHEIUTNA (x) LAy

¥
ANNENANNE (G) 1B9B9ALTYNLLARZFINNAREANNEANANIZITBLINAY A8dNT

|
lalasanfuauminaziAtannnwsdmzgs duiuanslalasafuauniansanu H/C tasasil
ANAYINTNANNIZEY AIUANANAUNITTIBIANHREE 817 N, 1Ay CO, 1l ANINONANIE

21849 CO, (G=1.52) gand11e4 N, (G=0.97)

Apaian135a

AINANN17IUN1TANUILUNT AR A ANIZRA INURdLT B INAIRNTHAN Le  chatilier's

modification of mixture law B9t

100
IF1 =
P P P
! +% A V
i AN

Tnel FL = limit of flammability of mixture
P, = wesifusuasdemasaiausn
P, = Wesidussatemdeiinfiaes
P = wesiduseademeiiag n

n

N, = limit of flammability Tl maInAElaLLN
N, = limit of flammability 1891 TALNASTUANADS
N, = limit of flammability TasiE@aiWaEng n
TpedanaIiENaNARe9AUsznauaa9a17 balasafuawmdn nlddnandanisfia
éll Aa o (22 = c 2] dl' o vl o [ % a dl
YAUTANRIANTHANUNNAY WNNATHAN DAL naUaadATIRALN IHUARNTANIIH A TN

AURANLN (Lean flammability limit) Viunaiw

ANANERL
dl a al 1 v 1
AMANNIT H = x,H, + xH, + .+ xH, WaNansufrauiauainuiausemning

\HaWRINTNAN 2 FHa wudnHnaanniAzdulua (x) wazA1ANieu (H) 1e9sAtlsenasls

o I 1 % d’j a o dld o ] £ a a
ATAIANDATAIMNTDUUBLTBLNAN Iﬂﬂ@’]ﬁ‘iﬂiﬂﬁ‘ﬂﬁ‘u@u%ﬂ’ﬂﬁlﬁ"}@ﬁu H/C Yag a1% awmulasin
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2N AT NANAMNFAUNIN MNNATNaNTasAsrnauaaanERasn lANAI NS a1 9d LN AN

I2IAN

8519149120 NARBITANAINN G 4]
Tunnsmunaainian lunisenludlianysalsamanasinguan 1 wdoaiFunns

winflasAlsznavaesansdsznavlalnsanfuau andusesld o, luainiaunduanssesu

|
A

A mFuniaialisaneendiadu (oxidation) widniufinmaesdeennuiniaialjisaiacl

ARLFNIUAINARINIFIERINTA AIUNINAITNANNNDIAUIENaLUAIRELRD L HANAL
v

A

v
anstsznaulalnsanfueuazidnsidouaeseiniasaime a1 teandnaaings

an91lsvnavlalnranfuaudny

Wobbe index
v o T a g\ g L. :
AnANANTUTITIdesAlsznaufnmaeNa N luTe AU Wobbe Index W91
CO, HilszAnsnalunisan Wobbe Index 197 N, {8329 AINAWILLUIEY CO, §9N37 193 N,

[4]

2.4 1ATRIEUAYASSLLIAA9ENISAR (Compression Ignition Engine)

nszuaunsenindaesesesauianssiindaanisdn armnznaillddn Euain @emas

! &
| A a A

2 Y v yd‘ o o o 1 ' s & v = ¥
Qﬂ'ﬂ@Lﬂﬁﬂ‘ﬂ\?LNWiMNVIﬂ@’]ﬂ@QW}Z@ﬂ (9% m%mmn@u@uamauumﬂu@ﬂ TN AINYNAALLN

Tiliuasiianusugennnidaduiularainasiazunnifluazesslasidngdenn nd wdaas

| A

semeatinmaiuarnaniuaIniAnagn e luN Iz U NAUTINA UMY HUAZANALES NAIATN

q

1
a

Huazifinnnsqaszilinteddamasuaze N ankaNiuludasdounausamalnle Weniswn
Y a 4%/ o % o a & 9 d? dl ] 4 dgj a ] dl A
Tudieau i lipousuuazguuginieg lufieanludgeau aeavdoalidemasludouiivae
] 95419 .3/ (" .
seimeiazNanNiuaInaalaiFanntw Aalmann s ludniianarsuusesiaiiiosaunseiis

dgl a dl = 7R 4 % ¥
demasngnandifewn dgnin daumun
2.4.1 szuunsenludaaaniasaunqnssiinaian1san

sruunan drearsessusiqassiindaanisdn wiveanidu 2 svuumiuniseenuuL

[ %

v v 491
e el satl
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2.4.1.1 sEUUAATRINRIIALIASS (Direct-Injection System, DI Systems)

a) RPNy 9 a v o= X a =
Wuszuundveannluduuudlaiaainan(open chamber) uazi@ainaRzN2n
e udlaenss sruU B THNUANLAZNANUIUTANAINNRALNENNDABN1INTZANE

dw a = o o 49/ a o -dl =< % o/ dl dl
AADALNAY LAZLWNENNARATUTLUNNTNANLTALNAINLAINIANLUNICAN ’Q\illﬂﬁ]‘ﬂ\‘i’ﬂ']ﬂﬂﬂ’]ﬂﬂ@’ﬂu‘l/l

2A9RNNIAEN N8 TUANTHANDN FeUURANIZAUFULATALUATUNA TN HANIF T LA

o

2.4.1.2 szuundaInaslaaaay ( Indirect-Injection System, IDI
Systems)
[ dl 2% U 1 [~ 1] A v L2 v
Lﬂm:uuwmLmﬁiwugﬂLLmLﬂu 2 491 Ae Hagun wsiaaeniin (pre-chamber)

1% Y o . X a = | o = [% 1% 1%
warHasu [duan (main-chamber)  Ingitainasazgnamncnun1sinadin il luiesun s

¥
v A

1 £ d} a £ ni/ a ! 4 ¥ o i’/
ANUUN m@:ﬂgmzmmmumimLﬂmemmqmumﬁﬁlumqLmiuumwmu nagaNTuLLl a0

¥ 1

IWazaruaanuINFaLuNn ananasasuliaianguuazien luidanasdouniaasa liay
q L1 L1}

v ¥ 1
AugANTzUIUNTNN I SZULIBMANNEA M FULATRNEWATUIALAN ANEITELIEY
L4 a o a 4 [
242 ‘]J‘é"]ﬂg:]ﬂ’]‘im“ll’ﬂﬂﬂﬁ’a‘l,ﬂ’lvl‘lﬂNﬂutﬂ‘iﬂﬁﬂum’iﬂ‘izL‘Uﬂﬂ')ﬂﬂ’l‘i‘ﬂﬂ

fnsnislananiInFan (Heat-Release  rate)  iduunannisdnAmyninunldedung
dsngnisainisinludanalunszuengy G9dnsnisdaesarnfauilinandseuiniiaed

Tamasilaasaanuirisianwalug - IasgId170 LN ILLN1N171998MIINTUaRAN

1% | 1 A ! Y a 1 & dlz’ a -dl PN ¥ 1
sauaaniilu 4 99 Aa TWANVTINITAATELLIA, TQQﬂ’Wﬁ‘LNWTViNﬂ.I@QLWﬂLW@QVIN@Ni’Jﬂ@HLL@’J, §IIN|

= ' !

nsun lulinacuaninenisnaNLazaeenfswn i fusazdesazgnacuanlnanszuaunIg

aa dd‘ ' o o 1 -dl a o 1 1% -dl &
NNAANAUAZLANNUANENNL mmugﬂm 2-2 LLZWNLLNHQNQM?’mW?ﬂ@@ﬂﬂ'ﬁ’m?ﬂulum?ﬂ\?ﬂum

Y o

LULRATRINAY AR (D) IPEATNIINABLNETUAAUNNTIN mimmqu

I 1 1 T I I T
s s
= 1 v -
el a1 umigainina i
£ shan e lwslasnmuinanlineuud
-2
=
= : v -
= Yumar mingnaugulasnswey
¥33n13
s iy
- SOI EOI wlmid -
* L1/ | [ | I L | La L
160, 170 180 190 200 210

yudemiss, oam
= o ! v = o=l =g o = X =
gﬂ‘V] 2-2 UAPNERIINNTLAREANTUIRILATANUAREATN [T ULRATaWA AR

meﬂmmﬂmiﬁﬁwmm [12]
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198191n199m9218m (Ignition delay, a-b)  ABEINTTUINNIIENAURATAINRS

] a %

(SO, Start of injection)dng i ludianiegaBusunanisn lngd

1
= o '

N7 e Tam AN Lanfunauan (Premixed combustion phase,
b-c) @ailudaaanrednisn i aeddalnasnudaNiuainAfuAawluta9angn

n3qaseiiin Geaziianisnludatnesanifouaznianny dsalidnsnisdans

y A
AN TRUIUTIHT A gagA

d9n19n IndinAsuANTaENI9[EaN (Mixing combustion phase, c-d) I8 TBINAS

wazan1AnHaNiunauuaagniNg dauuadns N1t dazgnacuaulnadns
a 4 .34' a o dl % £ IS al 49{

NNFNATBNANTNANIEUI NIRRT BN ANNTaNAz N T TnsaziAiNNg e

|
=2 { 2 A

wsianaaz lNgeDeAILINIAYAZ A AAILE BNIZLIAUNT N A Tiusiall]

gnan17un tmiandn (Late combustion phase, d-e) utaennislassmanuan
a da( o dlol 2 o dl 3| £ d” a d‘ A [~ v
nnauludnsnan ludsuzaenadn dedunisunludresaamasiivaantdnias
waziungwn s ludnuaaasinfiinnannismn g una N i ATun a1

v X
NUIU

Lo o = Wt - Aoy o
LL[;]ZQ']W?UGLH??JUU"&@Lm@LW@QIﬂﬂm?QLLUU M (?ZUUVIN‘M@QLNWiMNLLUUV@NiuQﬂQU)LL@g

sruLATamAdlngsa (IDI) Yuamns N1 a0enaNEaUALANNaINITULRATE NAS AR TIAY

Tugiln 2-3

I

n1sfn fisin

iR

s € luvu €

nIMHeuaIEh 1

NIFHEUATH

AIHEUTIUT

: . it ;
0 muphan A Q uh!:‘%]uuu B g sy C
s T
i - L k /;'. £
—w] e T sMRZEIm m i T
434987147 296191017 ¥3a1hau

Tumigasziiia

(n) (¥) (A)

dl o = d” a o ¥ dl o=
gﬂ% 2-3 LAPNEATINIRATRINALAZARIINNTINN I aadATasausALTA 3 LU [12]

(n) wansdnsNTn daasszuuanmamaslnanssn ldianuuuanag fnls

FATINAN

1 ¥

(1) h@AERIINITHN I UR9sTULRATNAITALATLLIL M NRALTDLNASLEN 1T

k3
(P) WAPNEMIINITLN IS IaessILRATmaIN A Ine e L LE LN Iusnawluany
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Tnaarnnisfnegduuuresniswnndsine  lAnisiauenalniegduuunisan

9

ANTHANLAZNNTLEN 18]

o

néAnylwereseusdimald 3 guuy Ae
a = dqj a % v a o dl a
- gluuu A Aeannisaadamaadn livunles lususinnannnends uaziia
NNTUANTUNVDULTRNAITLBINA N IR AFIUNANANUEN (Premix)
d” a dl o 1 Y A 1 dl
- gtluuy B @ewdsazliinneiinds nsuanludoaduneuasliiiiesainnis
FLMETBITONRIYNATA UFNAIAINN19AsziinNIgsEIEazsInilazazgnALANIALS AT
Y KX a 24 ¥ dl QI Q6 Yo A 4' o i/d” a < 49{ a
nadinDieiinaesingien (Waiiuguu)d WiuRaGeasin s mnasvimaizaau) uazaziianig
paN UL FANANLIaNTEAUTN AR
- gtuuy C @wew@sgnnazaellIndnune uazinisnasiinlugosandusily
TR9NTiaEnIuLL A IaAN13ansiinasiiAn sRaNTUaE ARty guluiy B
o o A - o X a = ' a X a
AmiuArTesauuuLRnamaslnenseazisuuumNguy A dousyuRamaInaS
Tramsquuy M tuaziigluutieugduny B uaz C msasdaelidnaniswn udludoausnlaiga
null dousruvRamamawULRnmaastaeaad dasaiinisaassiinavdl ndsaniuay

duntsnanaesgtluuy C

243 ANMNANNUEADIAILUSA AN UARNSTOUSURILATDILUA

|
¥ % A

windmefanAyMinaadasiuaussnuzasamiasausiiun asun, wedawn uas

brake specific fuel consumption

AAALTNUBLATENLUAAINATANAAS bR FNANNT

1o 2T, o
6000
Brake Fuel Conversion Efficiency
P
M, =——— (2-5)
Mt Quy
FRIINIRULADUTDINAIRNNZLLITN
m
bsfc = —- (2-6)
P

b

ANHAUSINALRALILTN ANWTULATANLIUE 4 4910 AR

bmep=4TT, /V, (2-7)
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Volumetric Efficiency
2m, x10°
My = (2-8)
600,;VyN

ANAGLLITN (KW)

Toedd P, =
T, = waadatugn (N-m)
bmep = Brake Mean Effective Pressure (kPa)
N = mmﬁf;@@mmm’émﬁuﬁ(rev/min)
V, = Displacement Volume (dm3)
Q, = mmm’f@ummﬁmwaq (kJ/kg)
rrif = FmmnsanilAeTanad (als)
m, = §m929017 AR NF (g/s)
Dai = mm‘mmLLuquQQWﬂﬁﬁﬁiu@Lﬁﬂm?lmﬂuﬁ(kg/m3)
bsfc = S A Ae Be AR NN LILaN (mg/J)
un = Brake Fuel Conversion Efficiency

AT (rad/s)

ANAITLLAARUUUAUY (road-load power, Pr) 1flun14aq
AN TUZ AN NAIUNIBAITNAITBS
AITULARDULILNUL

2.4.4 TNANARINIF L L UNISTULARAUS DL UALWA WL UL WIS AL
il . . ” .
NFEAINT M N9 TULAR DL

sneus I DU UL IE A LN AT TeRARNN
U . . £ [ ¥ o
a8 (rolling resistance) WAZLINATUBAINIANAIR (aerodynamic drag) NN

(2-9)

#1170 FRNNANNIT Al
Pr = (CRMvg +%paCDA\/SVZJSV

o

v 1
UANTUAIUNTNAZINAAINNLA AN

2.5 NISLRANANINURILATAIANS][13]

A = A =, 2 < o <
Waln191AaauNTesT U U lATUAI WM ANANE
49{ 1 | a dl A a Q’J o/ £ =
ulidnazniduanuidaaniuannnisaulnavdeanudaaniuuuunasda udazin1sanainu

= VX 1Y P = | 2 o a £ = o
Lmﬂﬂ‘V]quL‘Vi@qu@@ﬂﬂqﬁisﬂ@q?ﬁ@@@u sﬁﬁ@zm\jN@iﬁ@ﬂﬂiz'ﬁmﬁu?ﬂL'&ﬂ@‘ﬂqumq@\j LASAAAITH
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FUNAATUANNANNIARL AN WAGATINERINNYINUTIVR8TTHTA B9T095197E9ATANNTEAN
o 4 auy a2 o y .
usauazidaNan In e liidnlanean Bz 19N R NANINUASMIANANANTINNS
dl dl o % KX ¥ =2 =2 dl =2
@aNan niNeniINTLi 1y AsiesAnEnsulelssinnaesnisidenan nuaznalnesnisdn

v
nalnedanlsiatl

2.5.1 UsLinANuaInIsLRaNANIN

[ %

Usznnaa9n1aidananInenale AR uAn Uy 189N 190 Al
2.5.1.1 NMSEANEMNAINLIRT (Time dependent degradation)

anwuzaaensWlugn 24 uaselifiufsdnsuznia@asnanin (N9s8nusa
109949)  2e9TudugUnIninNszezIa N9 lEUN TaRuaN ITRA vieruInT09Tudou
wasuldfinanlfaanuudauss (Strength) wesudausenatafatanadliniuinanldanu waz

L% dl 1 (<3 a v A OI 1 1 ¥ < 3| dl ¥
QﬁVI’]ﬂLN@ﬂWﬂQ’\NLL‘H\‘]LLNNV’]’]@@@\‘I@‘Lﬂﬂ@ “raAINdIA1N17E I 9N ﬂ”ﬂtLﬂu’ﬂﬂVIL@uﬂ?’]W 2
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X o KX 45 ° ~ ol =
LAUUNIUTTAUNY sﬁﬂLﬂu@qﬁWﬂjug‘hu@:ﬁsﬂqigﬁ NIBLLANVNLARI NS

‘ rength .
,—ﬁ-gh—aﬁxh Failure
i

A
Stress

time

91N 2-4 NILAAINTRDNANINANHLIAN

2.5.1.2" NSLRBNANIWALNTUALLAAN (Time independent degradation)

Tunisi@ananinandigaludanenziiiilunisdngalaaladinaadesiudas
srazinanlferueaavidudasnaidus) Aduanaliiianisdigald (Nsdrgauuy “wu
o A o ” d} ddgj o Y o = = | o “ 1 | I ’
wiule”) aensfiliassiudndunsdiuen (neusniduiuunisdige “wuuresflupaslyl)
wingannnalugilin 25 aziudnendnsdausenineAianuisussiansanisyldeuas
Fandn “tladaminutlaansde” (Safety Factor : SF) lagsialdddanseanuuudniiuualdian

) oA Ao y A o A ao A a A o
y1nnan 1 V]’]ﬂLLW'J']LN@I@VINﬂ’]?I‘ﬁLﬂ?ﬂ\?@ﬂ?N@Qﬁ NTANNTINANITENTCINNNTATRA (Shock or
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v
a a

dl a a A ¥ dl [ ada @ o L4 dl o 1 !
Impact load) ‘wfm@mmmnfq‘umu@m@lmmmqmmm% fagnlinnsennsenfadugau

o

pananastugeninauliussauiuatauuiuseresian auinlidannuniszaenanalalsd

q

wazifiannsdngavzauaniin  lunge

Failures

el

v
F a3

time
91 2-5 naaludasnisi@anan Wi llauiunan

AnyiNaasiade Aa N13T19AMTANITIAANANINAINIIAT (Time  dependent)
dnazifandasiunis@nuse (Wear) daunisdagauuuliauiuman (Time independent) ag
dl 9 o o o =S o d‘a o % % v al 1 1
Maadasiunisuanin  lunistlesiunisdnusasnduniaqnstingeinusiasdnladanaudn

= Z = o A & = . , v
nMsANUIRTesTUAIUATasANIHgLLLLVTaNalNNN9ANYee (Wear mechanisms) atinelating
wdaRsarNfTanakuIn1aiunsiunislesdunisidenananld naunansgIufu
gRAMNITNIBNUsEInAla s TuMNILIAY 50320 (DIN 50320) dailuisaniuiudiuianaln

nsdnusa letiamunzan 4 glunnssgtn 2-6
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i ] parin o - -
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&
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A, DA LONTTRMM B0 I Lslinen 3 ’Ir'l.l.rll'l'.'..ﬂ'lilu".m...uu:\ L]
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252 n1gan LLuﬂﬂ@‘lﬂﬂW%‘ﬁﬂﬁ%"fJ

AauNaznaananalnnns@nnsa (Wear mechanisms)  azaiunalnedaildn ez

=X a = d? :j/ dld ¥ 1 dl o A Q’l 1 dl o ] a =

win lRuiAN1sANUseTY 719 7 NHUAULEdIRTaIANIvTaT A WATENANT LAY TAANITAN
wsananz i la ldenliinssiirananudu (Stress)  Ainniulindneimnuudaussesdag
(Strength) 4iAe AranseanuuyldiiATladaANUaenTe (ANLTIUTI/ATNIAL>1T) WA
AATINETUAIUAEIANUIAUATWANINATNIZEZI08T EHANANTnasualARe N1snamIng

) 1 v v
ARNLULAIUIUAIAINNLAL (Stress) 1578

v dl o
AATNLALS = LLINNINTINN

1
o o

v
NUNFULTINTEN

TaanNunFuLsansznan ldaziiunis ld A1 NN U LIan Iz NN NI UNTad A La
v 1

(Apparent area of contact) WATIATILAINUNTLLIIAINANIDELUUANYATIUIN WUHITWINUR

d9

= o 53 % s I o 1% 6 o I o Y a
ANNLITEL LATTUNNTEIANNUN AN S VWﬂWQWIM?%ﬁU"}@ﬂ’]ﬂLL@QNHHHH\?IN@’]NW?GVHIWLﬂ@

ANBELTRNHaAINa1n e Aenaaslugiln 2-7

(=3 v dl 1 % o %4 o P % a dl a d? a
@:Lmﬂ,mﬂm@mmm’mLmusLm::mua@mmLm ”‘\]ZVI’]I’MF]'MQWNLﬂu’QNVlLﬂﬂ‘ﬂullﬂ’]Q\‘l
WNAuAIANNLENUITIasian (Yield strength)  Taaniaanunau d AFUINNATNULNEIURIRY

1 v 1
NuNEaNiuIn “Asperities”  WainsdNAaUIRTRIUgATIAZTUNNIYAS TussALqaNIA

a ' <

= L 2 ad da A . =T
A® Asperities TINNUNLAN®] LACLHAAINNTZAINAATAITNLANLLTY Asperities mmu@mﬁﬂgﬂ/

' |
a

o ~AX L X a ~ = 4 A » A o
gUAR AT AU NTUAIUNARUL AT L HABNNNITAAD LN Asperities V]L'&ﬂgﬂi‘ﬂﬂﬂq'}ﬁ
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panaazgniaausnaanhl uwaznaglhiiilurslaveainnis@nusanieiuat luiidunasay
e Aniulddnazldnnseaviage Aavinliiianisdnusaians taasialilisnaiuisnaniun

nalnn1sannsalsilu 4 naln Aa

2521 nalnnisanusanuutinfn (Adhesive wear)

dunalnfifistuainnnsdnisiiaiuseiinfntiuaes Asperities  waziinnsan
o o d‘aéd‘ d‘a’l = dll dlu/ d‘Q za”dndll
1afaeen U1 e usE AN ATUN UL ENTUUINNIRARUN WUZANANNT “ENAA” 1T “Iiau
AAfW” 199 Asperities HiFaniugn “n19lTesifn’  (Cold-welded) An®ULANTAANITANUTE
wuuEinmnuanglugiln 2-8
Tnananupeeliinansdnusenungnsa e a1suasauianuuilatas

null nszilangannnifuliauansuaaaniuldlivaaldausoanaulil
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LFH-l.m-'IL’-’i."II"IFI l'!am*:'iﬂ

\\“iiii*\\\
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gﬂﬁ 2-8 meﬁﬂwmzmi?ﬁﬂm@Lmuﬁmﬁm

a

2522 msﬁnmmwugmm (Abrasive wear)

unnsdnusaninaauainnsniiedan gniweueen llainnisgnysaniaasans

<

flﬂ'J’WNLL?I\‘i’&\‘i‘N’]ﬂ i rﬂu@::@m WAnTIE ranInwegs UG AanEoizeani1sanvselszinm

Sb.

o/

fRagLi 2-9 masslfiAanisdnusadszianil Ae meldansvsaauiiandsn LS ST AL AT

ﬁhw

o

AN AT (Hardness) wansnafusnninulyl
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dalisinudililuaea i
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2.5.2.3 NSANVWFAAINNISAIAA2DIERA (Fatigue wear)

v
[ % a o %

o o o a = a o = y
Lﬂuﬂ’]?@meLLﬂzLﬂ@ﬁ‘@ﬂLLWﬂV?@M@‘NUHNQVUqQ@ﬁu’?mm‘ﬂmﬂqﬁ‘@’]mq N

Q

=Dhe

a

dl 1 : al [ | v % % = 49{
1HesNNANd RN uNNsLTWNee1 (Stress cycles) NNsdnsaaasianazilaniaindiu
HRUNIN WINTUINUFUNTZINENNI9AA (Compressive  stress)  138n1374 (Tensile stress)
=l 1 1 dJ 1 = a k2 o F 7N~ = o o o
Wesatinelaatramts uiaziilanafinnisdasalaianane nninisfuniszaduiulilun

FLUINNITNATUNIIAL H3BN13 LN T ULITINGN9eY a9vinegnazdanaliiadanugasan
aanlluazn1 19N sag ANUAUNAD MULRITUIIN ANHULNINANITAIFIANLLLUTINARA
nsHAandsnlugnnaaauuazniliinasesna (Dents)  AuURRTUIUNaULazIHalF9
1 1 [~ dl %’ o 1 dl v 1
WU 7 saenAazAee] wndnszateeanlthiluseaunn (Crack) Hasantunaaaudilleglu

v v v 1 !
708NATU | ATIUAIRTIA" waziialungulungasIuanslugly 2-10
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Siess nsors Crack forms
Fongi
Particie il

1. First,stresses at component 2. Then.small surface micro cracks
surface develop and lead to elastic develop and or just benneath the solid
deformation and plastic flow of material. surlace during component use,

Cracks and toulls conlesos
Répoahsd siress

Partices released

‘1’

3. The faults then join to form larger 4, surface material then breaks away.
voids undermining componant surface

911 2-10 UAPSANTHIUENITANWIDULILIANEY

2.5.2.4 nsannganuulfnsenlnsluwadl (Tribochemical reaction)

v
& A

:’/ = 1 =2 o A .
UWATNYNLIEN drn13anusanull ] naLl WIANARMRY (Fretting wear) a1n
o . . . = . M % Y o = .
49 Tribochemical reaction HNAMMNUNILLLAIAK AD NIINTUIUFAAINNTUAR (Tribo) LAY

Lﬁmmawqq@’mﬂﬁ'ﬁ?mmﬁ (Reaction) Tagiannzesinege “Uafseieendindy’ a1u13nesung

[ % | =

Inedne o annsfininsluiniineasuwandundesald azinaniliuznndesaldfnaiainng

' o a o

AnnsanuuEnRa (Adhesive)  tHaRN15LT911 aznlEUT It asaldin19indnw (Tribo)

'
o a b4 a K

v 1
nalfiAnAmuanaseqaiil muandaduiinaanfeuainniednd eaziantinnidusaigg

be

an <

Jisewadl (Catalyst)  Tnaminamanninaaufidusoedjizendiduiuy mezdunisivg

=

%
T~ a

WuWia (Surface area) MWeandiauluainia auisadnialfisen lddean elesdlsznay
NANAR WAUANUANAD WAEHUAN AINNERY AYINTY (W3 letnluanA) | dueandiauiazin
Wgfsemanduliiseresndindu Seazinldifnduatisman (Rusty wear powder) uaz
a [~3 = a % o 1) A = [~1 1 o Y Aa =

alumdnaziguanifedne o) fMuduazess e Hannuwdwsnlazuazasinliiianisane
(abrasive)  msvuFndasalinuniawinlidesalianruinasuaznunisellldlungaiay

o ¥ 1 1 ¥ a =2 a ti’ Y o | tﬂl ¥
1adrgall wenandaseliuda araazifianalnnis@nusesdadldiuman Wesuuuideuls

o, o o A

(Spline) uuuLTnaus wavRiauenaeduwLBandudanusaizey sy
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26 ®9VaaaY [13]

' '
| a o

asAdszneudaduntiiivdntsznisdnAtyreianvaeduae anuIdaaAnIu
(Reduces Friction) T9HMARADLIE9AD LTWNNTaANIANYUTE (Reduces Wear) UsenelAnadaniy
(Saves Power) anAaNEal (Reduces Heat) waziflunisdasliinadlaniinduisasiunised

1971 (Load-Carrying Lubricant Film)

1
o v A

9 oddo o LA o = | @ Ao v
‘wm‘wmmmymmmimmummuiﬂm N.) MUUINANDUZITUADLEUNUINIAITNTAY

aanlil (Carries Away Heat) ANEUdILTANNSAREUT 1) T fileilenTa (Sealing) flasriu
?Q'mml?ﬂL%’ﬁiﬂ@ﬁumuﬁmﬁ@uﬁ Win lunstieadansd A )tlesdun1siAnsauLazaixN
(Preventing Corrosion and Rust) 989R9F 1T TN \1.)'1um\1ﬂﬁ?ﬂiﬁ%ﬁwﬁﬁﬁhmim
freidatuwingulansednuasiiiasaininasvdeauimanzssdaiuieniy WaTAIATY R

Ao o o oA 'y o 1, . ° A o Ao
NAN QJQQQﬂuuﬂ@qq@qﬁ‘u@ﬂ@umﬂ\‘]Qﬂﬂ@ﬂLLUUImﬂN’]uTuﬂQQﬂq?Vm\‘l"lusﬂ@\‘]Lﬂﬁ‘ﬂ\‘]"\ﬂﬁiﬂﬂwu
al o i

A A =R A qvy A
NNTLRABNUNTAANNITE LL@zﬂ']ﬁ'@]ﬂalL@Elﬂm@ﬂﬂﬁ]‘ﬂ@ﬂ@qiﬁﬂ'ﬂ@uiﬂuﬂﬁmqﬂ
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2.6.1 AMANUANEIAT ] UDIAITUADAU

AUANTANAATYI89dNTuaedulsznausae AANULA 9aluam N1ssiesuniaie

aanTindu uiAuaNTANaziiiIna1aneluuddatllszneudag AUANTININANNIEA uay

AnANTR TUN9ARs U TN AR NT AT
2.6.1.1 ANUUA (Viscosity)

A NUBAgN WA NuNIa9Y “dunissiaumiusenisine”  daflunmais

'
o |

! v 1 1 v
wanidAyresdndunasau Senduvaeduliaiuainngnlunnssnuniunis aunnminlan

1 =

arfANUaNINWNGgY a1 uasanaqlddAANrTaTludLsUen YA INANNTD l AT

lua (Flowability) @4imeianizinduvasanilins@eniin: Avadnuviinazulsdasullniuan

A aX

guund BeA1guugigeAIANniinaziatiead wazA1ANaINnnlunsiuaazEsRau
ax A oy = o o = P - ]

Jansnldlunisdnanuniin lueamaaeriuAaglIEn 19NN FINLRIBIANTIENIN
UszimaniinIulneanusantasad ASTM (American Society for Testing and Materials) Qe
STLE (Society of Tribologists and Lubrication Engineers) autlaqiiuldiulaaiallumiag

dJ %’/ 1 431 [ % 1 = I a = a o
2184 Sl GNmm;_umuwugmmmmmmmmmwumluumﬂLﬁﬁumim (cSt.) nanunN 40 C
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2.6.1.2 NISAAAIWNISINARANTLATY (Oxidation resistance)
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4.1.51 WAUNARAUANSTOAULTOLUR Chassis Dynamometer
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(n)
g'ﬂﬁ 4-20 () ﬂ;mmuammzfgmmw@%ﬂga Chassis Dynamometer

(1) Remote Control 1%13U1/5UF9A1 Chassis Dynamometer
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A13197 4-2 LARNIIEAZBANINMATIATEY Chassis Dynamometer

FUEREGHT
Roller Diameter. 318 mm
Roller Weight 1100 kgs
Maximum Driving Speed 200 km/h
Maximum Brakeable Wheel Power 200 kW
Brake Wheel Power Resolution 0.1 kW
Measuring Accuracy 2%
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o ainsallfuanaauAuing (Pressure regulator)
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® FISULANNTETINTR (Valve Receptacle)
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o qinsalnanfinaiuain (Mixer)
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® NAIMAINNAY (Pressure Gauge)
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AMANTAN NN B UBINTHAN

AnsaNRrefinaa s ldanauaifvesaslssneuusazatintnanmun
A AU
1. vAREUlNA (mole fraction, x)
Hludnadauseudearuiulnaesanstsznauusazd21(N) Fuduaulnananus
298790aN (N) visailudnidauseudnspnududulaalussesarsdsznay (n) fupau
Fadulne T aUe9aN THANTI LA (n) BAZANNITONIANMNAHNUSTZUINLAHEIUNIANU

v dulNa le

2. dninluiana (Molecular weight, M)

sty lanaesAngRan i lgann
M = DM = XM XM+ XM
il Xy Xgpon X = T A E TaR e b [T L P N N A b ALY
3. AMANSAY (heating value, H)

nsAIANFeauIesiagNaN 11 bHan
H = 2xH =  XH+ XH o+ x H
TnapmuantiRuesingnanslun1sAnEt Ao Agessugnfvn lAaIna191euans

AnsaNRreaslseneulalnsansuauuaz g Auuandlum1I99 9-1

4. AnInan15Hn L (Flammability limit, FL)

% o

| dl 1 1 dgj a dl v a N v
Lﬂummqmmumwmmmﬂmmewmgmmm Q’&”IN’]?H‘V]’]ELWLﬂﬂﬂ’]ﬁ‘LN’]I‘M&ﬂ@

q
¥

Tnadaun12 11N 2A UM TR/ AANITAA TN URI T AL WAIATHAN Le chatilier's

o

¥
modification of mixture law AP

100
FL—Iy "‘Iy n +PV
FL, FL, T FL

el FL = limit of flammability of mixture
P, = wasidusueamainasaiinuen
P, = wefifusaasaamasainnans

£3 1
P = afiFusuamalnasTnaN n



FL, =

1

FL, =

2

FL, =

. . e dgl a a
limit of flammability ABILTRLNAITUALLTN

limit of flammability 209 TRWAITHANAR

limit of flammability 18 TRINATHAN N

F1379% N-1 uanRuaNtRvesansdszneulalnspsueuuazinaans [15]
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Higher Lower Lower Higher
heating heating | Flammability | Flammability
Molecular
Compound value, value, limit, limit,
Weight, M,
HHV LHV LFL HFL
Btu/ft) | Btuft) (%vol) (%vol)
Methane (CH,) 16.043 1012.0 911.2 5.0 15.0
Ethane (C,H,) 30.070 1772.9 1621.6 2.9 13.0
Propane (C,H,) 44.097 2523.0 2321.4 2.0 9.5
Isobutane
58.123 3260.1 3008.0 1.8 8.5
(i-C,H,p)
n-Butane
58.123 3269.6 3017.5 1.5 9.0
(n-C;H,,)
Isopentane
‘ 72.150 4009.4 3716.0 1.3 8.0
(i-CH,,)
n-Pentane
72.150 4018.5 3711.0 1.4 8.3
(n-C,H,,)
Hexanes (C,H,,) 86.177 4758.0 4405.0 1.1 77
Carbon dioxide
44.010 - - - -
(CO,)
Nitrogen (N,) 28.0134 - - - -

5. ARTIHIUBINIARADLTALNAINING 1]

! % dw a i// o | ¥ 173 ‘dl = dl
Tunnsaeaainufauainimainasiuaiuses U e NI AN NI NaN199

anellinesneiuazin liifinnisgoyidaatnianiiasarnnisn vl ldanysnd lunsiin

anARUTuAzi IguidannuFaududa (Sensible Heat) N9MsULEuNuANEABINNG
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8INIANNNEG ) Wee Stoichiometric vidadnsndauzataniasefitmiuiudadAynazin
Timaudanisunndnanysal
WasnunaNnIgn ndaesilny
CH, +20, =CO, +2H,0
ANNJ289 Avogadro  NA199108 AN N R UAT AN AR WA NN

UFnnauwiniu azdiauauliianawinii na1aae

1 moIecuIeCH4+2 moIecuIeSO2 =1 moIecuIeCOz+2 moleculesH20

1 volumeCH, +2 volumeO, =1 volumeCO, +2 volumesH,0O
(anuEIR g AnssaLiuintgAnAR)
Wasanasddsznayrasinguansluglaaslefidusiaaliunnsgeinllgnas
o del ! é/
AN A8

° o

z%mé*m%ﬂLwaqﬁ"wmm’wm';“Lmiuﬁ'ﬁ'mmyLmmif’ﬂummqﬁ 92 (fiasanenna
senausnaandiai 20.95 wlafifus Iaaifunss dinnnausasnisainIAag uiuLsay
L%faLwﬁ\aﬁ”ﬁm:ﬁfmumimﬂmf;fmﬁmmifa@n%mu@mﬁfm 100/20.95 114 UAAZLTNINTID
sendiauazimieniululnsawdn 378 Baams dalszneudluennis 4.78 Bunms i
PN CH, +20, +7.56N, =CO, +2H,0+7.56N,

CH, +9.55air = CO, 42H,0+7.56N,

AN9NN N-2 LAPNANNITNITLHA IS e matna AN

(4)

Stoichiometric

(3)

(1) 2) Stoichiometric
Air per unit
Gas Equation O, per unit
Volume of gas,
volume of gas

ma
CH, CH, +20, =CO, +2H,0 2.0 9.55
C,H, C,H, +30, =2C0, +3H,0 35 16.71
C,H, C,H, +50, =3C0, +4H,0 5.0 23.87
C,H,, C,H, +650, =4CO, +5H,0 6.5 31.03
CeH,, C.H, +80, =5C0, +6H,0 8.0 38.24

CH CH,, +9.50, =6CO, +7H,0 9.5 45.41
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wminTuanasedaoasingeas

Liss [16] lAnagauuasriinaudumiusszndneesmlsznauaaani

599NF U Motor octane number (MON) lugiaasannisidaidusiall

MON = a+CH,+ b+ CH.c+:CHyd-CH,+e-CO,+f-N,

CH,, C,Hg, C;H,, CH,, CO, N, = andouluavesaslssnauusasin
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d’ a o a Qr o £ (=1 dal a -&I
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AN3NT A-1 LAANTAYARINNIINARDL LAZHANITATUIUAINLATANEIUATN [UnLAEmaLaz NI UAIATINA LR M990 T ALY Chassis Dynamometerd]

ATNNLE? 60 km/h

Diesel CNG Total

Speed | Power Crted Pow m, Crted m, Density sfc FC m, sfc FC Energy Consum Cost n.

(km/h) (kW) (kW) glsec glsec (kg/ms) g/kW.h litres/100kms als g/kW.h kg/100km MJ/km (MJ/KW.h) baht/km %
60 8.8 8.96 | 1.39 1.41 837 | 565.66 10.09 - - - 3.59 24.04 2.52 | 14.97
60 12.6 12.83 | 1.65 1.68 837 | 470.42 12.02 . - - 4.28 19.99 3.01 | 18.01
(ﬂ;z:; 60 17.5 17.82 | 1.96 1.99 837 | 402.54 14.29 3 - - 5.08 17.11 3.57 | 21.04
60 22.6 2293 | 212 2.14 837 | 336.37 15.36 - - - 5.46 14.30 3.84 | 25.18
60 29 28.73 | 2.63 2.61 837 | 326.40 18.67 e - - 6.64 13.87 4.67 | 25.95
60 8.8 8.77 | 1.03 1.03 837 | 421.11 7.36 | 0.78 320.13 4.68 4.29 29.33 2.24 | 12.28
60 12.6 12.56 | 1.22 1.21 837 | 347.71 8.70 | 0.90 259.34 5.43 5.03 24.04 2.64 | 14.98
ﬂ(igssf 60 17.5 17.44 | 1.53 1.58 837 | 315.71 10.96 | 0.73 149.73 4.35 5.45 18.76 3.11 | 19.19
60 22.6 2243 | 1.76 1.75 837 | 280.94 12.55 | 1.06 170.03 6.36 6.73 18.01 3.68 | 19.99
60 31.3 31.13 | 2.27 2.26 837 | 261.24 16.19 | 0.69 79.78 414 7.24 13.95 4.40 | 25.80

€6l
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AN3NT A-1 LAANTAYARINNIINARDL LAZHANITATUIUAINLATANEIUATN [UnLAEmaLaz NI UAIATINA LR M990 T ALY Chassis Dynamometerd]

AN 60 km/h (5iR)

Speed Power Diesel Sub Oil T. ExT. VT W T- Air T. Tomo P Correction Factor Den Air
Smoke
(km/h) (kW) % (c) (c) (c) (‘) (c) (‘c) (mmHg) k a B (kg/m")
60 8.8 - 110 308 79 85 47 34 756.1 | 0.9846 | 0.9819 | 1.0027 1.14 0.06
60 12.6 - 112 345 82 88 46 34 756.1 | 0.9846 | 0.9819 | 1.0027 1.14 0.08
;ﬂ;izs:; 60 17.5 - 117 392 87 93 46 34 756.1 | 0.9846 | 0.9819 | 1.0027 1.14 0.06
60 22.6 - 122 410 90 96 45 33 756.0 | 0.9877 | 0.9855 | 1.0022 1.15 0.20
60 29 - 123 492 88 ) 40 27 756.4 | 1.0079 | 1.0093 | 0.9986 1.17 0.29
60 8.8 27.14 111 327 86 93 50 28 755.0 | 1.0027 | 1.0032 | 0.9995 1.16 0.06
60 12.6 27.66 126 416 102 109 43 28 755.0 | 1.0027 | 1.0032 | 0.9995 1.16 0.06
ﬂ(igssf 60 17.5 23.26 133 479 110 115 44 28 755.2 | 1.0030 | 1.0035 | 0.9995 1.16 0.02
60 22.6 18.30 133 522 106 ifoly 40 27 7556.2 | 1.0063 | 1.0075 | 0.9989 1.17 0.02
60 31.3 13.28 126 569 105 116 40 27.5 7556.2 | 1.0047 | 1.0055 | 0.9992 1.16 0.52

145)"




AN3NT A-2  LAANTAYARINNIINAGDL LAZHANITATUIUAINLATANEUATN [undLAEmaLaz NI UAIATINA LR M990 T ALY Chassis Dynamometerd]

ANNNLE? 70 km/h

195

Diesel CNG Total
Speed Power Crted Pow m, Crted m, | Density FC sfc m, sfc FC Energy Consum Cost n.
(km/h) (kW) (kW) g/sec glsec (kg/ms) litres/100kms g/kW.h als g/kW.h kg/100km MJ/km (MJ/KW.h) baht/km %
70 11.8 11.99 1.78 1.81 837 11.10 | 542.16 - - - 3.95 23.04 2.77 | 15.62
70 14.6 14.72 1.95 1.96 837 12.05 | 479.58 c - - 4.29 20.38 3.01 | 17.66
a5277
70 20.4 20.42 2.15 215 837 13.22 | 379.26 3 - - 4.70 16.12 3.30 | 22.33
(Diesel)
70 26.3 26.12 2.54 2.53 837 15.53 | 348.24 - - - 5.52 14.80 3.88 | 24.32
70 35 34.91 3.27 3.26 837 20.02 | 336.07 - - - 712 14.28 5.01 | 25.20
70 11.8 11.72 1.37 1.36 837 8.37 | 418.81 | 0.99 | 303.96 5.09 4.80 28.65 2.53 | 12.57
70 14.6 14.50 1.51 1.50 837 9.22 | 372.50 | 1.11 275.81 5.71 5.32 25.68 2.79 | 14.02
an9038
70 20.4 20.33 1.70 1.69 837 10.39 | 29943 | 1.15 | 204.48 5.94 5.82 20.03 3.10 | 17.98
(DDF)
70 26.3 26.21 1.88 1.87 837 11.52 | 257.51 | 1.14 155.89 5.84 6.18 16.51 3.38 | 21.81
70 35.4 35.28 2.72 2.71 837 16.65 | 276.47 | 1.12 114.33 5.76 7.98 15.83 4.65 | 22.74
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AN3NT A-2  LAANTAYARINNIINAGDL LAZHANITATUIUAINLATANEUATN [undLAEmaLaz NI UAIATINA LR M990 T ALY Chassis Dynamometerd]

AN 70 km/h (5ig)

196

Speed Power Diesel Sub Oil T. ExT. MVl Wo, T allinll Too P oo Correction Factor Den Air
Smoke
(km/h) (kw) % (c) (°c) (c) (‘) (‘c) (c) (mmHg) k a p (kg/m")
70 11.8 - 114 338 82 87 44 33 755.1 ] 0.9865 | 0.9841 | 1.0024 1.14 0.06
70 14.6 - 115 368 82 88 42 31 755 | 0.9928 | 0.9916 | 1.0013 1.15 0.08
?;ZZT) 70 20.4 - 120 375 84 90 41 29 754.8 | 0.9992 | 0.9990 | 1.0001 1.16 0.07
70 26.3 - 123 431 87 93 3¢ 27 7548 | 1.0058 | 1.0068 | 0.9990 1.17 0.02
70 35 - 126 546 92 I8 41 28 7546 | 1.0022 | 1.0026 | 0.9996 1.16 0.3
70 11.8 24.52 129 452 103 110 51 27 755 | 1.0061 | 1.0071 | 0.9989 1.17 0.06
70 14.6 23.53 131 421 107 115 43 27 755 | 1.0061 | 1.0071 | 0.9989 1.17 0
9(2;9;;8 70 20.4 21.39 136 487 109 116 41 28 75511 1.0029 | 1.0034 | 0.9995 1.16 0
70 26.3 25.80 136 484 109 116 42 28 75511 1.0029 | 1.0034 | 0.9995 1.16 0.02
70 35.4 16.86 125 595 105 115 41 28 75511 1.0029 | 1.0034 | 0.9995 1.16 0.82

961
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P99 A-3  UAAITRYARINNIINAARL WATHANIIATIIAINIATEEUAN I UAmaLas NI UAEATIN LN 89901 AL Chassis Dynamometerd

ANNLTY 80 km/h

197

Diesel CNG Total

Speed Power | Crted Pow m, Crted m, | Density FC sfc m, sfc FC Energy Consum Cost n,

(km/h) (kW) (kW) g/sec glsec (kg/ma) litres/100kms g/kW.h gls g/kW.h kg/100km MJ/km (MJ/KW.h) baht/km %
80 15.3 16.26 | 2.26 2.26 837 12.13 | 532.43 - - - 4.32 22.63 3.03 | 15.91
80 16.7 16.72 | 2.36 2.36 837 12.70 | 508.59 - - - 4.52 21.61 3.18 | 16.66
?;ZZZ) 80 23.4 2325 2.59 2.58 837 13.87 | 399.37 - - - 4.93 16.97 3.47 | 21.21
80 30.1 30.03 | 2.77 2.76 837 14.84 | 330.87 . - - 5.28 14.06 3.71 | 25.60
80 37.2 37.15 | 3.85 3.85 837 20.68 | 372.71 - - - 7.36 15.84 517 | 22.73
80 15.3 156.25 1.71 1.70 837 9.16 | 402.49 | 1.01 | 237.51 4.53 4.88 25.58 2.68 | 14.07
80 16.7 16.55 1.72 1.70 837 9.16 | 370.54 | 1.02 | 222.90 4.61 4.90 23.71 2.68 | 1519
ﬂ(iiff 80 23.4 23.19 1.97 1.96 837 10.52 | 303.82 | 1.72 | 266.59 7.73 6.50 22.43 3.29 | 16.05
80 30.1 30.05 | 217 2.17 837 11.67 | 260.10 | 1.61 | 192.44 7.23 6.73 17.92 3.53 | 20.08
80 39.4 39.20 | 3.15 3.14 837 16.89 | 288.49 | 2.50 | 229.50 11.24 1 10.02 20.45 5.18 | 17.60

/61



FN3NT A-3  LAANTAYARINNITNARBL LAZHANITATUIUAINLATANEUATN [UnsLAEmaLaz NI UAIATINA LR M990 T ALY Chassis Dynamometerd]

AN 80 km/h (5ig)

198

Speed Power Diesel Sub Oil T. ExT. MVl Wo, T allinll Too P oo Correction Factor Den Air
Smoke
(km/h) (kw) % (c) (°c) (c) (‘) (‘c) (c) (mmHg) k a p (kg/m")
80 16.3 - 118 403 82 87 39 28.0 7546 | 1.0022 | 1.0026 | 0.9996 1.16 0.14
80 16.7 - 120 418 84 89 40 29.0 7546 | 0.9989 | 0.9987 | 1.0002 1.16 0.14
?;ZZT) 80 23.4 - 123 427 84 90 37 27.0 7545 1.0054 | 1.0064 | 0.9991 1.17 0.02
80 30.1 - 129 465 90 a7 3¢ 28.0 75451 1.0021 | 1.0024 | 0.9996 1.16 0.08
80 37.2 - 130 578 93 102 40 28.5 755.0 | 1.0011 | 1.0013 | 0.9998 1.16 0.36
80 156.3 24.48 134 493 106 113 42 28.0 7552 1.0030 | 1.0035 | 0.9995 1.16 0.02
80 16.7 27.90 138 520 109 116 43 26.5 755.0 | 1.0078 | 1.0091 | 0.9987 1.17 0
9(2;9;;8 80 23.4 24.13 139 545 109 116 41 26.5 755.0 | 1.0078 | 1.0091 | 0.9987 1.17 0
80 30.1 21.32 135 556 108 116 45 28.5 75521 1.0013 | 1.0016 | 0.9998 1.16 0.06
80 39.4 18.34 131 632 106 116 42 27.5 755.0 | 1.0044 | 1.0052 | 0.9992 1.16 1.94
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ANINT A-4  LAANTAYARINNIINARDL LAZHANITATUIUAINLATANEIUAN UnslAEaaz NI uAIATINA LR M990 TR Chassis Dynamometerd]

ATNNLE? 90 km/h

199

Diesel CNG Total

Speed Power Crted Pow m, Crted m, | Density FC sfc m, sfc FC Energy Consum Cost n.

(km/h) (kW) (kW) g/sec glsec (kg/ms) litres/100kms g/kW.h als g/kW.h kg/100km MJ/km (MJ/KW.h) baht/km %
90 18.8 18.68 2.75 2.74 837 13.08 | 527.45 - - - 4.65 22.42 3.27 | 16.06
90 19.6 19.47 2.82 2.81 837 13.41 | 518.77 c - - 4.77 22.05 3.35 | 16.33
?;iSeZSZ) 90 26.3 26.13 3.10 3.09 837 14.76 | 425.42 3 - - 5.25 18.08 3.69 | 19.91
90 33.8 33.46 3.53 3.50 837 16.73 | 376.78 - - - 5.95 16.01 418 | 22.48
90 39.9 39.64 4.40 4.37 837 20.90 | 397.08 e - - 7.43 16.88 5.22 | 21.33
90 18.8 18.63 1.86 1.85 837 8.82 | 356.75 | 1.38 | 266.65 5.52 511 24.68 2.68 | 14.59
90 19.6 19.43 1.94 1.92 837 9.18 | 355.90 | 1.33 | 245.99 5.31 5.16 23.91 2.75 | 15.06
’ﬂ(Z;E;O:)B 90 26.3 26.22 2.32 2.32 837 11.08 | 318.26 | 1.28 | 175.15 5.10 5.76 19.78 3.20 | 18.20
90 33.8 33.69 2.55 2.55 837 1218 | 272.23 | 1.47 | 157.54 5.90 6.44 1719 3.55 | 20.94
90 41.5 41.29 3.46 3.45 837 16.47 | 300.50 | 2.57 | 223.90 10.27 9.53 20.76 499 | 17.34
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ANINT A-4  LAANTAYARINNIINARDL LAZHANITATUIUAINLATANEIUAN UnslAEaaz NI uAIATINA LR M990 TR Chassis Dynamometerd]

AN 90 km/h (Fig)

200

Speed Power Diesel Sub Oil T. ExT. MVl Wo, T allinll Too P oo Correction Factor Den Air
Smoke
(km/h) (kW) % (‘C) (°C) (C) (‘C) (‘C) (‘C) (mmHg) K a B (kg/m’)
90 18.8 - 123 432 84 90 37 27 754.6 | 1.0065 | 1.0065 | 0.9990 1.17 0.02
90 19.6 - 123 431 84 89 36 27 754.6 | 1.0065 | 1.0065 | 0.9990 1.17 0.02
215277
( ) 90 26.3 - 130 450 89 95 38 27 754.5 | 1.0054 | 1.0064 | 0.9991 1.17 0.06
Diesel
90 33.8 - 135 523 93 99 38 26 754.5 | 1.0088 | 1.0103 | 0.9985 1.17 0.08
90 39.9 - 135 601 94 101 39 27 754.6 | 1.0055 | 1.0065 | 0.9990 1.17 0.36
90 18.8 32.53 138 536 106 113 46 26.5 754.9 | 1.0076 | 1.0090 | 0.9987 1.17 0.02
90 19.6 31.56 140 525 109 115 41 26.5 754.9 | 1.0076 | 1.0090 | 0.9987 1.17 0.02
289038
( ) 90 26.3 24.96 140 584 108 116 46 28 755 | 1.0027 | 1.0032 | 0.9995 1.16 0.04
DDF
90 33.8 27.24 142 572 it faitls) 45 28 755 | 1.0027 | 1.0032 | 0.9995 1.16 0.06
90 415 21.17 136 654 105 117 42 27.5 754.9 | 1.0043 | 1.0050 | 0.9993 1.16 1.44

00¢
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FAN3NT A-5  LAANTAYARINNIINAGBL LAZHANITATUIUAINLATANEUAN [UnsLAEmaLaz NI uAIATINA LA M990 TR Chassis Dynamometerd]

ATNNLEY 100 km/h

Diesel CNG Total

Speed Power Crted Pow m, Crted m, | Density FC sfc m, sfc FC Energy Consum Cost n.

(km/h) (kW) (kW) g/sec glsec (kg/ms) litres/100kms g/kW.h als g/kW.h kg/100km MJ/km (MJ/KW.h) baht/km %
100 | 20.84 20.71 3.09 3.08 837 13.23 | 534.71 - - - 4.71 22.72 3.31 | 15.84
100 24.7 24.54 3.33 3.31 837 14.23 | 485.27 c - - 5.06 20.62 3.56 | 17.46
?;isest) 100 | 29.18 28.99 3.59 3.57 837 15.36 | 443.49 3 - - 5.46 18.85 3.84 | 19.10
100 | 37.52 37.86 4.33 4.37 837 18.78 | 415.13 - - - 6.68 17.64 4.69 | 20.40
100 41 41.35 4.64 4.68 837 20.11 | 407.17 e - - 7.16 17.30 5.03 | 20.80
100 | 20.84 20.78 2.11 2.1 837 9.07 | 365.44 1 1.50 | 259.31 5.39 5.15 24.79 2.73 | 14.52
100 24.7 24.62 2.38 2.37 837 10.21 | 346.92 | 1.68 | 244.89 6.03 5.78 23.49 3.06 | 15.33
Q(Z?S)B 100 | 29.18 29.03 2.51 2.50 837 10.75 | 309.80 | 2.22 | 275.78 8.01 6.68 23.01 3.37 | 15.64
100 | 37.52 37.33 3.05 3.04 837 13.06 | 292.71 | 2.10 | 202.48 7.56 7.34 19.67 3.91 | 18.30
100 40.9 40.93 3.87 3.87 837 16.66 | 340.67 | 1.17 | 102.97 4.21 7.43 18.15 452 | 19.83
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FAN3NT A-5  LAANTAYARINNIINAGBL LAZHANITATUIUAINLATANEUAN [UnsLAEmaLaz NI uAIATINA LA M990 TR Chassis Dynamometerd]

ALY 100 km/h (5ig)

Speed Power Diesel Sub Oil T. ExT. MVl Wo, T allinll Too P oo Correction Factor Den Air
Smoke
(km/h) (kw) % (c) (°c) (c) (‘) (‘c) (c) (mmHg) k a p (kg/m")
100 20.84 - 132 429 89 85 37 27 7546 | 1.0065 | 1.0065 | 0.9990 1.17 0.06
100 24.7 - 137 470 93 S0 39 27 7546 | 1.0065 | 1.0065 | 0.9990 1.17 0.08
?;ZZT) 100 29.18 - 139 507 97 103 39 27 7546 | 1.0065 | 1.0065 | 0.9990 1.17 0.02
100 37.52 - 140 512 97 193 42 31 754.7 1 0.9925 | 0.9911 | 1.0013 1.15 0.3
100 41 - 139 550 100 106 43 31 755 | 0.9928 | 0.9916 | 1.0013 1.15 0.48
100 20.84 31.42 140 554 106 115 45 28 7549 | 1.0026 | 1.0031 | 0.9995 1.16 0.02
100 24.7 28.26 140 576 110 118 43 28 7549 | 1.0026 | 1.0031 | 0.9995 1.16 0.02
9(2;9;;8 100 29.18 30.04 142 536 106 114 43 27.5 7549 | 1.0043 | 1.0050 | 0.9993 1.16 0.06
100 37.52 30.46 142 536 105 113 43 27.5 7549 1 1.0043 | 1.0050 | 0.9993 1.16 0.14
100 40.9 17.18 140 600 105 116 41 29 755 | 0.9994 | 0.9993 | 1.0001 1.16 54
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AN3NT A-6  LAANTAYAAINNIINARDLNAINIEIANT AN I ABNATIANIATEIUAT [N TuR T La st uRma TN AU 59 T8 5

Vehicle Fuel flow rate
E g I 't 0
= g velocity (sec/100 ml) Average temperature( C)
vs c
3 é water water
Gear (km/hr) 1 2 3 in out Eng oil | Ambient Fuel in tank intake manifold exhaust
1 4 60 73.30 72.73 73.02 54 82 104 28 21 39 226
2 4 70 55.80 56.93 55.28 60 81 107 28 25 37 263
©
(7]
g 3 4 80 43.88 44.07 4414 68 83 112 28 25 37 325
N~
~
% 4 5 60 81.50 81.57 81.86 47 81 99 28 20 42 218
@
5 5 70 63.48 63.16 63.68 57 82 105 29 25 41 257
6 5 80 50.94 50.29 50.54 63 82 109 28 26 38 298
8 4 60 104.80 | 104.48 | 104.50 56 81 103 26 20 38 263
9 4 70 78.29 78.31 78.21 69 82 108 29 25 43 340
[T
8 10 4 80 56.95 57.02 56.96 72 82 112 27 24 44 407
[0
[a2)
°og7 11 5 60 126.48 | 126.50 | 126.24 52 80 100 26 20 44 257
@&
12 5 70 89.90 90.04 89.90 58 81 103 26 22 40 296
13 5 80 66.17 66.00 66.16 65 82 107 26 24 40 373
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FN3NT A-6  LAANTAYARINNIINARBLNAYINIEIANN TUAN1IZWIAABNATIANLATRILIUAT LT TuR A L v TnsuRTa TaNAURN s 99T 5 (i)

204

Diesel
CNG
Vehicle Consumption
— 9] ) Diesel Consumption STEC %Subtitute
S € velocity PSuntu
=1 Distance Consumption
5 < (cc/sec) CNG
s
Average cc/km MJ/km km/litre litre/100km km kg kg/km MJ/km kg/100km MJ/km %
Gear (km/hr)
1 4 60 1.37 82.46 2.93 12.13 8.25 - - - - - 2.93 -
_ 2 4 70 1.80 93.26 3.32 10.72 9.33 - - - - - 3.32 -
[0]
(7]
g 3 4 80 2.27 102.63 3.65 9.74 10.26 - - - - - 3.65 -
N~
§ 4 5 60 1.22 73.61 2.62 13.58 7.36 - - - - - 2.62 -
(o
@
5 5 70 1.58 81.64 2.90 12.25 8.16 - - - - - 2.90 -
6 5 80 1.98 89.44 3,18 9.6 8.94 - - - - - 3.18 -
8 4 60 0.95 57.15 2.03 17.50 5.71 182 7.94 0.04 1.56 4.36 3.59 30.70
9 4 70 1.28 65.69 2.34 15.22 6.57 182 7.27 0.04 1.43 3.99 3.76 29.56
[T
8 10 4 80 1.76 78.98 2.81 12.66 7.90 182 8.48 0.05 1.66 4.66 4.47 23.05
[0
[a2)
§ 11 5 60 0.79 47.47 1.69 21.07 4.75 182 715 0.04 1.40 3.93 3.09 35.52
o]
12 5 70 1.1 57.44 2.04 17.41 5.74 182 6.93 0.04 1.36 3.81 3.40 29.64
13 5 80 1.51 68.07 242 14.69 6.81 182 7.84 0.04 1.54 4.31 3.96 23.89
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13197 A-7 LandayadaIN AU ABTWRIIE I NNNIRARINNANIT 191160 AN NN IUS DA LATNAN1TATUIIANLATARILET [F N TURA LA

Date ssuzmild /53121 Diesel Diesel Consumption Date ssuzmild /53121 Diesel Diesel Consumption
U U
kms litre km/litre | litre/lkm litre/100km MJ/km kms litre km/litre litre/km litre/100km MJ/km
21 Nov 06 361 33.13 10.50 0.10 9.52 3.39 | 4 Dec06 17851 165.91 8.63 0.12 11.59 412
22 Nov 06 1739 144.16 9.56 0.10 10.46 3.72 | 5Dec06 18736 109.61 8.07 0.12 12.39 4.41
23 Nov 06 2944 113.97 10.57 0.09 9.46 3.36 | 6 Dec06 19185 52.41 8.57 0.12 11.67 415
24 Nov 06 4211 160.76 7.88 0.13 12.69 4.51 7 Dec 06 20679 176.55 8.46 0.12 11.82 4.20
25 Nov 06 5390 129.65 9.09 0.1 11.00 3.91 8 Dec 06 22081 163.43 8.58 0.12 11.66 4.15
26 Nov 06 6800 160.54 8.78 0.11 11.39 4.05 | 9 Dec 06 23525 168.88 8.55 0.12 11.70 416
27 Nov 06 8179 154.57 8.92 0.1 11.21 3.99 | 10 Dec 06 24948 164.08 8.67 0.12 11.53 4.10
28 Nov 06 9542 151.58 8.99 0.11 11.12 3.96 | 11 Dec 06 26316 157.23 8.70 0.1 11.49 4.09
29 Nov 06 10902 152.63 8.91 0.11 11.22 3.99 | 12 Dec 06 27746 168.74 8.47 0.12 11.80 4.20
30 Nov 06 12284 150.59 9.18 0.11 10.90 3.88 | 13 Dec 06 28979 140.69 8.76 0.11 11.41 4.06
1 Dec 06 13731 163.51 8.85 0.1 11.30 4.02 | 14 Dec 06 29696 86.74 8.27 0.12 12.10 4.30
2 Dec 06 15155 157.02 9.07 0.1 11.03 3.92 |15 Dec 06 31133 165.84 8.66 0.12 11.54 4.1
3 Dec 06 16420 147.69 8.57 0.12 11.68 4.15 | 16 Dec 06 32311 147.37 7.99 0.13 12.51 4.45
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dl ¥ [ % Q’l A dgl a ' a Y ! ¥ o dl rdl 2/%/ o ]
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FrezNa b
Date 133104 Diesel Diesel Consumption

U

kms litre kml/litre litre/lkm litre/100km MJ/km
17 Dec 06 33687 163.10 8.44 0.12 11.85 4.22
18 Dec 06 34732 124.52 8.39 0.12 11.92 4.24
19 Dec 06 35989 142.36 8.83 0.1 11.33 4.03
20 Dec 06 37309 145.47 9.07 0.11 11.02 3.92
21 Dec 06 38510 134.33 8.94 0.11 11.18 3.98
22 Dec 06 39189 76.28 8.90 0.11 11.23 4.00
23 Dec 06 39813 67.71 9.22 0.11 10.85 3.86
24 Dec 06 40430 70.29 8.78 0.11 11.39 4.05
25 Dec 06 41208 85.36 | 0.1 10.97 3.90

90¢



13197 A-8 LanIdayadRIN AW ABITDWRIIZUINNNIRARINNANIT IH911AD AN NUNIWIUINE LATHANNTATUITUAINLATANEIUET |4

v
U UAATINAUR T8 ITNTR

207

sraznald Diesel Diesel CNG
Date U 5310 Diesel Consumption Sublitute | 4[F3ney CNG CNG Consumption STEC
kms litre km/litre | litre/km litre/100km MJ/km % kg km/kg | kg/km | kg/100km | MJ/km | MJ/km
22 Nov 06 1738 68.99 12.96 0.08 VAT 2) (5 26.24 40.86 | 21.88 | 0.05 4.57 1.63 4.38
23 Nov 06 3078 108.61 12.34 0.08 8.1 2.88 14.31 69.00 | 19.42 | 0.05 5.15 1.84 4.72
24 Nov 06 4212 92.62 12.24 0.08 8.17 2.91 35.63 60.26 | 18.82 | 0.05 5.31 1.90 4.80
25 Nov 06 5906 137.74 12.30 0.08 8.13 2.89 26.06 85.14 1 19.90 | 0.05 5.03 1.79 4.69
26 Nov 06 6805 76.22 11.79 0.08 8.48 3.02 25.53 52.82 | 17.02 | 0.06 588 | 2.10 5.11
27 Nov 06 8179 108.37 12.68 0.08 7.89 2.81 29.64 78.48 | 17.51 | 0.06 5.71 2.04 4.84
28 Nov 06 9545 102.31 13.35 0.07 7.49 2.66 32.66 74.56 | 18.32 | 0.05 5.46 1.95 4.61
29 Nov 06 10907 106.15 12.83 0.08 7.79 2.77 30.56 76.90 | 17.71 | 0.06 5.65 2.02 4.79
30 Nov 06 12292 105.69 13.10 0.08 aics | 29.96 78.05 | 17.75 | 0.06 564 | 2.01 4.73
1 Dec 06 13740 118.77 12.19 0.08 8.20 2.92 27.42 80.98 | 17.88 | 0.06 559 | 2.00 4.91
2 Dec 06 15128 107.37 12.93 0.08 7.74 2.75 29.85 76.80 | 18.07 | 0.06 5.53 1.98 4.73
3 Dec 06 16435 101.17 12.92 0.08 7.74 2.75 33.70 7641 1717 | 0.06 5.82 2.08 4.83
4 Dec 06 17869 110.36 12.99 0.08 7.70 2.74 33.62 83.37 | 17.20 | 0.06 5.81 2.08 4.81
6 Dec 06 19105 106.72 11.58 0.09 8.63 3.07 26.03 63.92 | 19.34 | 0.05 517 1.85 4.92
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sraznald Diesel Diesel CNG
Date U 5310 Diesel Consumption Sublitute | 4[F3ney CNG CNG Consumption STEC
kms litre km/litre | litre/km litre/100km MJ/km % kg km/kg | kg/km | kg/100km | MJ/km | MJ/km
7 Dec 06 20577 123.33 11.94 0.08 8.38 2.98 29.10 76.00 | 19.37 | 0.05 5.16 1.84 4.82
8 Dec 06 21962 120.83 11.46 0.09 8.72 3.10 25.16 70.89 | 19.54 | 0.05 512 1.83 4.93
9 Dec 06 23405 124.96 11.55 0.09 8.66 3.08 25.96 75.95 | 19.00 | 0.05 5.26 1.88 4.96
10 Dec 06 24828 124.27 11.45 0.09 8.73 3.11 24.26 73.94 | 19.25 | 0.05 5.20 1.85 4.96
11 Dec 06 25530 60.67 11.57 0.09 8.64 3.07 24.80 37.17 | 18.89 | 0.05 5.30 1.89 4.96
12 Dec 06 26961 125.34 11.42 0.09 8.76 Sy e 25.77 81.23 | 17.62 | 0.06 568 | 2.03 5.14
13 Dec 06 28395 123.50 11.61 0.09 8.61 3.06 24.52 77.60 | 18.48 | 0.05 5.41 1.93 5.00
14 Dec 06 29632 107.46 11.51 0.09 8.69 3109 28.19 68.46 | 18.07 | 0.06 5.53 1.98 5.07
15 Dec 06 31071 117.74 12.22 0.08 8.18 il 29.11 78.50 | 18.33 | 0.05 5.46 1.95 4.86
16 Dec 06 32242 97.27 12.04 0.08 8.31 2.95 33.60 65.19 | 17.96 | 0.06 5.57 1.99 4.94
17 Dec 06 33581 114.66 11.68 0.09 8.56 3.05 27.75 68.83 | 19.45 | 0.05 514 1.84 4.88
18 Dec 06 34730 96.98 11.85 0.08 8.44 3.00 29.17 64.99.| 17.68 | 0.06 566 | 2.02 5.02
19 Dec 06 35997 106.43 11.90 0.08 8.40 2.99 25.83 69.21 | 18.31 | 0.05 5.46 1.95 4.94
20 Dec 06 37309 105.80 12.40 0.08 8.06 2.87 26.83 71.30 | 18.40 | 0.05 5.43 1.94 4.81
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sraznald Diesel Diesel CNG

Date nu 151104 Diesel Consumption Subfitute | 3[33nq CNG CNG Consumption STEC
kms litre km/litre | litre/km litre/100km MJ/km % kg km/kg | kg/km | kg/100km | MJ/km | MJ/km

21 Dec 06 38511 100.39 11.97 0.08 8.35 2.97 25.33 62.54 | 19.22 | 0.05 5.20 1.86 4.83
22 Dec 06 39189 56.55 11.99 0.08 8.34 2.97 25.76 33.09 | 20.49 | 0.05 4.88 1.74 4.71
23 Dec 06 39820 49.92 12.64 0.08 7.91 2.81 27.09 33.93 | 18.60 | 0.05 5.38 1.92 4.73
24 Dec 06 40439 54.85 11.28 0.09 8.86 3.15 22.21 31.86 | 19.43 | 0.05 5.15 1.84 4.99
25 Dec 06 41217 60.67 12.82 0.08 7.80 2.77 28.92 39.76 | 19.57 | 0.05 511 1.82 4.60
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Vehicle FEHUTNNN | Intake Exh W.n | W.Out | lub | Amb Vehicle FLUASNIY | Intake Exh W.In | W.Out Amb

Date mileage | lHau T. T. T. T. i T. Pate mileage AR T. T. T. T. o T.

kms kms c’ c’ c’ c’ C 4 kms kms c’ c’ c’ c’ c’ c’
23 Nov 07 | 333548 2437 39 | 402 73 83 | 117 32 1 Dec 07 344158 13047 42 410 77 85 119 34
23 Nov 07 | 334168 3057 35 394 70 83 | 117 29 1 Dec 07 344861 13750 36 401 71 83 117 29
24 Nov 07 | 334754 3643 40 389 73 84 | 117 32 2 Dec Q7 345497 14386 40 384 75 84 119 33
24 Nov 07 | 335342 4231 35 387 70 83 | 116 28 2 Dec 07 346246 15135 36 379 71 83 118 28
25 Nov 07 | 335969 4858 41 392 75 84 | 117 33 3 Dec 07 346893 15782 40 390 75 84 118 32
25 Nov 07 | 336648 5537 35| 393 70 83 | 116 28 CRBIE 347560 16449 35 380 71 83 117 27
26 Nov 07 | 337301 6190 40 | 385 74 84 | 117 32 4 Dec 07 348289 17178 39 388 75 84 119 32
26 Nov 07 | 337931 6820 35| 398 70 83 | 116 28 4 Dec 07 348982 17871 36 414 72 83 118 28
27 Nov 07 | 338650 7539 41 392 75 84 | 117 2 5 Dec 07 349269 18158 38 385 74 83 119 30
27 Nov 07 | 339304 8193 36 | 391 71 84 | 117 29 5 Dec 07 349881 18770 35 388 72 84 120 28
28 Nov 07 | 340022 8911 40 | 385 74 83 | 118 32 6 Dec 07 350315 19204 38 369 73 84 119 30
28 Nov 07 | 340672 9561 35| 382 70 83 | 117 28 7 Dec 07 351112 20001 40 387 75 84 119 32
29 Nov 07 | 341385 10274 40 | 385 74 84 | 118 32 7 Dec 07 351810 20699 36 400 71 83 117 28
29 Nov 07 | 342032 10921 36 | 380 70 83 | 116 29 8 Dec 07 352510 21399 40 379 74 84 118 32
30 Nov Q7 | 342750 11639 40 | 352 73 83| 118 32 8 Dec 07 353211 22100 34 382 69 82 116 27
30 Nov Q7 | 343441 12330 35| 381 70 82| 117 28 9 Dec 07 353919 22808 39 374 74 84 118 32
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Vehicle TSN | Intake Exh W.In | W.Out lub | Amb Vehicle FTASNIY Intake Exh W.In | W.Out Amb

Date mileage | ldeu T. T. T. T. T. e gete mileage 1gu T. T. T. T. b T T.

kms kms c° c’ c’ c° " LT, kms kms c’ c’ c° c’ c’ c’
9 Dec 07 | 354656 23545 34 387 70 83 [ 117 27 | 17 Dec 07 364134 33023 34 389 71 83 118 27
10 Dec 07 | 355376 24265 39| 363 74 83 | 119 32 | 17 Dec 07 364819 33708 29 375 67 82 117 22
10 Dec 07 | 356105 24994 35| 385 71 83 | 119 28 | 18 Dec 07 365180 34069 34 366 69 83 117 27
11 Dec 07 | 356777 25666 39| 381 74 84 | 118 32 | 18 Dec 07 365864 34753 29 394 66 82 115 22
11 Dec 07 | 357465 26354 35| 379 71 83 | 118 28 | 19 Dec 07 366574 35463 36 373 70 83 117 27
12 Dec 07 | 358182 27071 40 | 356 74 83| 118 32119 Dec 07 367149 36038 31 357 66 82 117 23
12 Dec 07 | 358896 27785 35| 414 70 83 | 117 27 |--20-Dec.07 367816 36705 35 375 70 83 118 27
13 Dec 07 | 359615 28504 39| 354 74 84 | 119 32 | 20 Dec 07 368441 37330 30 350 66 82 117 22
13 Dec 07 | 360120 29009 34 | 376 70 83 | 119 27 | 21 Dec 07 369125 38014 34 362 71 83 118 26
14 Dec 07 | 360846 29735 37| 372 69 83 | 117 25| 21 Dec 07 369642 38531 27 377 62 82 114 19
15 Dec 07 | 361565 30454 38| 379 72 83 | 118 31| 22 Dec 07 370319 39208 34 359 70 82 117 26
15 Dec 07 | 362265 31154 32| 365 69 83| 118 25| 23 Dec 07 370943 39832 34 377 70 83 117 26
16 Dec 07 | 362721 31610 36 | 395 72 83 | 119 29" 24 Dec 07 371561 40450 33 372 69 83 118 26
16 Dec 07 | 363442 32331 30 | 414 67 83 | 117 23| 25Dec 07 372338 41227 34 358 70 83 118 26
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Vehicle | 7¢8en9 | Intake | Exh | Win | W.Out | lub | Amb Vehicle TN | Intake Exh | W.n | W.Out
pate mileage | ldeu T. T | T T. T, T, P mileage | deu T, T, T, T, o T | AMBT.
kms kms c° c° c° Ga Ca Gy kms kms c° c° c° c° c° c°

23 Nov 07 | 322401 2436 42 | 481 83 90 | 121 32 30 Nov 07 | 331611 11646 43 | 504 87 95 125 32
23 Nov 07 | 323021 3056 37 | 477 77 85 | 117 29 30 Nov 07 | 332303 | 12338 39 | 486 82 90 122 28
24 Nov 07 | 323608 3643 41 | 477 82 89 | 120 32 1 Dec 07 | 333021 13056 44 | 500 89 97 126 34
24 Nov 07 | 324197 4232 36 | 482 77 85 | 117 28 1 Dec 07 | 333726 | 13761 39| 512 84 93 123 29
25 Nov 07 | 324825 4860 42 | 475 83 90 | 122 33 2 Dec 07 | 334363 | 14398 44 | 495 88 97 126 33
25 Nov 07 | 325453 5488 37 | 497 79 87 |1 120 28 2Dec 07 | 335112 | 15147 38 | 496 82 92 123 28
26 Nov 07 | 326156 6191 42 | 494 84 92 | 124 32 3 Dec 07 | 335760 | 15795 43 | 494 88 96 126 32
26 Nov 07 | 326789 6824 39 | 497 81 87 1 120 28 3 Dec 07 | 336429 | 16464 37| 497 82 91 122 27
27 Nov 07 | 327510 7545 43 | 486 85 93 | 122 &3 4 Dec 07 | 3371589 | 17194 41 497 87 96 126 32
27 Nov 07 | 328158 8193 37 | 483 79 87 | 119 29 4 Dec 07 | 337854 | 17889 36 | 502 82 92 122 28
28 Nov 07 | 328879 8914 41 | 476 83 91 | 121 32 5Dec 07 |~338132 | 18167 40 | 480 86 96 125 30
28 Nov 07 | 329529 9564 38 | 481 80 88 | 119 28 6 Dec 07 | 338441 18476 40 | 486 60 78 116 30
29 Nov 07 | 330243 | 10278 41 | 483 84 92 | 122 32 6 Dec 07 | '339116 | 19151 35| 476 55 77 115 28
29 Nov 07 | 330892 10927 40| 490 81 89 | 119 29 7 Dec 07 | 339846 | 19881 41 481 63 79 115 32
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Vehicle | 32819 | Intake | Exh | W.n | W.Out | lub | Amb Vehicle | 7e8¢NN | Intake | Exh | W.n | W.Out
pate mieage | deu T. .| T T, — s mileage | dau T, T, T. T, o T | AMBT.
kms kms c° c° c° c° C. c’ kms kms c° c° c° c° c° c°
7 Dec 07 | 340543 | 20578 38 | 486 | 60 78 | 116 28 15 Dec 07 | 350357 | 30392 39| 464 65 79 116 31
8 Dec 07 | 341244 | 21279 41 | 470 | 64 79 | 115 32 15 Dec 07 | 351057 | 31092 33| 452 57 76 | 115 25
8 Dec 07 | 341946 | 21981 36 | 470 | 59 77| 115 27 16 Dec 07 | 351614 | 31649 38 | 463 63 791 116 29
9 Dec 07 | 342654 | 22689 41 | 477 | 66 79 | 116 32 16 Dec 07 | 352227 | 32262 32| 441 56 77| 115 23
9 Dec 07 | 343389 | 23424 36 | 477 | 59 77| 115 27 17 Dec 07 | 352920 | 32955 36 | 456 63 78 1 116 27
10 Dec 07 | 344110 | 24145 41 | 486 | 67 79 | 117 32 17 Dec 07 | 353586 | 33621 31 444 56 78 1 115 22
10 Dec 07 | 344840 | 24875 36 | 472 | 62 77 | 116 28 18 Dec 07 | 354032 | 34067 36 | 458 62 791 116 27
11 Dec 07 | 345534 | 25569 36 | 480 | 63 79 | 1@ 28 18 Dec 07 | 354715 | 34750 31 460 56 78 1 116 22
12 Dec 07 | 346250 | 26285 41 | 481 65 78 | 116 32 19 Dec 07 | 355425 | 35460 37 | 460 62 791 116 27
12 Dec 07 | 346965 | 27000 37 | 476 | 61 77 | 116 27 19 Dec 07 | 357001 37036 31 454 56 77| 115 23
13 Dec 07 | 347684 | 27719 41 | 483 | 66 79 |17 32 20 Dec 07 | 356669 | 36704 36 | 456 61 78 | 116 27
13 Dec 07 | 348400 | 28435 35| 468 | 60 77 115 27 20 Dec 07 | 357294 | 37329 30 | 442 54 77 114 22
14 Dec 07 | 348920 | 28955 40 | 479 | 65 79 | 117 31 21 Dec 07 | 357980 | 38015 35| 453 61 78 1 116 26
14 Dec 07 | 349637 | 29672 36 | 456 | 60 77| 115 25 21 Dec 07 | 358496 | 38531 27 | 429 | 48 76 | 114 19
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Vehicle | gza12m79 | Intake | Exh | Win | W.Out | lub | Amb
pate mileage | Tdeu T. T T. T. T. T.
kms kms c° | e o e | e

22 Dec 07 | 359174 | 39209 36 | 452 | 60 78 | 116 | 26

23 Dec 07 | 359806 | 39841 36 | 454 | 62 791116 | 26

24 Dec 07 | 360424 | 40459 36 | 465 | 62 79 1117 | 26

25 Dec 07 | 361202 | 41237 36 | 445 | 62 791116 | 26
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215277 (Diesel) a49038(DDF)
Vehicle sreizn 9l Bosch Smoke Vehicle seaizn9lde1u | Bosch Smoke
Date Date
mileage(kms) (kms) Number mileage(kms) (kms) Number
29 Nov 07 340672 9561 0.7 29 Nov 07 329529 9564 0.33
30 Nov 07 342032 10921 0.68 30 Nov 07 330892 10927 0.29
30 Nov 07 342750 11639 0.72 30 Nov 07 331611 11646 0.29
1 Dec 07 343441 12330 0.67 1 Dec 07 332303 12338 0.21
1 Dec 07 344158 13047 0.87 1 Dec 07 333021 13056 0.48
2 Dec 07 344861 13750 0.80 2 Dec 07 333726 13761 0.20
2 Dec 07 345497 14386 0.99 2 Dec 07 334363 14398 0.61
3 Dec 07 346246 15135 0.67 3 Dec 07 335112 15147 0.34
3 Dec 07 346893 16782 0.84 3 Dec 07 335760 15795 0.44
4 Dec 07 347560 16449 0.50 4 Dec 07 336429 16464 0.34
4 Dec 07 348289 17178 0.76 4 Dec 07 337159 17194 0.34
5 Dec 07 348982 17871 0.62 1 - - -
5 Dec 07 349269 18158 0.76 5 Dec 07 337854 17889 0.41
6 Dec 07 349881 18770 0.69 6 Dec 07 338132 18167 0.35
6 Dec 07 350315 19204 0.99 6 Dec 07 338441 18476 0.55
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ANEETTHING (51R)
215277(Diesel) Aa9038(DDF)
Vehicle EEATEA AR N Bosch Smoke Vehicle sragn e Bosch Smoke
Date Date
mileage(kms) (kms) Number mileage(kms) (kms) Number
7 Dec 07 350384 19273 0.61 7 Dec 07 339116 19151 0.41
7 Dec 07 351112 20001 0.93 7 Dec 07 339846 19881 0.37
8 Dec 07 351810 20699 0.83 8 Dec 07 340543 20578 0.34
8 Dec 07 352510 21399 0.64 8 Dec 07 341245 21280 0.33
9 Dec 07 353211 22100 0.50 9 Dec 07 341946 21981 0.49
9 Dec 07 353919 22808 0.78 10 Dec 07 343389 23424 0.39
10 Dec 07 354656 23545 0.78 10 Dec 07 344110 24145 0.25
10 Dec 07 355376 24265 0.98 11 Dec 07 344840 24875 0.40
11 Dec 07 356105 24994 0.63 12 Dec 07 345534 25569 0.27
11 Dec 07 356777 25666 0.81 12 Dec 07 346250 26285 0.46
12 Dec 07 357465 26354 0.73 13 Dec 07 346965 27000 0.42
12 Dec 07 358182 27071 0.85 13 Dec 07 347684 27719 0.55
13 Dec 07 358896 27785 0.40 14 Dec 07 348400 28435 0.43
13 Dec 07 359615 28504 0.96 14 Dec 07 348920 28955 0.30
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ANEETTHING (51R)
215277(Diesel) Aa9038(DDF)
Vehicle sreizn 9l Bosch Smoke Vehicle seaizn9lde1s | Bosch Smoke
Date Date
mileage(kms) (kms) Number mileage(kms) (kms) Number
15 Dec 07 360846 29735 0.83 15 Dec 07 349637 29672 0.19
15 Dec 07 361565 30454 0.74 15 Dec 07 350357 30392 0.35
16 Dec 07 362265 31154 0.80 16 Dec 07 351057 31092 0.18
16 Dec 07 362721 31610 0.62 16 Dec 07 351614 31649 0.27
17 Dec 07 363442 32331 0.62 17 Dec 07 3562227 32262 0.27
17 Dec 07 364137 33026 0.80 17 Dec 07 352920 32955 0.34
18 Dec 07 364819 33708 0.78 18 Dec 07 353586 33621 0.33
18 Dec 07 365180 34069 0.97 18 Dec 07 3564032 34067 0.37
19 Dec 07 365864 34753 0.77 19 Dec 07 354715 34750 0.37
19 Dec 07 366574 35463 0.99 19 Dec 07 355425 35460 0.47
20 Dec 07 367149 36038 0.61 20 Dec 07 356001 36036 0.21
20 Dec 07 367816 36705 0.69 | 20 Dec 07 356669 36704 0.33
21 Dec 07 368441 37330 0.87 | 21 Dec 07 357294 37329 0.23
21 Dec 07 369125 38014 0.51 21 Dec 07 357980 38015 0.27
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ANEETTHING (51R)
815277 (Diesel) 2a9038(DDF)
Vehicle sreznngldany Bosch Smoke Vehicle sregnnaldanss | Bosch Smoke
Date Date
mileage(kms) (kms) Number mileage(kms) (kms) Number
22 Dec 07 369642 38531 0.51 22 Dec 07 358496 38531 0.31
22 Dec 07 370370 39259 0.57 22 Dec 07 359174 39209 0.37
23 Dec 07 370943 39832 0.79 23 Dec 07 359806 39841 0.29
24 Dec 07 371561 40450 0.96 24 Dec 07 360424 40459 0.49
25 Dec 07 372338 41227 0.77 25 Dec 07 361202 41237 0.23
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Using Diesel Using Diesel
Date Vehicle gzeiznig e Date Vehicle sreiznialdanu
Litres km/litre litre/100km Litres km/litre litre/100km
mileage 371%(kms) mileage (kms)

19 Nov 06 226835 20.13 16 Jan 07 | 233051 6185 | 37.27 16.90 5.92
21 Nov 06 227050 184 | 18.12 11.87 8.43 18 Jan 07 | 233766 6900 | 50.31 14.21 7.04
22 Nov 06 227242 376 | 14.22 13.50 7.41 24 Jan 07 | 234229 7363 | 27.22 17.01 5.88
23 Nov 06 227567 701 | 22.65 14.35 6.97 28 Jan 07 | 234649 7783 | 23.61 17.79 5.62
24 Nov 06 227887 1021 | 20.14 15.89 6.29 2 Feb 07 | 235058 8192 | 25.73 15.90 6.29
29 Nov 06 228113 1247 | 16.26 13.90 7.19 4 Feb 07 | 235527 8661 | 27.18 17.26 5.80
30 Nov 06 228481 1615 | 25.28 14.56 6.87 14 Feb 07 | 235918 9052 | 26.05 15.01 6.66

1 Dec 06 228757 1891 | 15.73 17.55 5.70 21 Feb 07 | 236372 9506 | 26.51 17.13 5.84

4 Dec 06 229222 2356 | 28.26 16.45 6.08 28 Feb 07 | 237015 10149 | 43.61 14.74 6.78

7 Dec 06 229882 3016 | 38.41 1718 5.82 2 Mar 07 | 237444 10578 | 24.74 17.34 5.77
10 Dec 06 230240 3374 | 21.91 16.34 6.12 8 Mar 07 |.. 237931 11065 | 29.87 16.30 6.13
18 Dec 06 230648 3782 | 26.57 15.36 6.51 14 Mar 07 | 238255 11389 | 21.33 15.19 6.58
19 Dec 06 231237 4371 | 42.21 13.95 A7 21 Mar 07 | 238643 11777 | 23.04 16.84 5.94
28 Dec 06 231709 4843 | 30.85 15.30 6.54 30'Mar 07 | 239216 12350 | 35.66 16.07 6.22

4 Jan 07 232421 5555 | 39.06 18.23 5.49 3 Apr07 | 239592 12726 | 23.51 15.99 6.25
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Using Diesel Using Diesel
Date Vehicle gealzng g Date Vehicle sreizn 9l
Litres km/litre litre/100km Litres km/litre litre/100km
mileage 9711 (kms) mileage (kms)

9 Apr 07 239996 13130 | 26.01 15.53 6.44 4 Jun 07 243898 17032 | 43.68 17.51 5.71
12 Apr 07 240468 13602 | 25.57 18.46 5.42 9 Jun 07 244330 17464 | 24.47 17.65 5.66
16 Apr 07 240906 14040 | 25.68 17.06 5.86 11 Jun 07 244710 17844 | 21.57 17.62 5.68
21 Apr 07 241319 14453 | 25.98 15.90 6.29 13 Jun 07 245308 18442 | 32.36 18.48 5.41
30 Apr 07 241812 14946 | 32.75 15.05 6.64 19 Jun 07 245682 18816 | 23.99 15.59 6.41
12 May 07 242217 15351 | 26.05 15.55 6.43 20 Jun 07 246126 19260 | 24.84 17.87 5.59

24 May 07 242767 15901 | 32.75 16.79 5.95 21 Jun 07 246494 19628 | 23.47 15.68 6.38
27 May 07 243133 16267 | 21.76 16.82 5.95 24 Jun 07 247070 20204 | 34.68 16.61 6.02
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Using NGV Using NGV
Date Vehicle sraen e Date Vehicle EEAIEA IR Nl
mileage % (kms) kg km/kg kg/100km . ns) kg km/kg kg/100km

18 Nov 06 226551 N/A 4 Jan 07 232421 5555 | 13.79 | 25.24 3.96
21 Nov 06 227050 184 | 11.34 10 Jan 07 232725 5859 | 13.51 22.50 4.44
23 Nov 06 227567 701 7.38 | 70.05 1.43 16 Jan 07 233051 6185 | 11.89 | 27.42 3.65
24 Nov 06 227887 1021 | 11.82 27.07 3.69 17 Jan 07 233333 6467 8.49 33.22 3.01
29 Nov 06 228113 1247 | 1028 | 21.98 4.55 18 Jan 07 233766 6900 | 10.85 | 39.91 2.51
30 Nov 06 228481 1615 | 10.72 34.33 2294 19 Jan 07 234044 7178 | 10.58 26.28 3.81

3 Dec 06 228910 2044 | 10.36 41.41 2.41 26 Jan 07 234305 7439 | 10.76 24.26 4.12

4 Dec 06 229222 2356 | 11.61 26.87 3.72 28 Jan 07 234667 7801 | 13.81 26.21 3.81

5 Dec 06 229595 2729 | 11.18 33.36 3.00 30 Jan 07 234747 7881 5.92 13.51 7.40

7 Dec 06 229914 3048 | 10.83 | 29.46 339 30 Jan 07 235058 8192 9.16 | 33.95 2.95
10 Dec 06 230240 3374 | 14.34 22.73 4.40 3 Feb 07 235422 8556 | 12.04 30.23 3.31
18 Dec 06 230648 3782 | 14:.02 | 29.10 344 10 Feb 07 235789 8923 | 15.39 | 23.85 4.19
21 Dec 06 231409 4543 | 2342 | 32.49 3.08 17 Feb 07 236111 9245 | 12.58 | 25.60 3.91
28 Dec 06 231709 4843 | 18.31 22.54 4.44 21 Feb.07 236465 9599 | 1242 | 28.50 3.51

1Jan 07 232073 5207 11.21 32.47 3.08 26 Feb 07 236859 9993 | 15.13 | 26.04 3.84
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i/gcf o 1 o Y a ]
RN TURAEAFINALANGEITNTNR (FD)

Using NGV Using NGV
Date Vehicle seagn g Date Vehicle EEAIEA IR Nl
mileage % (kms) kg km/kg kg/100km e ans) kg km/kg kg/100km

28 Feb 07 237270 10404 | 15.38 26.72 3.74 14 May 07 242294 15428 | 11.04 30.71 3.26

5 Mar 07 237805 10939 | 15.91 33.63 2.97 19 May 07 242549 15683 | 12.51 20.38 4.9
14 Mar Q7 238243 11377 | 11.96 36.62 2.73 24 May 07 242859 15993 | 10.76 28.81 3.47
20 Mar 07 238393 11527 6.38 23.51 4.25 27 May 07 243133 16267 | 10.99 24.93 4.01
24 Mar 07 238732 11866 | 12.31 27.54 3.63 29 May 07 243375 16509 | 11.96 20.23 4.94
26 Mar 07 238974 12108 9.28 26.08 3.83 31 May 07 243662 16796 | 11.28 25.44 3.93

1 Apr Q7 239402 12536 | 11.05 38.73 2.58 4 Jun 07 243898 17032 | 10.85 21.75 4.60

6 Apr 07 239685 12819 | 11.21 25.25 3.96 6 Jun 07 244149 17283 9.41 26.67 3.75

9 Apr 07 239936 13070 | 14.24 17.63 B.Er 9 Jun 07 244330 17464 9.59 18.87 5.30
12 Apr 07 240282 13416 8.74 39.59 o 10 Jun 07 244609 17743 | 11.56 2413 4.14
13 Apr 07 240555 13689 | 10.91 25.02 4.00 13 Jun 07 244899 18033 9.42 30.79 3.25
16 Apr 07 240906 14040 | 10:19 34.45 290 15 Jun 07 245244 18378 | 11.33 30.45 3.28
24 Apr 07 241482 14616 | 10.68 53.93 1.85 16 Jun 07 245533 18667 | 11.64 24.83 4.03
27 Apr 07 241691 14825 | 10.88 19.21 5.21 19 Jun 07 245870 19004 | 13.52 24.93 4.01
5 May 07 241955 15089 | 14.51 18.19 5.50 20 Jun 07 246126 19260 8.88 28.83 3.47
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i/gcf o 1 o Y a ]
RN TURAEAFINALANGEITNTNR (FD)

Using NGV
Date Vehicle szeizn el
kg km/kg kg/100km
mileage 9714 (kms)
21 Jun 07 246460 19594 | 12.55 26.61 3.76
22 Jun 07 246759 19893 9.95 30.05 3.33
24 Jun 07 247070 20204 | 12.32 25.24 3.96
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Vehicle srezng e Bosch Smoke Vehicle EEATEA IR Bosch Smoke
Date Date
mileage(kms) (kms) Number mileage(kms) 91%(kms) Number
20 Nov 06 226866 0 6 Mar 07 237820 10954 0.09
24 Nov 06 227868 1002 22 Mar 07 238676 11810 0.19
1 Dec 06 228742 1876 0.12 9 Apr 07 239897 13031 0.07
6 Dec 06 229783 2917 0.04 23 Apr 07 241350 14484 0.14
18 Dec 06 230693 3827 0.06 9 May 07 242158 15292 0.12
2 Jan 07 232241 5375 0.08 | 24 May 07 242886 16020 0.1
15 Jan 07 233030 6164 0.09 1 Jun 07 243677 16811 0.10
18 Jan 07 233730 6864 0.05 11 Jun 07 244651 17785 0.12
29 Jan 07 234681 7815 0.08 18 Jun 07 245643 18777 0.09
13 Feb 07 235884 9018 0.09 25 Jun 07 247101 20235 0.1
26 Feb 07 236872 10006 0.05 - - - -
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F1319% A-15 uansdayagoimniaessoiaainneiden 70-0910 Waldindunma Wi 30 1.0.50

Date 30 Jan 07 977 4772 IYE a4
ﬁmﬁnmmn(ﬁu) 20 3.7 - -
Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W.0utT.(¢”) | Oil T.(c) | Amb T.(c®) | Speed(km/h) | UN1ELR
10.21 ICD
11.35 30 342 60 63 84 26 50 | nuuAELAWINOY
11.48 31 360 63 67 90 27 50 L%mqm-mm NH.19
11.51 33 332 62 66 91 26 40
11.54 33 380 62 66 91 26 50
12.06 31 381 65 67 93 26 50 | nu.25
31 385 64 67 92 25 50 | Nu.34
12.13 31 382 64 67 93 25 55
12.15 31 394 64 67 93 25 55 | nu.41
12.19 32 378 60 68 93 25 43 | Nu.46
12.24 32 382 65 68 93 25 55 | nu.49
12.31 34 380 67 68 94 26
12.39 40 360 67 70 93 33 20 | mefuniianden
13.51 ynFauraNaLl
19.05 30 423 65 69 9 27 | 40 LUNUN-RINA NU.54
19.52 i1 IcD
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F1319% A-16 uanITayAgnINAN 3¥dNNNIRARNKANIT B ANNUNIHIBNTIRI A NNZITIE 70-0910 FUW 10 N.N.50

Date 10 Feb 07 PRTE 472 97713 974
ﬁmﬁnmmn(ﬁu) 21 37| - -
Time Intake T.(c) Exh T.(c") W.in T.(c?) W. Out T.(c") Ol T.(c°) | Amb T.(c”) | Speed(km/h) | Mu1ELUR
15.37 40 385 74 78 98 31 50 | NN.19
15.40 40 363 74 79 97 31 40 | Nu.21
15.44 39 371 78 77 98 31 55 | nu.24
15.47 40 413 74 78 99 31 60 | nu.27
16.00 35 409 74 78 98 31 50 | n¥.39
16.03 39 406 75 78 99 31 nu.42
16.05 39 434 75 78 100 29 60 | Nu.44
16.09 38 402 73 77 98 28 60 | Nu.47
16.11 37 437 73 77 100 27 65 | Nu.49
16.12 36 420 71 76 99 28 63 | Nu.51
16.24 dhouuwdneflesrayd
16.50 37 434 71 75 100 29 63 | naunnatuenden
16.53 38 453 73 76 100 29 10 | neduntiandan
17.52 FauraNaLls
19.43 31 354 72 61 88 25 nu.53
19.45 31 353 74 61 88 25 Nu.51

226

9¢¢c



F1137°9% A-16 uanItayAgINNN 3¥UINNNIRARNKANIT B ANNUNINIBITIRD A NN e 70-0910 UW 10 N.W.50 (sia)

Time Intake T.(c) Exh T.(c") W.in T.(c") W.OutT.(c”) | Qil T.(c?) | Amb T.(c”) | Speed(km/h) | UN1ELR)
19.48 31 360 76 61 86 25 nu.48
19.52 31 351 73 62 87 25 nu.44
19.57 31 325 74 61 85 26 nu.38
20.00 31 350 71 62 86 25 50 | NX.36
20.03 31 352 78 61 86 25 60 | Nu.34
20.05 31 328 70 62 85 25 50 | Nu.32
20.07 31 330 70 62 86 26 58 | na.30
20.09 31 310 73 62 84 25 nu.28
20.12 31 330 71 62 85 25 50 | N¥.26
20.15 32 350 71 62 86 25 60 | Nu.23
20.17 31 354 71 62 86 26 60 | Nu.21
20.19 32 359 73 62 87 26 68 | Nu.18
20.22 31 361 72 62 88 26 70 | NN.16
20.53 141 ICD
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F13°9% A-17 uanstayagnan) s¥udNNNIRARNEANIT B ANNUNIHIBITIRI A NN e 70-0910 UW 11 N.N.50

Date 11 Feb 07 9771 4772 Y a4
ﬁwﬁnmmﬂ(ﬁu) 9.3 4.6 27.3 3.7

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c") W. Out T.(c?) [ Qil T.(c°) | AmbT.(c°) | Speed(km/h) | uELYR
10.07 ICD
10.33 32 372 65 67 89 27 55 | nu.17
10.36 32 382 65 67 92 27 63 | Nu.20
10.39 32 378 64 66 92 27 nu.23
10.41 31 374 64 66 92 27 60 | Nu.25
10.43 32 369 63 66 92 27 60 | nu.27
10.45 32 340 63 65 90 27 50 | na.29
10.49 32 349 63 65 90 27 55 | na.32
10.51 32 360 63 65 90 27 60 | Nu.34
10.53 32 330 63 65 88 28 49 | NX.36
10.58 32 362 64 66 90 28 60 | Nx.40
10.59 32 358 64 66 90 28 60 | Nu.42
11.02 32 384 64 66 91 27 65 | nu.44
11.05 32 374 64 66 91 28 60 | Nu.47
11.07 32 372 64 66 91 28 60 | nNu.49
11.09 32 350 64 66 91 28 50 | Nu.51
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F13°9% A-17 uanstayagnan) sendNenNIRARNEANIT B ANNUNINIBNTIRd A NN e 70-0910 UR 11 N.W.50 (sia)

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c") W. Out T.(c°) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | NuELYAR

11.17 dhauudsadieays
11.20 34 410 68 71 93 30 53 | reuduazmu
11.23 31 425 70 72 9 30 50 | azwudnuusnwilatinu
11.28 31 345 67 69 93 32 60 | reuduazmy
11.30 35 381 67 69 95 31 40 | azwudnuentinuis
11.32 35 405 67 81 96 31 45 | gaznnuuaniaensl
12.03 33 348 65 67 90 30 55 | reuguvnd Mg des Resort
12.04 33 392 66 69 92 30 20 | medulanidien Resort
12.29 ynFeunana

33 358 62 65 89 27 60 AeudugsnY
16.16 34 354 61 65 88 28 50 | @zwnudnuusnwilaiau
16.26 WL NU-ATA
16.33 34 318 63 65 86 27 60 | Nu.51
16.35 34 356 63 65 87 28 60 | NX.49
16.37 33 385 62 65 90 27 70 | nu.47
16.41 33 383 62 65 91 27 65 | Nu.43
16.48 33 383 63 66 91 27 63 | Nu.36
16.50 33 397 63 65 92 27 67 | Nu.34
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F13°9% A-17 uanstayagnan) sendNenNIRARNEANIT B ANNUNINIBNTIRd A NN e 70-0910 UR 11 N.W.50 (sia)

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c") W. Out T.(c°) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | NuELYAR
16.53 32 398 63 66 91 27 nu.31
16.55 32 384 63 66 91 27 60 | Nu.29
16.57 33 375 63 66 92 27 60 | nu.27
17.01 33 377 63 66 92 27 60 | Nu.23
17.03 33 368 63 65 32 27 60 | Nu.21
17.05 33 365 63 65 92 27 nu.19
17.35 ICD
18.54 WILNUN-ATA
19.03 35 416 71 76 94 25 50 | Na.19

35 405 70 75 94 26 48 | NW.21
19.09 34 407 70 76 93 24 45 | nu.24
19.11 34 403 70 76 93 25 nu.26
19.13 34 405 70 74 93 25 45 | nu.28
19.23 34 393 65 74 92 25 50 | Nu.34
19.24 33 408 70 76 92 25 53 | Nu.36
19.30 34 407 70 74 93 25 43 | nu.41
19.33 34 400 70 75 93 25 40 | nu.43
19.35 34 426 70 75 93 25 53 | nu.45
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F13°9% A-17 uanstayagnan) sendNenNIRARNEANIT B ANNUNINIBNTIRd A NN e 70-0910 UR 11 N.W.50 (sia)

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c") W. Out T.(c°) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | NuELYAR

19.38 33 420 70 77 94 25 53 | nu.47
19.40 34 426 70 77 94 25 53 | nu.49
19.44 35 435 70 75 94 25 54 | nu.52
19.51 dhauudsadieays
20.47 34 393 67 72 90 24 40 | feaunetuldag resort
20.49 36 462 71 76 95 24 10 | meduandan Resort
21.21 yinFaunana
22.15 29 403 64 70 88 24 60 | aznnuduuantiud
22.28 28 327 58 66 83 24 60 @3W7u°ﬁ’]mLﬂﬂWﬂf@ﬁﬂN
22.54 UWNU-FITIA
22.57 30 332 58 66 83 25 62 | Nu.54

30 343 67 68 84 25 66 | Nu.52

30 344 67 59 84 25 60 | N.46

31 356 68 61 85 25 65 | Nu.45

30 358 66 60 86 25 67 | nu.43

30 358 66 60 86 25 65 | Nu.41
23.19 31 365 69 62 87 25 65 | Nu.34
23.20 31 352 68 62 86 25 60 | Nu.32
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F13°9% A-17 uanstayagnan) sendNenNIRARNEANIT B ANNUNINIBNTIRd A NN e 70-0910 UR 11 N.W.50 (sia)

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c") W. Out T.(c°) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | UN1ELYA)
23.23 31 325 66 60 86 25 nu.30
23.25 31 339 66 61 85 25 65 | Nu.28
23.28 31 354 69 63 86 24 62 | Nu.26
23.29 31 356 69 61 86 25 60 | nu.24
23.31 31 345 68 61 86 25 60 | nu.22
23.34 31 355 67 61 85 25 60 | Nu.20
23.43 ouuRsUAWINTugsTU N
23.49 31 332 69 61 85 25 65
24.09 flaICD
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F1319% A-18 uanstayagnan)E 3¥UdNNNIRARNKANIT B ANNUNIHIBNTIRI A NNZITEY 70-0910 UR 15 N.N.50

Date 15 Feb 07 2171 9772 9773 9774
ﬁmﬁﬂmmﬂ(ﬁu) 24.6 3.7 - -
Time Intake T.(c") Exh T.(c”) | W.in T.(c”) W. Out T.(c") Ol T.(c°) | Amb T.(c®) | Speed(km/h) | Mu1EILUR
14.08 ICD
15.32 WU19RI-R30
15.36 40 452 75 78 102 31 47 | nu 16
15.49 37 397 70 73 97 29 47 | nu 27
15.52 37 385 70 73 96 29 45 | nu 29
15.56 36 417 69 72 96 28 55 | nu 32
36 438 70 73 99 28 60 | nu 38
36 440 64 72 100 28 60 | N 40
16.05 37 450 70 73 100 28 60 | Nu 43
16.10 36 450 69 72 100 28 65 | Nu 45
16.12 36 459 69 72 95 28 60 | nu 47
16.15 35 468 70 73 100 27 60 | Nu 49
16.17 37 454 69 72 100 27 60 | NW 51
16.19 37 466 69 72 100 27 60 | nu 53
16.25 dhoudsaiiesay
16.28 40 478 78 80 101 25 67 | revdiugznn
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F13°9% A-18 uanstayagnan)N s3I NNNIRARINKANIT B ANNUNINIBNTIRD A NN e 70-0910 UR 15 N.N.50 (sia)

Time Intake T.(c") Exh T.(c”) | W.in T.(c”) W. Out T.(c") Oil T.(c°) | Amb T.(c”) | Speed(km/h) | MHEILUR
16.31 46 484 76 79 103 28 aznudnuuenwiatag
16.35 35 412 74 77 99 29 AeLALAT L
16.39 39 453 77 75 106 30 35 | azwiunanvaensdl
17.16 38 252 66 68 83 30 20 | AeuFumstuminaniEen Resort
17.18 35 402 71 74 92 31 15 | neduni@an Resort
17.20 40 467 72 76 95 29 50 | einuN e Resort ARLI9ANNIEA
18.07 FauraNaL
20.18 UWUT ATIA
20.27 32 353 62 64 87 26 65 | nu 50
28.29 32 372 62 64 85 28 60 | Nu 48
20.31 32 380 63 65 20 25 62 | Nu 46
20.33 32 379 62 64 20 25 65 | Nu.43
20.36 32 355 31 63 89 25 60 | nu 40
20.43 33 389 63 69 91 25 60 | nu 39
20.45 33 392 66 68 92 26 60 | nu 33
20.47 33 392 72 68 92 25 63 | nu 31
20.49 33 371 71 68 72 26 62 | nu 29
20.51 34 353 70 67 90 25 50 | nu 27
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F13°9% A-18 uanstayagnan)N s3I NNNIRARINKANIT B ANNUNINIBNTIRD A NN e 70-0910 UR 15 N.N.50 (sia)

Time Intake T.(c") Exh T.(c”) | W.in T.(c”) W. Out T.(c") Oil T.(c°) | Amb T.(c”) | Speed(km/h) | MHEILUR
20.54 33 376 70 64 20 26 50 | nu 24
21.05 DUBALAUNTINGITI0 T
21.07 32 364 70 66 89 26 72
21.11 32 344 68 64 88 25 68
21.32 ICD
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F13°9% A-19 uanItayAgINAN 3¥MINNNIRARINEANIT B ANNUNINIBITIRI A NNZITIE 70-0910 WA 16 N.N.50

Date 16 Feb 07 471 972 973 9774
ﬁmﬁﬂmmﬂ(ﬁu) 19.3 3.7 - -
Time Intake T.(c®) | Exh T.(c”) | W.in T.(c”) W. Out T.(c) | Qil T.(c”) | Amb T.(c”) | Speed(km/h) | MuEILUR
13.53 ICD
15.13 36 430 72 74 97 31 55 | nuwdsuawINdu
15.17 35 456 73 75 101 32 64
15.22 LU A90A
15.24 38 408 74 77 95 31 45 | nu 17
15.27 36 423 73 77 99 31 55 | nu 19
15.30 36 429 74 77 101 31 58 | nu 21
15.34 36 435 74 77 102 31 55 | nu 24
15.36 36 416 72 75 101 30 55 | NN 26
15.38 35 418 70 73 55 25 60 | nu 29
15.43 35 430 73 76 99 29 65 | nu 33
15.46 35 370 69 72 97 30 40 | nu 36
15.51 34 375 70 72 96 29 40 | nu 40
15.54 35 418 72 74 98 30 55 | nu 42
15.57 35 419 70 73 98 29 60 | nu 45
16.01 35 424 71 73 98 29 50 | nu 48
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F113°9% A-19 uanstayagnan)R s3I NNNIRARINKANIT B ANNUNINIBITIRD A NN e 70-0910 UW 16 N.N.50 (sia)

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c”) W. Out T.(c) | Oil T.¢”) [ Amb T.(c°) | Speed(km/h) | Mu1EILUR

16.04 34 452 - 34 100 29 60 | Nu 50
16.08 34 442 70 73 100 28 60 | Nu 53
16.12 dhauudsaiieays
16.17 38 503 38 82 104 31 52 | reuduazmny

38 516 75 83 105 32 arnudnuenwiatia
16.24 38 435 34 76 101 31 AeuTuazny

37 459 74 78 103 31 gen N ntinud
16.44 ZWW’]‘I‘L[E]NLLF;IﬂﬁQF;IﬂZﬂ
16.45 38 395 73 76 98 31 40 | Aevdumstuminaniden Resort
16.48 31 452 75 78 101 31 10 | medun@an Resort
16.50 35 454 77 82 102 31 48 | HIUNNTULTIAINLEY
16.59 ueN@LAe
17.24 nFeunanatls

LU M908

22.41 32 343 69 63 89 25 48 | nu 53
22.44 32 370 70 64 84 25 75 | nu 51
22.46 32 343 68 64 85 24 60 | nu 49
22.47 31 355 67 64 86 25 60 | nu 47
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F113°9% A-19 uanstayagnan)R s3I NNNIRARINKANIT B ANNUNINIBITIRD A NN e 70-0910 UW 16 N.N.50 (sia)

Time Intake T.(c”) | Exh T.(c”) | W.in T.(c”) W. Out T.(c) | Oil T.¢”) [ Amb T.(c°) | Speed(km/h) | Mu1EILUR
22.45 31 367 68 63 86 24 65 | nu 45
22.52 31 346 68 63 86 24 60 | nu 43
22.58 31 334 67 62 85 25 62 | Nu 41
23.03 31 350 65 63 86 25 55 | nu 33
23.17 32 342 70 65 84 26 53 | nu 22
23.19 32 365 88 65 86 25 60 | nu 20
23.24 uAsUgRNd Y
23.26 31 366 68 63 88 25 70
23.28 30 366 68 62 90 25 75
23.50 ICD
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F13°9% A-20 uARNTRYAGIANAN 3TUINNNIRARINEANIT B ANNUNINIBNTIRDA NN ITIEY 70-0910 FUW 18 N.N.50

Date 18 Feb 07 L g2 E a4
ﬁmﬁnmmn(ﬁu) 18 4.6 > -
Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W.OutT.(c) | Oil T.(c) | Amb T.(c") | Speed(km/h) | ¥N1EIWR
10.30 ICD
11.52 37 111 60 60 67 35 idel
12.58 39 380 71 73 91 33 47 | auu@zugwndu
13.01 39 397 71 73 93 32 50
13.05 WILNNUN A90A
13.36 38 391 69 71 94 30 60 | nu 24
13.38 38 380 68 70 94 30 55 | N 26
13.41 38 380 68 70 94 30 55 | nu 28
13.43 37 375 67 69 93 25 55 | nu 30
13.45 37 402 69 71 94 30 60 | Nu 32
13.47 37 380 68 70 94 30 57 | nu 34
13.50 38 400 68 70 94 30 58 | nu 36
13.54 37 395 68 70 94 30 58 | nu 40
13.56 37 392 68 70 95 30 55 nu 42
13.58 37 395 68 70 95 30 57 | nu 44
14.01 37 350 68 70 95 25 55 | nu 46
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F13°9% A-20 uARNTRYAGIANAN 3TUINNNIRARINEANIT B ANNUNINIBNTIRDA NN ITIEY 70-0910 FUW 18 N.N.50

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W.0utT.(c) | Oil T.(c”) | Amb T.(c®) | Speed(km/h) | UNIELR

14.03 37 350 67 65 95 30 55 | nu 48

14.05 36 382 68 70 94 29 53 | nu 50

14.08 36 392 67 69 94 29 55 | nu 52

14.09 36 388 67 69 54 25 55 | nu 54

1417 R iE

14.19 39 430 74 76 96 30 50 | feuaswIRduLanniiatia
39 445 75 77 98 30 45 | dznudnunanniatan

14.22 39 400 75 75 97 30 60 | neuazwuduuantinuil
39 413 73 76 97 32 42 | gzwuduuentinuia

14.27 39 378 73 76 95 32 55 | revdugzna
39 402 72 74 96 32 ALNUATUENTENET]

14.30 39 438 74 77 98 31 79 | \as 5

14.47 39 380 70 72 97 32 50 | neunneduenden Resort

14.49 39 477 74 76 103 32 30 | meduniian@ean resort

15.15 vniFauvanalls

17.26 HNUNIUN-R9IA

17.31 33 365 62 65 90 27 65 | NN 54

17.33 33 357 62 64 89 28 67 | NN 52
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F13°9% A-20 uARNTRYAGIANAN 3TUINNNIRARINEANIT B ANNUNINIBNTIRDA NN ITIEY 70-0910 FUW 18 N.N.50

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W.0utT.(c) | Oil T.(c”) | Amb T.(c®) | Speed(km/h) | UNIELR
17.34 33 340 67 67 85 28 55 | na 50
17.36 35 370 61 64 85 28 68 | nu 48
17.39 33 375 63 65 90 27 72 | nu 45
17.41 33 364 63 65 91 28 67 | N 43
17.43 33 358 67 65 91 27 68 | Ny 41

33 360 63 65 91 27 70 | N¥ 40
17.47 33 383 62 65 91 27 58 | N 36
17.49 33 383 64 65 92 27 65 | nu 34
17.54 32 386 63 65 91 27 60 | na 30
17.56 33 377 63 66 92 27 62 | nu 28
17.58 33 352 64 66 85 27 50 | na 26
18.00 33 353 65 65 89 27 60 | Nu 24
18.02 33 358 63 65 89 27 60 | nu 22
18.04 33 364 63 65 85 27 60 | NN 20
18.10 WnReuaundy
18.17 33 337 60 63 89 27 68
18.19 32 315 59 61 86 27 64
18.36 ICD
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F13°9% A-21 uaRITayAgnANAN SEUINNNIRARINEANIT B ANNUNINIBNTIRIA NN ITIE 70-0910 UW 19 N.N.50

Date 19 Feb 07 i1 992 97713 e

ﬁmﬁnminﬂ(ﬁu) 24 4.6 . -

Time Intake T.(c”) | Exh T.(c") | W.in T.(c") W. OutT.(c?) | QilT.c°) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
10.28 ICD
10.51 HNLUN-R9A
10.54 34 426 71 74 98 30 56 | nu.14
10.56 34 435 72 74 100 30 58 | nu.19
10.58 34 430 72 74 100 30 58 | nu.21
11.01 35 396 70 73 98 30 40 | nu.23
11.09 34 423 71 74 99 25 55 | Nu.28
11.11 34 405 71 73 97 29 48 | .30
11.14 35 424 73 75 99 29 55 | Nu.32
11.16 35 400 74 74 98 30 50 | nu.34
11.21 35 439 73 76 100 28 55 | nu.38
11.24 35 440 72 75 100 29 57 | Nw.40
11.26 35 430 72 74 100 29 53 | Nu.42
11.29 35 435 73 75 100 29 55 | nu.45
11.33 36 410 73 75 99 29 48 | nu.48
11.35 35 413 72 75 99 29 35 | Nu.50
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F19°9% A-21 uanstayagnannE sEUdNNNIRARNKANIT B ANNUNINIBNTIRD A NNZITEY 70-0910 UW 19 N.N.50 (sia)

Time Intake T.(c”) | Exh T.(c?) | W.in T.(c") W.Out T.(c”) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
11.45 dnauudsaiieays
39 466 78 80 106 32 55 | neudaznIwduusnwilatian
11.51 39 473 79 81 106 32 45 | gzwiuduusnwilatia
11.54 39 440 74 = 105 32 70 | nauazmiuduuaniiuds
39 395 75 75 103 32 40 | azwudnuentinuis
denuianinensl
12.40 38 365 73 75 95 33 33 | newduntinaiden Resort
12.43 39 478 77 80 102 33 20 | duntianidan Resort
12.44 40 485 79 82 105 32 45 | 81211389 Resort WARLIAINE
13.10 nFeunanatls
16.17 35 347 66 68 52 30 65 | evdugznL
35 351 66 68 92 30 55 | @zwnuuanvensil
16.29 WL NU-RAA
16.35 37 362 70 70 92 31 62 | Nu.53
16.37 37 333 68 70 92 30 50 | Nu.51
16.35 37 325 69 69 90 30 48 | Nu.49
16.41 36 375 69 69 92 30 65 | Nu.47
16.43 35 382 65 68 93 29 67 | Nu.45

243

eve



F19°9% A-21 uanstayagnannE sEUdNNNIRARNKANIT B ANNUNINIBNTIRD A NNZITEY 70-0910 UW 19 N.N.50 (sia)

Time Intake T.(c”) | Exh T.(c?) | W.in T.(c") W.Out T.(c”) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
16.45 35 382 67 69 93 29 66 | Nu.43
16.47 35 380 66 68 93 29 69 | Nu.41
16.49 35 384 65 67 93 29 65 | Nu.39
16.52 35 379 66 68 93 28 60 | Nu.36
16.54 34 392 65 67 93 28 65 | Nu.34
16.57 34 380 65 67 93 29 55 | na.31
17.01 35 350 67 69 91 30 40 | nu.28
17.04 35 328 67 69 93 29 60 | Nu.26
17.06 35 367 66 68 93 29 58 | nu.24
17.08 34 363 67 67 92 30 55 | Nu.22
17.11 35 346 67 67 91 29 50 | Nu.19
17.57 ICD
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FN39% A-22 uARNTRYAGIANAN 3TUNINNNIRARNEANIT B ANNUNINIBNTIRD A NN ITIE 70-0910 WA 20 N.N.50

Date 20 Feb 07 L 992 E a4
ﬁwﬁnmmﬂ(ﬁu) 271 4.6 24 4.6

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W.OutT.(c) | Oil T.(c) | Amb T.(c") | Speed(km/h) | ¥N1EIWR
11.27 35 132 62 62 70 32 idle
11.34 ICD
12.04 WILNUN-ATIA
12.09 38 411 73 76 100 30 48 | nu.20
12.16 37 402 71 73 91 30 nu.24
12.18 38 405 70 73 99 30 50 | NW.26
12.20 38 325 71 74 93 30 60 | nu.28
12.22 38 423 71 74 100 29 55 | nu.30
12.26 38 460 72 75 100 30 60 | nu.33
12.28 38 450 73 76 100 30 40 | nu.35
12.31 38 440 74 77 103 30 58 | nu.37
12.33 39 440 73 76 102 30 55 | nu.39
12.35 39 442 73 76 105 30 55 | nNu.41
12.37 39 412 73 76 100 36 43 nu.43
12.39 38 440 73 76 101 30 45 | nu.45
12.42 38 440 75 78 98 30 46 | nu.47
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FN319% A-22 UARNTRYAGIANAN FYUINNNIRARNEANIT B ANNUNINIBNTIRI A NN e 70-0910 FUW 20 N.W.50 (sia)

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W. OutT.(c”) | QilT.(c”) | AmbT.(c°) | Speed(km/h) | NuELYAR

13.14 dhauudsadieays

13.16 39 492 79 83 105 32 43

13.19 39 497 83 86 106 32 30 | azwudnuusnwilatinu

13.24 39 444 80 82 106 32 65 | neuduazmy

genudnue i ud

13.46 42 413 77 77 102 34 40 | neufuniiienden Resort
43 500 81 82 107 34 20 | duutianidan Resort

13.53 44 510 83 86 109 33 50 | BNl Resort WAQLF9ANIE)

14.02 43 422 75 77 103 34 60 | TAsuanaqwda

14.20 ynFeuraNatls

15.57 38 377 70 72 94 31 60 | NauazNILINNLENNIATAL
38 384 70 72 94 31 55 | @aznudnuuannianau

15.59 UWNU-FITIA

16.03 35 356 67 67 92 29 65 | Nu.54

16.05 35 376 70 68 93 30 74 | nu.52

16.07 35 372 70 68 93 29 65| Nu.50

16.09 35 400 69 68 94 31 70 | nu.48

16.11 35 408 68 68 96 30 72 | nu.45
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FN319% A-22 UARNTRYAGIANAN FYUINNNIRARNEANIT B ANNUNINIBNTIRI A NN e 70-0910 FUW 20 N.W.50 (sia)

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W. OutT.(c”) | QilT.(c”) | AmbT.(c°) | Speed(km/h) | NuELYAR
16.13 34 399 68 68 96 30 72 | nu.43
35 390 69 68 9 30 75 | nu.40
16.18 34 392 67 68 96 30 73 | nu.38
16.19 35 402 69 69 96 31 64 | Nu.36
16.23 35 395 70 69 97 30 65 | Nu.33
16.24 35 400 72 70 97 30 70 | Na.31
16.26 34 400 70 70 96 30 70 | nu.29
16.29 34 398 69 72 96 30 65 | Nu.26
16.31 34 400 68 69 97 30 70 | nu.24
16.33 35 393 68 69 96 31 68 | Nu.22
16.36 35 375 70 70 96 31 60 | Nu.19
16.55 37 344 71 67 91 30 70 | @euaundu
16.57 37 325 71 67 91 30 66
17.14 ICD
19.10 36 447 72 70 90 26 52 | @euaundu
19.12 36 447 72 69 93 26 60
19.20 HLNUN-RIA
19.29 36 404 77 72 93 27 50 | nu.22
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FN319% A-22 UARNTRYAGIANAN FYUINNNIRARNEANIT B ANNUNINIBNTIRI A NN e 70-0910 FUW 20 N.W.50 (sia)

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W. OutT.(c”) | QilT.(c”) | AmbT.(c°) | Speed(km/h) | NuELYAR

19.31 36 380 75 71 94 27 40 | nu.24
35 398 77 71 92 27 50 | Nu.26

19.36 35 396 77 71 93 27 50 | nu.28

19.39 35 446 77 72 96 27 58 | Nu.31

19.41 36 429 76 74 96 27 55 | na.33

19.44 35 393 77 71 94 27 40 | Nu.35

19.46 35 403 75 74 94 27 47 | nu.37

19.50 35 407 77 72 94 27 47 | Nu.40

19.54 36 403 77 72 94 27 45 | Nu.43

19.56 35 446 76 72 96 27 60 | Nu.45

19.59 36 434 74 70 96 27 55 | Nu.48

20.02 35 430 75 71 96 27 50 | N¥.50

20.05 37 430 76 71 93 27 60 | Nu.53

20.11 dhouudsadieays
37 318 67 69 91 28 55 | euTuaznaL

20.38 37 338 68 70 91 28 27 azvnuduuaniiuds

21.00 35 419 67 69 95 25 60 | neuduntinedan Resort

21.03 35 480 72 74 98 25 20 | Funtiadan Resort
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FN319% A-22 UARNTRYAGIANAN FYUINNNIRARNEANIT B ANNUNINIBNTIRI A NN e 70-0910 FUW 20 N.W.50 (sia)

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W. OutT.(c”) | QilT.(c”) | AmbT.(c°) | Speed(km/h) | NuELYAR
21.05 37 475 72 74 99 25 40 | euaidian Resort udaL39AMNLE)
21.29 nFaunanalls
23.49 32 346 70 64 86 26 65 | UNUIATIA NH.49
23.51 32 362 69 64 84 26 68 | nu.47
23.53 32 364 68 63 87 26 68 | Nu.45
23.55 31 335 68 63 87 26 65 | Nu.43
23.56 31 345 68 63 87 26 65 | Nu.41
24.02 31 377 68 64 88 26 55 | na.36
24.06 32 370 68 64 88 26 60 | Nu.32
24.07 31 309 68 64 90 26 62 | Na.30
24.10 31 370 68 64 85 26 62 | Nu.28
24.12 31 344 68 64 88 25 55 | nu.26
24.14 31 340 68 64 88 25 50 | nu.24
24.16 31 347 69 63 87 26 58 | nu.22
29 342 69 64 87 26 55 | Nu.20
24.36 30 340 67 60 85 25 65 weuaundu
24.39 30 340 67 64 85 25 65
24.51 ICD
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F13°9% A-23 uARTaYAgANAN ST NNNIRARNEANIT B ANNUNINIBNTIRI A NNZITIEY 70-0910 UW 28 N.N.50

Date 28 Feb 07 2771 9772 9773 9774
ﬁmﬁﬂmmﬂ(ﬁu) 3.7 4.6 - -
Time Intake T.(c®) | Exh T.(c”) | W.in T.(c") W. Out T.(c") Ol T.(c°) | Amb T.(c®) | Speed(km/h) | Mu1EILUR
8.39 felniesnes .9192
8.51 38 115 60 62 69 34 idle
11.10 @@ﬂmﬂmm%mqm-mw
11.15 36 354 66 68 85 30 55 | NW.12
11.18 35 333 66 68 86 30 45 | nu.14
11.21 34 358 67 70 89 30 40 | nuA17
11.24 34 332 65 68 88 29 40 | nu.19
11.27 34 340 65 68 89 30 50 | Nu.22
11.29 34 351 65 68 90 29 43 | nu.24
11.33 34 356 65 68 92 29 55 | Nu.27
11.41 34 345 67 69 90 30 55 | nu.34
35 332 67 69 90 30 55 | Nu.38
35 342 66 68 9% 30 57 | Nu.39
11.47 35 341 66 68 91 30 57 | NN.40
11.49 35 345 67 69 90 31 55 | Nu.42
11.52 35 396 67 69 92 31 75 | nu.44
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F19°9% A-23 uARITaYAgnANAN ST NNNIRARNKANIT B ANNUNIHIBNTIRD A NNZITEY 70-0910 FUW 28 N.N.50 (sia)

Time Intake T.(c®) | Exh T.(c”) | W.in T.(c") W. Out T.(c") Oil T.(c°) | Amb T.(c”) | Speed(km/h) | MHEILUR

11.54 35 367 66 69 93 31 60 | Nu.47
12.26 dnouudsailerays
12.29 37 415 71 74 95 32 75 | nauaznuduusnwilatinu
12.30 37 428 72 75 9 32 60 | azwrudnuuanwiiaiau
12.34 33 360 70 74 98 33 60 | Aeaudrniud Nuentinud
12.35 37 385 70 74 96 33 45 | gznudnuentiiud

37 392 71 74 98 34 65 | neuldsldasniuiandaensd
12.37 37 405 71 74 98 34 52 | dulin1eseniuuendaansd
12.42 37 400 71 74 98 94 56 | nelAsuenaqde
12.58 39 350 70 74 97 35 45 | neauduniinandan Resort
13.01 40 399 76 79 99 35 20 | Funtianidan Resort
13.02 40 413 73 78 101 35 58 | tNwani3en Resort WA21L39ANME
13.34 AN Eng kong

nFauraNaL

16.03 38 352 65 69 95 32 60 | azwnudnuuansiuds
16.20 UWNUI-FITIA
16.26 38 376 69 72 93 30 65 | Nu.53
16.32 37 361 67 72 92 30 60 | Nw.48
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F19°9% A-23 uARITaYAgnANAN ST NNNIRARNKANIT B ANNUNIHIBNTIRD A NNZITEY 70-0910 FUW 28 N.N.50 (sia)

Time Intake T.(c®) | Exh T.(c”) | W.in T.(c") W. Out T.(c") Oil T.(c°) | Amb T.(c”) | Speed(km/h) | MHEILUR
16.34 35 399 66 69 94 30 73 | nu.46
16.35 35 392 65 68 94 30 70 | nu.44
16.37 35 387 65 68 94 30 70 | nu.42
16.39 35 383 65 68 94 30 70 | nu.40
16.41 35 360 64 67 93 30 64 | Nu.38
16.42 35 370 66 69 93 30 65 | Nu.37
16.44 36 380 66 69 94 31 65 | Nu.35
16.46 36 382 66 69 94 30 67 | Nu.33
16.48 36 390 66 69 94 30 64 | Nu.31
16.49 34 402 65 69 95 30 68 | Nu.29
16.52 34 395 65 69 95 30 65 | Nu.27
16.54 36 382 66 70 95 30 60 | Nu.25
16.55 36 386 66 70 95 30 67 | nu.23

36 390 66 69 96 30 69 | Nu.21
16.59 36 386 66 69 95 31 65 | Nu.19
17.13 36 337 62 66 91 30 70 | @auaunniu
17.54 ICD
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FN319% A-24 uARTaYAgANNN 3TUINNNIRARINEANTT B ANNUNINIBsTIRI A NNZITEW 70-0910 FUR1 2 H.A..50

Date 2 Mar 07 i1 992 97713 e
ﬁmﬂnmmn(ﬁu) 25.7 3.7 . -
Time Intake T.(c”) | Exh T.(c") | W.in T.(c") W. OutT.(c?) | QilT.c°) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
14.24 ICD
14.43 37 469 72 78 100 34 60 | @auauniu
14.49 UWNUI-FITIA
14.58 36 420 72 77 100 31 48 | NW.21
15.01 36 426 72 78 100 31 45 | Nu.23
15.03 36 457 72 78 103 31 58 | Nu.25
15.06 37 431 72 77 101 31 55 | nu.27
15.08 36 409 71 76 100 30 50 | Nu.29
15.10 36 456 72 77 102 30 56 | NW.31
15.13 36 450 71 76 103 30 62 | Nu.34
15.17 35 426 70 75 103 30 50 | Na.37
35 442 71 76 103 30 58 | .39
15.21 35 433 71 76 102 30 48 | nu.41
15.24 36 425 72 77 100 30 50 | Nu.43
15.26 36 412 72 77 100 30 47 | nu.45
15.36 35 425 69 74 100 25 55 | 499nN.53
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FN319% A-24 uARTRYAGIANNN 3T NNNIRARINKANIT LB ANNUNIHIBNT DRI A NNEZITEW 70-0910 Ul 2 H.A..50 (sle)

Time Intake T.(c”) | Exh T.(c?) | W.in T.(c") W.Out T.(c”) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
15.44 dnauudsaiieays
15.59 30 330 65 70 95 30 60 | nauazniuduuaniiudls
30 362 66 71 95 30 37 | azwnudnuuaniiudls
16.03 36 397 66 71 96 30 55 | reuTuazy
36 437 69 74 98 30 30 | azwiuueninansil
16.34 42 354 72 75 98 33 neutuninen@en Resort
16.35 42 459 75 81 104 33 14 | Funrinaniden Resort
16.36 42 483 77 82 107 32 42 | ti1a1389 Resort WAMLIANE
16.43 41 389 71 75 100 32 40 | 4 4th
19.14 nFeunanatls
19.28 32 373 60 65 87 26 63 | ugnalulde
20.37 34 321 61 64 86 28 62 | LNNUI-ATIA NN.48
20.39 33 336 60 64 86 27 65 | Nu.46
20.41 33 340 60 64 87 28 66 | Nu.44
20.43 32 336 59 63 87 27 65 | Nu.42
20.53 33 336 60 64 86 27 60 | Nu.33
20.55 33 322 60 64 86 27 54 | Nu.31
22.17 ICD
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F1319% A-25 uARNTaYAgANNN 3T NNNIRARINEANTT B ANNUNIHIBsTIRI A NN e 70-0910 FUR 4 H.A..50

Date 4 Mar 07 41 472 9773 974
ﬁwﬁnmmﬂ(ﬁu) 12.2 4 33 4
Time Intake T.(c”) | Exh T.(c”) | W.in T.(c") W. Out T.(c”) [ QilT.c°) | AmbT.(c°) | Speed(km/h) | UN1ELR
9.44 141 ICD
10.57 35 426 65 70 92 30 62 | @auauniu
10.59 34 446 65 70 94 29 65
11.08 34 424 69 73 98 30 62 | UNUI-ATIA NW.18
11.10 34 432 68 73 98 30 67 | Nu.20
11.12 34 436 68 73 98 30 65 | Nu.22
11.14 34 430 68 73 98 29 65 | Nu.24
11.16 34 430 68 73 98 30 66 | NW.26
11.17 34 431 68 73 98 30 65 | Nu.28
11.26 35 418 68 73 98 36 65 | NW.36
35 432 68 72 99 30 65 | NW.40
11.31 35 432 69 73 99 30 63 | Nu.42
11.33 35 435 69 73 99 29 72 | nu.44
35 430 70 74 100 29 75 | nu.46
11.37 35 422 68 73 100 29 69 | Nu.48
11.47 dhoudsaiiesay
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FN379% A-25 uARNTaYAgANNN 3TUINNNIRARINEANTT B ANNUNNNIBNSIRI A NNEZITEW 70-0910 SuRl 4 H.A..50 (sie)

Time Intake T.(c°) | Exh T.(c”) W.in T.(c") W. Out T.(c”) | Qil T.(c”) | Amb T.(c”) | Speed(km/h) NHIEILUG
11.51 37 492 75 81 104 33 58 AR T G EEN
11.54 39 401 72 76 102 33 75 nauaznuduuentiuda
11.55 39 409 71 76 102 33 53 aznnudnuuantinuile
12.49 37 414 69 75 97 33 60 newduninien@en Resort
12.50 37 496 73 79 103 33 40 Funinanidan Resort
12.51 37 503 74 80 105 31 65 BN E Resort ARLINAINNIE
14.47 yinFaunanal
14.58 38 388 66 71 93 31 70 uenAfude
326 64 68 92 31 60 Aeuduazny

15.26 38 345 66 70 92 31 65 arnuueninened

38 339 65 69 92 32 55 naugznuduuantiude

38 382 68 72 95 32 62 AaugznuduLanniiain
15.34 38 384 68 72 95 32 52 arnnuduuenwiaiag
15.49 37 383 65 70 94 30 68 LNUN-RINA NN.49
15.55 36 398 65 69 95 30 69 nu.43
15.57 36 392 66 70 95 31 73 nu.41
15.58 36 397 65 69 95 30 66 n3.39

36 393 64 69 95 30 60 n1.38
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FN379% A-25 uARNTaYAgANNN 3TUINNNIRARINEANTT B ANNUNNNIBNSIRI A NNEZITEW 70-0910 SuRl 4 H.A..50 (sie)

Time Intake T.(c°) | Exh T.(c”) W.in T.(c") W. Out T.(c”) | Qil T.(c”) | Amb T.(c”) | Speed(km/h) NHIEILUG
36 396 64 69 95 30 60 nu.37
16.03 35 406 66 71 95 30 60 nu.35
16.04 36 397 65 70 95 30 65 nu.33
16.06 36 407 66 71 96 30 65 nu.31
16.08 35 408 65 70 96 30 66 Nu.29
16.11 34 408 66 70 96 30 62 nu.27
16.12 35 395 65 70 95 30 65 nu.25
16.14 35 398 65 69 96 30 63 nu.23
16.16 36 388 64 69 95 30 63 nu.21
16.33 36 328 62 66 91 30 65 weauaundu
16.34 36 324 61 65 90 30 65
16.50 ICD
19.21 33 488 68 73 9 27 55 weauaundu
19.24 33 493 69 75 98 27 57
20.00 32 439 68 72 91 27 49 UWNU-FTIA NN.21
20.04 33 459 69 74 95 27 50 nu.24
20.06 31 466 70 75 97 27 53 nu.26
20.08 33 458 70 75 98 27 48 nu.28
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FN379% A-25 uARNTaYAgANNN 3TUINNNIRARINEANTT B ANNUNNNIBNSIRI A NNEZITEW 70-0910 SuRl 4 H.A..50 (sie)

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W. Out T.(c°) | Qil T.(c”) | AmbT.(c°) | Speed(km/h) | UNIELR
20.11 33 452 70 75 98 27 48 | Nu.30
20.14 33 475 72 77 100 27 53 | N¥.32
20.16 33 466 71 76 100 27 51 | Nu.34
20.18 33 458 71 76 100 27 54 | N¥.36
20.23 33 460 71 76 101 27 52 | Nw.40
20.25 33 470 71 76 101 27 54 | n.42
20.27 33 464 70 76 101 27 55 | Nw.44
20.33 34 461 72 if 102 27 58 | Nw.49
20.35 35 430 71 76 102 27 58 | NW.51
20.37 35 453 72 76 102 27 59 | Nu.53
20.44 dhouuwdneflesrays
36 488 74 80 104 27 45 | feviusznny
20.49 37 496 76 85 106 27 30 | dzwnudnuuenwiiaiau
20.53 38 375 70 73 108 27 60 | NAUATNIUY
38 388 71 74 100 27 40 | azwuduuantinuie
20.57 34 410 67 72 97 27 51 | neuaznuiaan:il
34 445 70 75 99 27 20 | azwusinansil
33 416 67 72 95 25 47 | newduntienden Resort
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FN379% A-25 uARNTaYAgANNN 3TUINNNIRARINEANTT B ANNUNNNIBNSIRI A NNEZITEW 70-0910 SuRl 4 H.A..50 (sie)

Time Intake T.(c°) | Exh T.(c”) | W.in T.(c") W. Out T.(c°) | Qil T.(c”) | AmbT.(c°) | Speed(km/h) | UNIELR
21.22 36 476 71 77 99 25 15 | Funiiienid@en Resort
21.24 36 492 74 80 101 25 25 | HNu@T89 Resort WAMLINANNLEY
22.36 nFauraNaLls
23.30 30 321 54 58 84 26 66 | neuTuazNY
23.31 30 345 56 60 85 26 55 | azmnudnuuantiud
23.35 31 356 58 62 86 26 64 | Aevdugznn
23.36 31 372 59 63 87 26 56 | azwrudnuuanwiiaiiau
23.40 UWNUI-FITIA
23.49 32 355 58 62 86 26 65 | Nu.48
23.51 31 354 58 62 86 26 64 | NN.46
23.58 32 352 58 62 86 26 65 | Nu.39
24.20 32 362 61 66 89 80 42 | nu.21
24.34 31 325 57 61 85 26 65 | dauauniu
24.36 31 321 56 60 84 26 63
24.53 ICD
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F13719% A-26 UARNTRYAGIANAN 3T NNNIRARNEANIT B ANNUNINIBsTIRI A NN e 70-0910 SUR1 7 H.A..50

Date 7 Mar 07 971 992 97713 e

ﬁmﬁnminﬂ(ﬁu) 27.3 46 | - -

Time Intake T.(c”) | Exh T.(c") | W.in T.(c") W. OutT.(c?) | QilT.c°) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
12.38 i ICD
13.29 40 472 70 76 100 32 59 | @auaunniu
13.31 41 472 71 76 101 32 61
13.41 41 404 73 78 102 32 40 | UNUI-ATIA NN.19
13.43 41 402 71 76 100 32 48 | NW.21
13.51 40 424 71 76 100 31 54 | nu.27

40 450 70 75 100 31 58 | nu.30
13.56 40 451 71 76 102 31 62 | Nu.32
13.58 40 443 70 75 101 31 63 | Nu.34
14.01 39 416 69 74 100 31 54 | .36

40 432 70 74 100 30 58 | na.38
14.05 40 415 70 74 100 31 54 | Nu.40
14.07 40 431 69 74 100 31 61 | nu.42
14.09 39 445 69 74 101 31 64 | nu.44
14.13 40 415 69 74 101 30 55 | nu.48
14.17 38 413 68 73 99 30 56 | Nu.52
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F1379% A-26 uARNTRYAGIANNN 3TUINNNIRARINEANIT B ANNUNINIBNS DRI A NNEZITEW 70-0910 Ul 7 H.A..50 (sie)

Time Intake T.(c”) | Exh T.(c?) | W.in T.(c") W.Out T.(c”) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | UN1ELMR)

17.25 dnauudsaiieays
14.30 43 496 76 82 104 32 50 | neudaznIudNusnwilatiaN
14.31 43 495 76 82 105 32 38 | avwiudnuuanwiiatiau
14.41 42 384 73 78 99 34 65 | naudazniuduuaniiudls
14.42 42 382 74 79 99 34 40 | azwudnuentinuis
14.44 42 395 71 76 99 33 54 | nautu

42 448 73 78 101 33 36 | 5th azwnuuaninangil
16.03 43 370 69 72 92 33 30 | newfuntinanidien Resort
16.04 44 482 77 80 99 33 28 | duntianidan Resort
16.07 44 507 78 84 103 33 45 | eNuaTe Resort WAMLINANNLE)
18.18 nFeunanatls

33 303 62 66 87 29 60 AeudugsnL
19.19 33 336 63 67 88 29 54 | @zwnuuanvansil

33 330 61 65 88 28 60 AeudugsnL
19.21 33 336 61 65 88 28 39 | azmnudnuuaniiuds

34 362 63 67 90 28 65 | revdiugznL
19.28 34 376 63 67 91 28 55 | azwnudnuusnniiaiin
20.03 34 305 62 66 84 29 45 | UWNUI-ATIA NN.51
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F1379% A-26 uARNTRYAGIANNN 3TUINNNIRARINEANIT B ANNUNINIBNS DRI A NNEZITEW 70-0910 Ul 7 H.A..50 (sie)

Time Intake T.(c”) | Exh T.(c?) | W.in T.(c") W.Out T.(c”) | Qil T.(c”) | Amb T.(c°) | Speed(km/h) | UN1ELMR)
20.07 34 306 62 66 84 29 47 | nu.48
20.09 34 347 60 65 87 28 69 | Nu.46
20.11 34 348 60 64 87 28 69 | nu.44
20.13 33 340 60 64 88 28 64 | Nu.42
20.14 33 333 59 63 87 27 63 | Nu.40

35 349 60 64 88 27 60 | Nu.37
20.22 33 358 62 65 89 27 60 | Nu.33
20.24 33 359 62 65 89 27 60 | Nu.31
20.26 33 365 62 65 89 26 60 | Nu.29
20.28 33 354 60 65 88 26 60 | Nu.27
20.30 33 358 60 65 89 26 60 | Nu.25

33 358 61 65 89 26 62 | Nu.24
20.33 33 358 61 64 89 26 63 | Nu.22
20.37 37 360 61 65 89 27 nu.19
20.47 32 347 60 64 89 27 68 | aauauniu
20.48 32 338 59 63 88 26 69
21.08 ICD
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FN319% A-27 UARNTRYAGHINABLABITRINGY LAZHANNIAIUIN FEUINNRARINNANTT IFeUsaAINIIuTessnna Nz 70-0910
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Ty Diesel CNG Total

N

it Unildn Cost Specific Specific

U 12QE Consumption Cost Consumption Cost Energy Cost

Litre/
kms km/l | 100k MJ/ Baht/ km/ kgs/ MJ/ Baht/ Baht/ MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m km Baht km kgs kg 100km km Baht km Baht km MJ/Km km km

11 8.A. 50 0 4.15 1050.0 50| 51| 198 7.0 1250 | 4.94 55.34 | 4.6 2191 7.8 470.41 | 1.86 | 1720.41 | 6.80 14.84 3.58 1.64
12 8.A. 50 525 18.33 9620.6 125 | 42| 238 | 85 3125 | 595 | 116.64 | 4.5 222179 99144 | 189 | 4116.44 | 7.84 16.40 0.90 0.43
13 8.A. 50 798 14.80 4040.4 64| 43| 234 | 83 1600 | 5.86 55.05 | 5.0 202 | 7.2 467.88 | 1.71 2067.88 | 7.57 15.54 1.05 0.51
14 8. 50 | 1292 10.03 4952 .4 105 | 47| 213 | 7.6 2625 | 5.31 100.57 | 4.9 204 | 7.3 854.85 | 1.73 | 3479.85 | 7.04 14.83 1.48 0.70
15 fl.ﬂ. 50 | 1811 13.23 6863.8 126 | 4.1 243 | 8.6 3150 | 6.07 99.82 | 5.2 19.2 | 6.9 848.47 1.63 3998.47 | 7.70 15.50 117 0.58
16 8.A. 50 | 2081 7.55 2038.5 50| 54| 185 | 6.6 1250 | 4.63 41.41 | 6.5 L _SRe 35197 | 1.30 | 1601.97 | 5.93 12.06 1.60 0.79
16 fl.ﬂ. 50 | 2357 15.95 4402.2 60 | 46| 21.7 | 7.7 1500 | 5.43 68.55 | 4.0 248 | 8.9 582.67 | 2.11 2082.67 | 7.55 16.60 1.04 0.47
17 fl.ﬂ. 50 | 2882 17.03 8938.1 125 | 42| 238 | 85 3125 | 5.95 12017 | 4.4 229 | 8.2 1021.45 1.95 4146.45 | 7.90 16.64 0.98 0.46
18 .. 50 | 3139 8.75 2248.8 55 | 47| 214 | 7.6 1375 | 5.35 56.84 | 4.5 221 | 7.9 483.11 1.88 1858.11 | 7.23 15.51 1.77 0.83
19 .. 50 | 3941 13.18 10573.0 170 | 47| 212 | 7.5 4250°| 5.30 TSSO N 6.1 19.4 | 6.9 1325.24 1.65 5575.24 | 6.95 14.48 1.10 0.53
21 1.A. 50 | 4212 11.70 3170.7 60 | 45| 221 7.9 1500 | 5.54 49.15°| 55 181 1| 6.5 417.78 1.54 1917.78 | 7.08 14.35 1.23 0.60
22 4.A. 50 | 5028 15.27 12457.6 172 | 4.7 |- 21.1 gD 4300 |-5.27 149.42 |55 18.3. | 6.5 1270.07 1.56 5570.07 | 6.83 14.04 0.92 0.45
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FANTINN A-27 LL&@\W@H@@M?’]@HM@@QL%@L‘W@\‘] WAZHANITANUINL FEUTNNIIAAMINNANIT LTNUFABANNUNILIsTnRaa NNzl 70-0910 (F11)

Diesel CNG Total

RSN |, — —
1y me Cost Specific Specific

Laqel Consumption Cost Consumption Cost Energy Cost

Litre/

kms km/l | 100k MJ/ Baht/ km/ kgs/ MJ/ Baht/ Baht/ MJ/ton. Baht/ton.

Date Tons Ton.km Litres itre m km Baht km kgs kg 100km km Baht km Baht km MJ/km km km
23 1.A. 50 5304 11.40 3146.4 60 | 46| 21.7 | 7.7 1500 | 5.43 58.47 | 4.7 212 | 7.6 497.00 | 1.80 | 1997.00 | 7.24 15.30 1.34 0.63
24 31.A. 50 5823 10.25 5319.8 1056 49| 202 | 7.2 2625 | 5.06 | 109.77 | 4.7 212 | 7.6 933.05 | 1.80 | 3558.05 | 6.86 14.75 1.44 0.67
25 41.A. 50 6359 10.43 5587.8 110 | 49| 205 | 7.3 2750 | 513 98.47 | 54 184 | 6.6 837.00 | 1.56 | 3587.00 | 6.69 13.86 1.33 0.64
26 1.A. 50 6901 14.64 7934.3 105 | 52| 194 | 6.9 2625 | 4.84 Qbo-==l=tt6 178 | 6.4 822.00 | 1.52 | 3447.00 | 6.36 13.26 0.91 0.43
28 4.A. 50 7439 18.85 | 10139.1 122 | 44 227 | 81 3050 | 5.67 | 113.43 | 4.7 211 | 7.5 964.17 | 1.79 | 401417 | 7.46 15.59 0.83 0.40
29 4.A. 50 7709 15.95 4306.5 65| 4.2 | 241 8.6 1625 | 6.02 54.87 | 4.9 20.3 | 7.3 466.41 1.73 2091.41 | 7.75 15.82 0.99 0.49
30 #.A. 50 8229 15.54 8079.9 120 | 43| 231 | 82 3000 | . 5.77 . 139.83 | 3.7 26.9 | 9.6 | 1188.54 | 229 | 4188.54 | 8.05 17.81 1.15 0.52
31 #.A. 50 8513 14.00 3976.0 55| 62| 194 | 6.9 1375 | 4.84 60.43 | 4.7 213 [ 7.6 513.69 | 1.81 1888.69 | 6.65 14.49 1.03 0.48
1.8, 50 9035 12.95 6759.9 105 | 5.0 | 20.1 7.2 2625 | 5.03 118.15 | 4.4 22.6| 8.1 1004.27 1.92 3629.27 | 6.95 15.24 1.18 0.54
3 14.¢8. 50 9546 18.98 9696.2 106 | 4.8 | 20.7 7.4 2650 | 5.19 11192 | 46 2191 7.8 951.32 1.86 3601.32 | 7.05 15.20 0.80 0.37
4 1.8, 50 9831 19.20 5472.0 60 | 48| 211 7.5 1500 | 5.26 63.76 | 4.5 224 | 8.0 541.96 1.90 204196 | 7.16 15.48 0.81 0.37
5 1.8, 50 10357 16.58 8718.5 110 | 4.8 | 20.9 7.4 2750 | 5.23 118.39 | 4.4 225 | 8.0 1006.32 1.91 3756.32 | 7.14 15.47 0.93 0.43
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FANTINN A-27 LL&@\W@H@@M?’]@HM@@QL%@L‘W@\‘] WAZHANITANUINL FEUTNNIIAAMINNANIT LTNUFABANNUNILIsTnRaa NNzl 70-0910 (F11)
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Diesel CNG Total
FEEEVN |, — —
1y u’n:}m Cost Specific Specific
Lanel Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/ Baht/ km/ kgs/ MJ/ Baht/ Baht/ MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m km Baht km kgs kg 100km km Baht km Baht km MJ/km km km

8 1.8 50 10888 13.71 7282.0 M2 47 211 | 7.5 2800 | 5.27 | 113.26 | 4.7 213 | 7.6 962.71 1.81 3762.71 | 7.09 15.12 1.10 0.52
9 1.8, 50 11420 10.01 5326.7 100 | 53| 188 | 6.7 2500 | 4.70 | 123.63 | 4.3 232 | 83| 1050.86 | 1.98 | 3550.86 | 6.67 14.98 1.50 0.67
21 1.8. 50 12216 17.21 13696.1 190 | 42| 239 | 85 4750 ("6.97 17509 |"4.5 220 | 7.9 | 1488.27 | 1.87 | 6238.27 | 7.84 16.34 0.95 0.46
22 1.8 50 12494 28.90 8034.2 60| 46| 216 | 7.7 1500 | 5.40 67.61 | 4.1 243 | 8.7 574.69 | 2.07 | 2074.69 | 7.46 16.36 0.57 0.26
23 1.8 50 13024 18.15 9616.9 110 | 48| 208 | 7.4 2750 | 519 | 124.07 | 4.3 234 | 84| 1054.60 | 1.99 | 3804.60 | 7.18 15.74 0.87 0.40
28 Ld.¢l. 50 13308 15.35 4359.4 61| 47| 215 7.6 025 i Brdar 59.86 | 4.7 2111 75 508.84 1.79 2033.84 | 7.16 15.17 0.99 0.47
29 1.8, 50 14124 18.16 14819.9 175 4.7 | 214 7.6 4375 | 5.36 179.72.| 4.5 22.0°|-7.9 1527.58 1.87 5902.58 | 7.23 15.49 0.85 0.40
2 W.A. 50 14649 9.86 5177.8 100 | 5.3 19.0 6.8 2500 | 4.76 11454 | 4.6 218 | 7.8 973.59 1.85 3473.59 | 6.62 14.56 1.48 0.67
3 N.A. 50 15979 13.95 18558.5 300 | 44| 226 8.0 7500 | 5.64 279.00 | 4.8 210 | 75 2371.50 1.78 9871.50 | 7.42 15.51 1.1 0.53
6 N.A. 50 16794 22.15 18053.6 185 | 4.4 | 22.7 8.1 4625 | 5.67 179.82 | 4.5 221 | 7.9 1528.49 1.88 6153.49 | 7.55 15.95 0.72 0.34
8 n.A. 50 17319 15.98 8389.5 120 | 4.4 | 229 8.1 3000 | 5.71 10557 | 5.0 201 | 7.2 897.31 1.71 3897.31 | 7.42 15.31 0.96 0.46
9 N.A. 50 17847 19.23 101521 115 46| 21.8 7.7 2875 | 5.45 116.13 | 4.5 220 | 7.9 987.12 1.87 3862.12 | 7.31 15.60 0.81 0.38
11 W.A. 50 18132 5.85 1667.3 56 | 5.1 19.6 7.0 1400 | 4.91 62.41 | 4.6 219 | 7.8 530.46 1.86 1930.46 | 6.77 14.81 2.53 1.16

G9¢
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Diesel CNG Total

FERENW |, - o
1y u'n:}m Cost Specific Specific

Lanel Consumption Cost Consumption Cost Energy Cost

Litre/

kms km/l | 100k | MJ/ Baht/ km/ kgs/ MJ/k Baht/ Baht/ MJ/ton. Baht/ton.

Date Tons Ton.km Litres itre m km Baht km kgs kg 100km m Baht km Baht km MJ/km km km
12 W.A. 50 18670 16.49 8873.0 16| 46| 216 | 7.7 2900 | .39 | 108.22 | 5.0 20.1 7.2 919.85 | 1.71 3819.85 | 7.10 14.85 0.90 0.43
13 W.A. 50 19463 13.44 | 10657.9 165 | 48| 208 | 74 4125 | 5.20 | 175.22 | 4.5 221 79| 1489.40 | 1.88 | 5614.40 | 7.08 15.29 1.14 0.53
14 W.A. 50 19743 9.30 2604.0 55| 51| 196 | 7.0 1375 | 4.91 GEENNG 270 97 643.34 | 2.30 | 2018.34 | 7.21 16.64 1.79 0.78
15 W.A. 50 20270 16.46 8674.4 10| 48| 209 | 74 2750 | 522 | 110.18 | 4.8 209 | 7.5 936.56 | 1.78 | 3686.56 | 7.00 14.89 0.90 0.42
17 W.A. 50 20793 9.66 5049.6 105 | 50| 201 | 71 2625 | 6.02 | 103.29 | 51 197 74 87798 | 1.68 | 350298 | 6.70 14.19 1.47 0.69
19 W.A. 50 21866 13.63 | 14626.3 217 | 49| 202 | 7.2 5425 |"5.06 | 198.85 | 5.4 185 | 6.6 | 1690.20 | 1.58 | 7115.20 | 6.63 13.81 1.01 0.49
13 8.8, 50 22404 10.68 5743.2 116 | 46| 216 | 7.7 2900 | 5.39 162.24 | 3.3 30.2+1 10.8 1379.01 2.56 4279.01 | 7.95 18.44 1.73 0.75
14 8.8, 50 22922 18.38 9518.3 110 | 47| 212 | 7.6 2750 | 5.31 127.66 | 4.1 24.6 8.8 1085.11 2.09 3835.11 | 7.40 16.35 0.89 0.40
15 1.8, 50 23460 20.60 11082.8 120 45| 223 | 7.9 3000 | 5.58 147.35 | 3.7 27.4 9.8 125248 | 2.33 4252.48 | 7.90 17.71 0.86 0.38
16 §.81. 50 24030 17.23 9818.3 1251 46| 219 | 7.8 3125 | 5.48 98.19 | 5.8 172 | 6.1 834.62 | 1.46 | 3959.62 | 6.95 13.95 0.81 0.40
17 4.8, 50 24546 11.08 5714.7 105 49| 2038 | 7.2 2625 | 5.09 103.45 | 5.0 20.0 7.2 879.33 1.70 3504.33 | 6.79 14.40 1.30 0.61
18 4.8, 50 25070 14.70 7702.8 110 48| 21.0| 75 2750 | 5.25 107.27 | 4.9 20.5 7.3 911.80 1.74 3661.80 | 6.99 14.78 1.01 0.48

99¢
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
Laqel Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/ Baht/ km/ kgs/ MJ/k Baht/ Baht/ MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m km Baht km kgs kg 100km m Baht km Baht km MJ/km km km

19N.A.50 274 14.13 3871.6 65| 42| 23.7| 84 1625 | 5.93 53.81 | 5.1 19.6 7.0 457.39 | 1.67 | 2082.39 | 7.60 15.45 1.09 0.54
19N.A.50 784 7.29 3715.4 95 | 54| 186 | 6.6 2375 | 4.66 97.81 | 5.2 19.2 6.8 831.39 | 1.63 | 3206.39 | 6.29 13.47 1.85 0.86
20W.A.50 1290 15.37 77747 1251 40| 247 | 8.8 3125 [F6.18 1 =101.45° 5°0 20.0 7.2 862.33 | 1.70 | 3987.33 | 7.88 15.95 1.04 0.51
21NW.A.50 1558 17.78 4763.7 65| 41| 243 | 86 1625 | 6.06 65. 74|41 24.5 8.8 558.82 | 2.09 | 2183.82 | 8.15 17.39 0.98 0.46
22N.A.50 1829 12.10 32791 63 | 43| 232 | 83 1575 | 5.81 58.14 | 4.7 21.5 7.7 494.21 1.82 | 2069.21 | 7.64 15.93 1.32 0.63
23N.A.50 2348 9.85 5113.4 122 | 4.3 | 235 8.4 3050 | 5.88 11761 | 4.4 22.7 8.1 999.65 1.93 4049.65 | 7.80 16.45 1.67 0.79
251.A.50 2869 7.62 3967.4 117 45| 225 8.0 2925 | 5.61 106.87 | 4.9 20.5 7.3 908.43 1.74 3833.43 | 7.36 15.31 2.01 0.97
26W.A.50 3363 15.31 7560.7 116 | 43| 235 | 84 2900 | 5.87 77.29 | 6.4 15.6 5.6 656.97 | 1.33 | 3556.97 | 7.20 13.94 0.91 0.47
27N.A.50 3634 7.22 1955.3 61| 44| 225 8.0 1525 | 5.63 66.15 | 4.1 24.4 8.7 562.27 2.07 2087.27 | 7.70 16.72 2.32 1.07
28N.A.50 4131 13.36 6641.2 105 | 47| 211 7.5 2625 | 5.28 87.31 | 5.7 17.6 6.3 74211 1.49 336711 | 6.77 13.79 1.03 0.51
29N.A.50 4649 15.05 7795.9 123 | 4.2 | 23.7 8.4 3075 | 5.94 108.01 | 4.8 20.9 7.4 918.10 1.77 3993.10 | 7.71 15.89 1.06 0.51
18.21.50 4930 8.15 2290.2 48 | 5.9 17.1 6.1 1200 | 4.27 5294 | 53 18.8 6.7 450.02 1.60 1650.02 | 5.87 12.80 1.57 0.72
24.21.50 5214 10.70 3038.8 54| 53 19.0 6.8 1350 |4.75 57.67 | 4.9 20.3 7.2 490.18 1.73 1840.18 | 6.48 14.01 1.31 0.61

19¢
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Diesel CNG Total
TLEUASNN y o

1y UImUN Cost Specific Specific

1R Consumption Cost Consumption Cost Energy Cost

Litre/

kms km/l | 100k MJ/k Baht/ km/ kgs/ MJ/k Baht/ MJ/ton. | Baht/ton.

Date Tons Ton.km Litres itre m m Baht km kgs kg 100km m Baht km Baht Baht’/km | MJ/km km km
43.81.50 5487 10.90 2975.7 58 | 47| 21.2 7.6 1450 | 5.31 56.81 | 4.8 20.8 7.4 482.86 | 1.77 | 1932.86 7.08 | 14.99 1.37 0.65
531.81.50 5777 18.50 5365.0 80| 3.6 | 276 9.8 2000 | 6.90 65.88 | 4.4 22.7 8.1 559.98 | 1.93 | 2559.98 8.83 | 17.92 0.97 0.48
631.81.50 6047 16.03 4326.8 59 | 46| 21.9 7.8 1475 | 5.46 59.599 45 221 7.9 506.49 | 1.88 | 1981.49 7.34 | 15.65 0.98 0.46
73.81.50 6323 12.44 34321 60 | 46| 21.7 7.7 1500 | 5.43 56.49 | 4.9 20.5 7.3 480.17 | 1.74 | 1980.17 717 | 15.04 1.21 0.58
831.81.50 6592 14.04 3776.8 64 | 42| 23.8 8.5 1600 | 5.95 R Lo | LA 19.2 6.8 438.24 | 1.63 | 2038.24 7.58 | 15.31 1.09 0.54
93.81.50 6863 7.95 2154.5 551 49| 20.3 7.2 13757 [ =567 5242 | 5.2 19.3 6.9 44557 1.64 1820.57 6.72 | 1413 1.78 0.85
108.2.50 7148 9.97 2840.0 57| 50| 20.0 el 1425 | .5.00 47.78 | 6.0 16.8 6.0 406.13 143 1831.13 6.43 | 13.10 1.31 0.64
118.2.50 7415 19.38 5173.1 95| 28| 356 12.7 2375 | 8.90 4910 | 54 18.4 0.6 417.35 1.56 2792.35 1046 | 19.22 0.99 0.54
13%.2.50 7709 9.35 2748.9 751 39| 255 9.1 1875 | 6.38 51.73 | 5.7 17.6 6.3 439.71 1.50 2314.71 7.87 | 15.36 1.64 0.84
14%.21.50 7979 6.95 1876.5 62| 44| 23.0 8.2 1550 5.74 5574 | 4.8 20.6 7.4 473.79 1.75 2023.79 7.50 | 15.54 2.24 1.08
15%.2.50 8287 10.45 3218.6 109 | 2.8 | 354 12.6 2725 | 8.85 40.83.| 7.5 13.3 4.7 347.06 1.13 3072.06 9.97 | 17.32 1.66 0.95
208.81.50 8575 17.55 5054.4 9 3.2 | 316 11.2 2275 | 7.90 43.82 | 6.6 15.2 54 372.47 1.29 2647.47 9.19 | 16.67 0.95 0.52
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
L[ Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

2131.21.50 8862 7.65 2195.6 177 1 16| 61.7 | 21.9 4425 | 15.42 46.89 | 6.1 16.3 5.8 398.57 | 1.39 | 482357 | 16.81 | 27.77 3.63 2.20
274.21.50 9381 12.05 6254.0 115 | 45| 222 7.9 2875 5.54 83.30 | 6.2 16.1 5.7 708.05 | 1.36 | 3583.05 6.90 | 13.61 1.13 0.57
2811.21.50 9651 15.50 4185.0 55| 49| 204 7.2 1375 5.09 4599 | 5.9 17.0 6.1 390.92 | 145 | 1765.92 6.54 | 13.33 0.86 0.42
2931.¢1.50 10163 13.28 6796.8 115 | 45| 225 8.0 2875 5.62 95.51 | 5.4 18.7 6.7 811.84 | 159 | 3686.84 7.20 | 14.65 1.10 0.54
308.21.50 10678 9.81 5053.4 110 | 47| 214 7.6 2750 534 92.15 | 5.6 17.9 6.4 783.28 | 1.52 | 3533.28 6.86 | 13.99 1.43 0.70
1n.A.50 11193 11.60 5974.0 110 47| 214 7.6 2750 5:34 93.84 | 55 18.2 6.5 797.64 1.55 3547.64 6.89 | 14.10 1.22 0.59
3n.A.50 11705 7.41 3795.2 110 47| 21.5 7.6 2750 Do 91.81 | 5.6 17.9 6.4 780.39 1.52 3530.39 6.90 | 14.04 1.89 0.93
4n.m.50 12222 16.52 8539.5 115 45| 222 7.9 2875 5.56 76.11 | 6.8 14.7 5.3 646.94 1.25 3521.94 6.81 13.17 0.80 0.41
5n.A.50 12733 8.90 4547.9 110 46| 21.5 7.7 2750 5.38 99.86 | 5.1 19.5 7.0 848.81 1.66 3598.81 7.04 | 14.63 1.64 0.79
6n.A.50 13006 15.00 4095.0 55| 5.0| 20.1 7.2 1375 5.04 48.78 | 5.6 17.9 6.4 41463 | 1.52 | 1789.63 6.56 | 13.55 0.90 0.44
70.A.50 13512 16.83 8513.5 115 | 44| 22.7 8.1 2875 5.68 96.56 | 5.2 19.1 6.8 820.76 | 1.62 | 3695.76 7.30 | 14.90 0.89 0.43
9n.A.50 13786 18.50 5069.0 60 | 46| 21.9 7.8 1500 5.47 47.07 | 5.8 17.2 6.1 400.10 | 1.46 | 1900.10 6.93 | 13.92 0.75 0.37
34.A.50 14055 12.45 3349.1 55| 49| 204 7.3 1375 511 54.08 | 5.0 20.1 7.2 459.68 1.71 1834.68 6.82 | 14.45 1.16 0.55

69¢
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Diesel CNG Total
TLEUASNN y o

1y UINUN Cost Specific | Specific

L’ﬂalzl Consumption Cost Consumption Cost Energy Cost

Litre/

kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. | Baht/ton

Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km .km
44.A.50 14573 14.84 7685.8 105 | 49| 20.3 7.2 2625 5.07 99.01 | 6.2 19.1 6.8 841.59 | 1.62 | 3466.59 6.69 | 14.03 0.95 0.45
5&.A.50 15093 11.13 5785.0 105 | 5.0| 20.2 7.2 2625 5.05 98.37 | 5.3 189 | 6.8 836.15 | 1.61 3461.15 6.66 | 13.94 1.25 0.60
64.A.50 15603 13.29 6776.6 105 | 49| 206 7.3 2625 5.15 | 108.35 | 4.7 212 7.6 920.98 | 1.81 3545.98 6.95 | 14.91 112 0.52
84.m.50 16127 18.23 9549.9 120 | 44| 229 8.1 3000 Eefr——l0amm) 0 20.1 7.2 894.37 | 1.71 3894.37 7.43 | 15.31 0.84 0.41
94.mA.50 16649 10.91 5696.3 12| 47| 215 7.6 2800 536 | 103.90 | 5.0 199 | 741 883.15 | 1.69 | 3683.15 7.06 | 14.74 1.35 0.65
102.m.50 17171 8.40 4384.8 115 45| 220 7.8 2875 5754 12225 | 4.3 23.4 8.4 | 1039.11 1.99 391411 7.50 | 16.20 1.93 0.89
112.m.50 17681 14.14 7210.1 110 46| 216 Vi 4 2750 oweiC) 100.23 | 5.1 19.7 7.0 851.91 1.67 3601.91 7.06 | 14.69 1.04 0.50
134.A.50 17955 22.55 6178.7 61| 45| 223 7.9 1525 SRSV 46.26 | 5.9 169 | 6.0 393.20 | 1.44 | 1918.20 7.00 | 13.95 0.62 0.31
144.A.50 18476 9.80 5105.8 115 | 45| 221 7.9 2875 5.52 80.51 | 6.5 156 | 55 684.29 | 1.31 3559.29 6.83 | 13.37 1.36 0.70
1524.m.50 19237 14.11 10736.4 170 | 45| 223 7.9 4250 5.58 14166 | 54 18.6 6.6 | 1204.08 1.58 5454.08 717 | 14.59 1.03 0.51
172.A.50 19761 9.65 5056.6 115 46| 21.9 7.8 2875 5.49 11348 | 4.6 21.7 7.7 964.59 1.84 3839.59 7.33 | 15.54 1.61 0.76
182.m.50 20274 17.15 8798.0 116 | 44| 226 8.0 2900 5.65 92.37 | 5.6 18.0 6.4 785.14 1.53 3685.14 718 | 14.47 0.84 0.42

0/L¢
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
L[ Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

101.A.50 499 13.24 6595.4 1551 32| 311 | 111 3875 7.78 82.50 | 6.0 16.6 59 701.23 | 1.41 4576.23 9.19 | 16.99 1.28 0.69
T11.A.50 1005 9.97 5047.0 147 | 34| 291 | 10.3 3675 7.26 76.94 | 6.6 15.2 5.4 654.00 | 1.29 | 4329.00 8.56 | 15.76 1.58 0.86
121.A.50 1265 19.99 5197.4 69 | 3.8 | 26.5 9.4 1725 6.63 53:28 | 4.9 20.5 7.3 45243 | 1.74 | 2177.43 8.37 | 16.75 0.84 0.42
131.A.50 1513 12.00 2976.0 63| 3.9 | 254 9.0 1575 6.35 50.07 | 5.0 20.2 7.2 425.57 | 1.72 | 2000.57 8.07 | 16.24 1.35 0.67
14N.A.50 1773 10.00 2600.0 68 | 3.8 | 26.2 9.3 1700 6.54 56.11 | 4.6 21.6 7.7 476.94 | 1.83 | 2176.94 8.37 | 17.01 1.70 0.84
151.A.50 2263 11.64 5693.2 1251 39| 256 9.1 3125 6.39 96.91 | 5.0 19.8 71 823.72 | 1.68 | 3948.72 8.08 | 16.17 1.39 0.69
17W.A.50 2758 17.93 8872.9 130 | 3.8 | 26.3 958 3250 6.57 104.01 | 4.8 21.0 7.5 884.09 1.79 4134.09 8.35 | 16.84 0.94 0.47
18W.A.50 3262 7.24 3646.4 120 | 4.2 | 23.8 8.5 3000 5.95 12354 | 4.1 24.5 8.8 | 1050.11 2.08 4050.11 8.04 | 17.22 2.38 1.1
19N.A.50 3753 7.91 3885.0 128 | 3.8 | 26.1 9.3 3200 6.52 91.08 | 54 18.5 6.6 77417 | 158 | 3974.17 8.09 | 15.90 2.01 1.02
21NW.A.50 4238 15.35 7444.8 135 | 3.6 | 27.8 9.9 3375 6.96.| 110.38 | 4.4 22.8 8.1 938.23 | 1.93 | 4313.23 8.89 | 18.03 117 0.58
24N.A.50 4763 14.62 7672.9 130 | 4.0 | 24.8 8.8 3250 6.19 11353 | 4.6 21.6 7.7 965.01 1.84 4215.01 8.03 | 16.53 1.13 0.55
26N.A.50 5251 12.77 6231.8 125 3.9 | 256 9.1 3125 6.40 121.25 | 4.0 24.8 8.9 | 1030.63 | 2.11 4155.63 852 | 17.98 1.41 0.67
27N.A.50 5735 11.53 5578.1 135 | 36| 27.9 9.9 3375 6.97 7271 | 6.7 15.0 5.4 618.04 1.28 3993.04 8.25 | 15.29 1.33 0.72

LLC
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Diesel CNG Total
TLEUASNN y o
1y UINUN Cost Specific Specific
1R Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

18.81.50 6753 13.04 | 13272.2 275 | 3.7 | 27.0 9.6 6875 6.75 | 176.16 | 5.8 173 | 6.2 | 1497.36 | 1.47 | 8372.36 8.22 | 15.79 1.21 0.63
64.21.50 6997 5.30 1293.2 60 | 41| 246 8.7 1500 6.15 5445 | 4.5 223 | 8.0 462.83 | 1.90 | 1962.83 8.04 | 16.71 3.15 1.52
78.21.50 7485 11.68 5697.4 128 | 3.8 | 26.2 9.3 3200 6.56 97.51 | 5.0 200 | 71 828.79 | 1.70 | 4028.79 8.26 | 16.46 1.41 0.71
84.21.50 8527 15.08 | 15714.7 294 | 35| 282 | 10.0 7350 7.05 | 237.37 | 4.4 228 | 81| 2017.65 | 1.94 | 9367.65 8.99 | 18.17 1.20 0.60
143.21.50 9015 15.16 7395.6 132 | 3.7 | 27.0 9.6 3300 6.76| 100.58 | 4.9 206 | 7.4 85493 | 1.75| 4154.93 8.51 | 16.98 112 0.56
158.81.50 9509 12.28 6063.9 140 | 3.5 | 283 10.1 3500 7.09 101.39 | 4.9 20.5 7.3 861.82 1.74 4361.82 8.83 | 17.41 1.42 0.72
178.81.50 10016 8.58 4347.5 128 | 40| 25.2 9.0 3200 6.31 99.00.|.5.1 19.5+1 7.0 841.50 | 1.66 | 4041.50 7.97 | 15.95 1.86 0.93
194.81.50 10268 16.03 4038.3 62| 41| 246 8.8 1550 6.15 48.71 | 5.2 193 | 6.9 414.01 | 1.64 | 1964.01 7.79 | 15.65 0.98 0.49
208.81.50 10766 21.95 | 109311 145 3.4 | 29.1 104 3625 7.28 113.88 | 44 229 8.2 967.96 1.94 4592.96 9.22 | 18,52 0.84 0.42
218.81.50 11017 15.30 3840.3 70| 36| 279 9.9 1750 6.97 4355 | 5.8 17.4 6.2 370.18 1.47 2120.18 8.45 | 16.11 1.05 0.55
2241.¢1.50 11508 14.23 6984.5 138 | 3.6 | 28.1 | 10.0 3450 7.03 | 12760 | 3.8 26.0 | 93| 1084.56 | 2.21 4534.56 9.24 | 19.28 1.36 0.65
243.81.50 12007 18.21 9084.3 140 | 3.6 | 28.1 10.0 3500 7.01 105.58 | 4.7 21.2 7.6 897.43 1.80 4397.43 8.81 17.53 0.96 0.48
264.81.50 12490 14.79 7144.8 110 | 44| '22.8 8.1 2750 5:69 10529 | 4.6 21.8 7.8 894.97 1.85 3644.97 7.55 | 15.88 1.07 0.51
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

278.21.50 13019 12.23 6467.0 110 | 4.8 | 20.8 7.4 2750 520 | 106.52 | 5.0 20.1 7.2 90542 | 1.71 3655.42 6.91 | 14.59 1.19 0.57
308.£1.50 13537 11.23 5814.6 10| 47| 21.2 7.6 2750 5.31 106.54 | 4.9 204 | 7.3 897.09 | 1.73 | 3647.09 7.04 | 14.83 1.32 0.63
111.A.50 14040 17.90 9003.7 10| 46| 219 7.8 2750 547 | 11545 | 44 230 | 82 981.33 | 1.95| 3731.33 7.42 | 15.97 0.89 0.41
12n.A.50 14530 10.96 5370.9 115 43| 235 8.3 2875 5.87 9300k b 2 192 | 6.8 798.95 | 1.63 | 3673.95 7.50 | 15.20 1.39 0.68
13n.A.50 15020 16.63 8146.3 115 43| 235 8.3 2875 587 | 107.04 | 4.6 2181 7.8 909.84 | 1.86 | 3784.84 7.72 | 16.15 0.97 0.46
14n.m.50 15509 10.35 5061.2 110 | 44| 225 8.0 2750 5.62 102.46 | 4.8 21.0 7.5 870.91 1.78 3620.91 7.40 | 15.48 1.50 0.72
15n.A.50 15986 9.13 4352.6 110 | 4.3 | 23.1 8.2 2750 5.77 114.44 | 4.2 24.0 8.6 972.74 | 2.04 3722.74 7.80 | 16.77 1.84 0.86
17n.A.50 16496 13.03 66471 110 | 46| 21.6 7.7 2750 5.39 114.33 | 4.5 22.4 8.0 971.81 1.91 3721.81 7.30 | 15.68 1.20 0.56
18n.A.50 16964 19.35 9055.8 120 | 3.9 | 256 9.1 3000 6.41 98.97 | 4.7 211 7.5 841.20 1.80 3841.20 8.21 16.67 0.86 0.42
19n.A.50 17454 18.39 9009.9 115 43| 235 8.3 2875 5.87 101.68 | 4.8 20.8 7.4 864.24 1.76 3739.24 7.63 | 15.76 0.86 0.42
20n.A.50 17939 15.33 7432.6 110 | 44| 22.7 8.1 2750 5.67 77.65 | 6.2 16.0 | 5.7 659.99 | 1.36 | 3409.99 7.03 | 13.78 0.90 0.46
22n.A.50 18437 12.78 6362.0 110 | 45| 221 7.9 2750 5.52 83.06 | 6.0 16.7 6.0 705.97 1.42 3455.97 6.94 | 13.81 1.08 0.54
23n.A.50 18935 11.15 5552.7 115 | 43 | 23.1 8.2 2875 577 8756 | 5.7 17.6 6.3 744.25 1.49 3619.25 7.27 | 14.49 1.30 0.65
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Diesel CNG Total

RSN |, — —
1y u’W:un Cost Specific Specific

(O} Consumption Cost Consumption Cost Energy Cost

Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

24n.A.50 19416 17.48 8405.5 120 | 40| 249 8.9 3000 6.24 80.77 | 6.0 16.8 | 6.0 686.55 | 1.43 | 3686.55 7.66 | 14.87 0.85 0.44
25n.A.50 19913 17.60 8448.0 115 42| 24.0 8.5 2875 5.99 82.60 | 5.8 172 | 641 70210 | 1.46 | 3577.10 7.45 | 14.67 0.83 0.42
26n.A.50 20401 11.78 5746.2 110 | 44| 225 8.0 2750 5.64 88.71 | 5.5 182 | 6.5 754.01 | 1.55 | 3504.01 7.18 | 14.51 1.23 0.61
15n.A.50 15986 9.13 4352.6 110 | 43| 231 8.2 2750 577 | 11444 | 4.2 240 | 8.6 972.74 | 2.04 | 3722.74 7.80 | 16.77 1.84 0.86

v.c




dl v o cg: A d” a o { a ¥ 1 o =
F1979N A-30 LL&@\W@H@@M?’]@HM@@QL%@L‘W@\‘] WAZHANITANUINL FEUTNNIIAAMINNANIT LTNUFABANNUNILIsTnRa nNzLleu 70-3440

275

FzEzN Diesel CNG Total

19l ‘lf’mﬁ/n Cost Specific Specific

91U L’aﬁiﬂl Consumption Cost Consumption Cost Energy Cost

Litre/

kms Litre | km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.

Date Tons Ton.km s itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km
4N.A.50 269 7.00 1876.0 64 | 42| 239 8.5 1600 5.97 44.07 | 6.1 16.4 5.9 374.57 | 1.40 1974.57 7.37 | 14.37 2.05 1.05
5W.A.50 5562 3.85 1089.6 67 | 42| 23.7 8.4 1675 °. P 51.58 | 5.5 18.2 6.5 438.41 1.55 2113.41 7.47 | 14.93 3.88 1.94
6N.A.50 1071 15.06 78158 | 110 | 4.7 | 21.2 7.5 2750 SIS0 1028 358610 19.8 7.1 874.06 | 1.68 3624.06 6.98 | 14.61 0.97 0.46
7W.A.50 1610 19.31 | 104081 | 117 | 46| 21.7 7.7 2925 543 -106.35 | 5.1 19.7 7.0 904.01 1.68 3829.01 7.10 | 14.77 0.76 0.37
81.A.50 2117 10.73 5439.0 | 118 | 4.3 | 23.3 8.3 2950 5.82 O3 = I 18.4 6.6 793.10 | 1.56 3743.10 7.38 | 14.85 1.38 0.69
9N.A.50 2649 14.70 7820.4 | 109 | 49| 20.5 7.3 2725 5.12 | -120.11 | 44 22.6 8.1 1020.94 | 1.92 3745.94 7.04 | 15.35 1.04 0.48
10N.A.50 3178 15.63 8269.3 | 124 | 43 | 234 8.3 3100 5.86 67.54 | 7.8 12.8 | 4.6 574.09 | 1.09 3674.09 6.95 | 12.90 0.82 0.44
121.A.50 3704 2115 | 111236 | 113 | 4.7 | 215 7.6 2825 0.3 79.82 | 6.6 15.2 5.4 678.47 | 1.29 3503.47 6.66 | 13.06 0.62 0.31
13n.A. 50 4471 13.15 | 10084.8 | 184 | 4.2 | 24.0 8.5 4600 6.00 | 162.04 | 4.7 21.1 7.5 | 1377.31 1.80 5977.31 7.79 | 16.08 1.22 0.59
151.A.50 6038 15.62 | 244726 | 351 | 45| 224 8.0 8775 5.60 | .350.22 | 4.5 22.3 8.0 | 2976.87 | 1.90 11751.87 7.50 | 15.95 1.02 0.48
T9N.A.50 6547 18.16 9242.2 | 130 | 3.9 | 255 9.1 3250 6.39 | 113.10 | 4.5 22.2 7.9 961.35 | 1.89 4211.35 8.27 | 17.02 0.94 0.46
201.A.50 7096 6.97 3826.5 | 106 | 5.2 | 19.3 6.9 2650 4.83 82.60 | 6.6 15.0 5.4 702.10 | 1.28 3352.10 6.11 | 12.24 1.76 0.88
22W.A.50 7381 24.66 70281 62| 46| 218 7.7 1550 5.44 67.06 | 4.2 23.5 8.4 570.01 | -2.00 2120.01 7.44 | 16.14 0.65 0.30
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

240.A.50 7908 13.40 7061.8 118 | 45| 224 8.0 2950 5.60 99.76 | 5.3 189 | 6.8 847.96 | 1.61 3797.96 7.21 | 1472 1.10 0.54
25%.A.50 8432 10.18 5331.7 M2 47| 214 7.6 2800 5.34 99.80 | 5.3 19.0| 6.8 848.30 | 1.62 | 3648.30 6.96 | 14.40 1.42 0.68
26W.A.50 8945 7.60 3900.1 96 | 5.3 | 18.7 6.7 2400 468 | 11047 | 4.6 215 7.7 939.00 | 1.83 | 3339.00 6.51 | 14.34 1.89 0.86
27N.A.50 9475 10.38 5502.7 118 | 45| 223 7.9 2950 B2t 91.76 | 5.8 173 | 6.2 779.96 | 1.47 | 3729.96 7.04 | 14.10 1.36 0.68
291.A.50 9833 18.81 6734.9 162 | 22| 453 | 16.1 4050 | 11.31 80.81 | 4.4 226 | 8.1 686.89 | 1.92 | 4736.89 | 13.23 | 24.16 1.28 0.70
30W.A.50 10356 14.60 7635.8 123 | 43| 235 8.4 3075 5.88 9429 | 55 180 | 6.4 801.47 | 1.53 | 3876.47 7.41 | 14.80 1.01 0.51
18.21.50 10919 8.23 4630.7 110 | 5.1 195 7.0 2750 4.88 | 130.07 [ 4.3 o 8.2 | 1105.60 | 1.96 | 3855.60 6.85 | 15.20 1.85 0.83
24.81.50 11448 14.95 7908.6 1151 46| 21.7 7.7 2875 5.43 90.63 | 5.8 174 6.1 770.36 | 1.46 | 3645.36 6.89 | 13.85 0.93 0.46
4%.21.50 12001 9.58 5295.0 126 | 4.4 | 22.8 8.1 3150 5.70 113.61 | 4.9 20.5 7.3 965.69 1.75 4115.69 7.44 | 1544 1.61 0.78
64.81.50 12507 11.74 5940.4 103 | 49| 204 7.2 2575 5.09 11196 | 4.5 221 7.9 951.66 1.88 3526.66 6.97 | 15.14 1.29 0.59
74.81.50 13053 11.10 6060.6 122 | 45| 223 7.9 3050 559 | 112,50 | 4.9 206 | 74 956.25 | 1.75 | 4006.25 7.34 | 15.30 1.38 0.66
93.81.50 13335 7.65 2157.3 56| 50| 19.9 71 1400 4.96 4134 | 6.8 14.7 5.2 351.39 1.25 1751.39 6.21 12.30 1.61 0.81
118.2.50 13872 21.36 | 11467.6 145 | 37 | '27.0 9.6 3625 6.75 122,57 | 4.4 22.8 8.1 1041.85 1.94 4666.85 8.69 | 17.75 0.83 0.41
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

1334.21.50 14408 14.33 7678.2 142 | 3.8 | 26.5 9.4 3550 6.62 92.00 | 5.8 17.2| 641 782.00 | 1.46 | 4332.00 8.08 | 15.55 1.09 0.56
153.21.50 14934 11.10 5838.6 122 | 43| 23.2 8.3 3050 5.80 | 12257 | 4.3 233 | 83| 1041.85| 1.98 | 4091.85 7.78 | 16.57 1.49 0.70
163.21.50 15457 7.45 3896.4 120 | 44| 229 8.2 3000 5.74 82.03 | 6.4 1567 | 56 697.26 | 1.33 | 3697.26 7.07 | 13.76 1.85 0.95
174.21.50 15752 8.05 2374.8 60 | 49| 20.3 7.2 1500 5.08 7314 | 4.0 248 | 8.9 621.69 | 2.1 2121.69 7.19 | 16.09 2.00 0.89
183.21.50 16565 10.54 8571.7 208 | 3.9 | 256 9.1 5200 6.40| 110.50 | 7.4 136 | 4.9 939.25 | 1.16 | 6139.25 7.55 | 13.95 1.32 0.72
218.81.50 17643 15.69 | 16911.1 244 | 44| 22.6 8.1 6100 5.66 242.04 | 45 22.5 8.0 | 2057.34 1.91 8157.34 7.57 | 16.07 1.02 0.48
233.21.50 18184 14.38 7776.9 140 | 3.9 | 25.9 9.2 3500 6.47 97.20.|.5.6 18.01 6.4 826.20 | 1.53 | 4326.20 8.00 | 15.62 1.09 0.56
263.21.50 18695 15.30 7818.3 120 | 4.3 | 235 8.4 3000 5.87 99.20 | 5.2 194 | 6.9 843.20 | 1.65 | 3843.20 7.52 | 15.28 1.00 0.49
284.81.50 19220 9.10 4777.5 110 | 4.8 | 21.0 7.5 2750 5.24 76.12 | 6.9 14.5 5.2 647.02 1.23 3397.02 6.47 | 12.63 1.39 0.71
308.81.50 19751 8.18 4340.9 115 46 | 21.7 7.7 2875 5.41 79.29 | 6.7 14.9 5.3 673.97 1.27 3548.97 6.68 | 13.03 1.59 0.82
2n.A.50 20022 15.80 4281.8 55| 49| 20.3 7.2 1375 5.07 47.26 | 5.7 17.4 6.2 401.73 1.48 1776.73 6.56 | 13.45 0.85 0.41
18n.A.50 20521 24.03 | 11988.5 120 | 42| 24.0 8.6 3000 6.01 9463 | 5.3 190 | 6.8 804.34 | 1.61 3804.34 7.62 | 15.32 0.64 0.32
19n.A.50 21040 10.78 5592.2 110 | 47| '21.2 7.5 2750 5:30 7169 | 7.2 13.8 4.9 609.37 1.7 3359.37 6.47 | 1247 1.16 0.60
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Diesel CNG Total

RSN |, — —
1y u’W:un Cost Specific Specific

(O} Consumption Cost Consumption Cost Energy Cost

Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

20n.A.50 21560 13.93 7241.0 10| 47| 21.2 7.5 2750 5.29 99.41 | 6.2 19.1 6.8 84499 | 1.62 | 3594.99 6.91 | 14.35 1.03 0.50
26n.A.50 22093 8.93 4757.0 110 | 4.8 | 20.6 7.3 2750 5.16.| 107.93 | 4.9 202 | 7.2 917.41 | 1.72 | 3667.41 6.88 | 14.57 1.63 0.77
27n.A.50 22598 8.05 4065.3 10| 46| 218 7.7 2750 5.45 256IN6 9 14.4 | 51 617.70 | 1.22 | 3367.70 6.67 | 12.89 1.60 0.83
231.21.50 18184 14.38 7776.9 140 | 39| 259 9.2 3500 6.47 97.20 | 5.6 180 | 6.4 826.20 | 1.53 | 4326.20 8.00 | 15.62 1.09 0.56
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Diesel CNG Total
TLEUASNN y o
1y UINUN Cost Specific Specific
L’ﬂalzl Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

2 W.A. 50 208 13.95 3765.2 55| 49| 204 7.2 1375 5.09 58.88 | 4.6 218 7.8 500.47 | 1.85 | 1875.47 6.95 | 15.03 1.08 0.50
3 W.A. 50 568 26.25 7086.2 77 35| 285 | 101 1925 7.13 65.37 | 4.1 242 | 8.6 555.62 | 2.06 | 2480.62 9.19 | 18.79 0.72 0.35
4 W.A. 50 834 17.06 4536.6 69 | 3.9 | 259 9.2 1725 6.48 49.31 | 54 185 | 6.6 41912 | 1.58 | 2144.12 8.06 | 15.85 0.93 0.47
5 W.A. 50 1100 3.70 984.2 46 | 5.8 | 17.3 6.2 1150 4.32 5719 | 4.7 215 7.7 486.12 | 1.83 | 1636.12 6.15 | 13.83 3.74 1.66
6 W.A.50 1611 13.69 6996.9 17 44| 229 8.1 2925 BrfZ——107508=5 0 200 741 866.97 | 1.70 | 3791.97 742 | 15.27 112 0.54
7 N.A. 50 2129 18.46 9562.3 116 | 45| 224 8.0 2900 5.60 84.60 | 6.1 16.3 | 5.8 719.06 | 1.39 | 3619.06 6.99 | 13.80 0.75 0.38
8 N.A.50 2637 11.24 5677.5 116 | 44| 23.0 8.2 2900 5.74 107.44 | 4.7 21.3 7.6 913.24 1.81 3813.24 7.55 | 15.77 1.40 0.67
9 N.A. 50 2907 10.15 2730.4 55| 49| 204 7.3 457 5.1 65.48 | 4.1 24.3 8.7 556.59 | 2.07 1931.59 718 | 15.96 1.57 0.71
10W.A. 50 3670 14.24 | 10862.6 184 | 4.1 241 8.6 4600 6.03 162.04 | 4.7 21.2 7.6 | 1377.31 1.81 5977.31 7.83 | 16.16 1.14 0.55
11 W.A. 50 4189 20.04 | 103991 121 | 43| 233 8.3 3025 5.83 124.60 | 4.2 24.0 8.6 | 1059.13 | 2.04 4084.13 7.87 | 16.86 0.84 0.39
12W.A.50 4700 13.98 7141.2 115 44| 225 8.0 2875 5.63 1710 | 4.4 22.9 8.2 995.38 1.95 3870.38 7.57 | 16.19 1.16 0.54
13W.A.50 5208 11.60 5892.7 112 | 45| 220 7.8 2800 5.51 104.65 | 4.9 20.6 7.4 889.49 1.75 3689.49 7.26 | 15.20 1.31 0.63
14NW.A.50 5734 14.95 7863.7 115 | 46| '21.9 7.8 2875 547 11498 | 4.6 21.9 7.8 977.34 1.86 3852.34 7.32 | 15.58 1.04 0.49
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

15N.A.50 6250 22.93 | 11829.3 12| 46| 21.7 7.7 2800 543 | 129.84 | 4.0 252 9.0] 1103.61 | 2.14 | 3903.61 7.57 | 16.70 0.73 0.33
16W.A.50 6762 10.75 5505.3 101 | 5.1 | 19.7 7.0 2525 493 | 132.65 | 3.9 259 | 92| 112751 | 2.20 | 3652.51 713 | 16.27 1.51 0.66
17N.A.50 7281 11.95 6203.3 12| 46| 216 7.7 2800 5.39 | 12119 | 4.3 234 | 83| 1030.15| 1.98 | 3830.15 7.38 | 16.01 1.34 0.62
18N.A.50 7793 15.65 8012.8 17 44| 229 8.1 2925 B 1539=76=im3. 7 2721 9.7 | 1183.66 | 2.31 4108.66 8.02 | 17.84 1.14 0.51
240.A.50 8313 10.75 5590.0 100 | 5.2 | 19.2 6.8 2500 4.81 11799 | 4.4 22.7 | 8.1] 1002.91 | 1.93 | 3502.91 6.74 | 14.94 1.39 0.63
25N.A.50 8837 14.03 7349.1 112 | 47| 214 7.6 2800 5:34 120.98 | 4.3 23.1 8.2 | 1028.33 1.96 3828.33 7.31 15.85 1.13 0.52
26W.A.50 9349 16.80 8601.6 103 | 5.0| 20.1 2 Shasiia 5.03 | 121.99 | 4.2 23.8| 85| 1036.90 | 2.03 | 3611.90 7.05| 15.66 0.93 0.42
27N.A.50 9859 17.00 8670.0 120 | 4.3 | 235 8.4 3000 588 | 12117 | 4.2 23.8 | 85| 1029.95| 2.02 | 4029.95 7.90 | 16.85 0.99 0.46
29N.A.50 10349 24.08 | 11796.8 104 | 47| 21.2 7.6 2600 5.31 144.06 | 3.4 29.4 | 10.5 | 1224.48 | 2.50 3824.48 7.81 18.05 0.75 0.32
30n.A.50 11371 16.48 | 16837.5 205 | 5.0 | 20.1 71 5125 5.01 264.23 | 3.9 25.9 9.2 | 224597 | 2.20 7370.97 7.21 16.37 0.99 0.44
18.81.50 11653 16.90 4765.8 55| 51| 195 6.9 1375 4.88 86.28 | 3.3 30.6 | 10.9 733.41 | 260 | 2108.41 748 | 17.86 1.06 0.44
64.81.50 12177 18.43 9654.7 125 4.2 | 23.9 8.5 3125 5.96 106.13 | 4.9 20.3 7.2 902.14 1.72 4027.14 7.69 | 15.72 0.85 0.42
831.81.50 12698 19.50 | 10159.5 123 | 42| '23.6 8.4 3075 590 | 108.30 | 4.8 208 | 74 920.55 | 1.77 | 3995.55 7.67 | 15.82 0.81 0.39
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

93.21.50 12976 8.20 2279.6 59 | 47| 21.2 7.5 1475 5.31 59.62 | 4.7 214 7.7 506.77 | 1.82 | 1981.77 713 | 15.21 1.85 0.87
108.21.50 13505 17.38 9194.0 114 | 46| 216 7.7 2850 539 | 115622 | 4.6 218 | 7.8 979.37 | 1.85| 3829.37 7.24 | 15.44 0.89 0.42
113.21.50 14031 17.49 9199.7 128 | 41| 24.3 8.7 3200 6.08 | 141.86 | 3.7 27.0 | 9.6 | 1205.79 | 2.29 | 4405.79 8.38 | 18.28 1.05 0.48
133.21.50 14308 9.34 2585.8 59 | 47| 213 7.6 1475 E=57 60.54 | 4.6 2191 7.8 514.58 | 1.86 | 1989.58 7.18 | 15.38 1.65 0.77
143.21.50 14860 9.68 5340.6 116 | 48| 21.0 7.5 2900 525-| 136.14 | 41 247 | 88| 1157.21 | 210 | 4057.21 7.35 | 16.28 1.68 0.76
15%.2.50 15371 14.45 7384.0 117 44| 229 8.1 2925 Shf= 106.87 | 4.8 20.9 7.5 908.43 1.78 3833.43 7.50 | 15.61 1.08 0.52
164.81.50 15899 15.30 8078.4 118 | 45| 223 7.9 2950 5.59 | 123.35| 4.3 234 83| 1048.46 | 1.99 | 3998.46 7.57 | 16.29 1.06 0.49
178.2.50 16428 8.23 4351.0 130 | 4.1 24.6 8.7 3250 6.14 113.00 | 4.7 214 7.6 960.50 1.82 4210.50 7.96 | 16.37 1.99 0.97
19%.2.50 16928 15.20 7600.0 110 | 45| 22.0 7.8 2750 5.50 12494 | 4.0 25.0 89| 106196 | 2.12 3811.96 7.62 | 16.75 1.10 0.50
208.81.50 17456 11.93 6296.4 130 | 4.1 24.6 8.8 3250 6.16 11482 | 4.6 21.7 7.8 975.97 1.85 4225.97 8.00 | 16.52 1.39 0.67
218.81.50 17993 11.90 6390.3 110 49| 205 7.3 2750 5.12 131.75 | 41 24.5 8.8 | 1119.83 | 2.09 3869.83 7.21 16.05 1.35 0.61
2231.¢1.50 18516 7.50 3922.5 106 | 49| 20.3 7.2 2650 5.07 | 138.65| 3.8 26.5| 95| 1178.50 | 2.25 | 3828.50 7.32 | 16.67 2.22 0.98
234.81.50 19032 16.43 8475.3 113 | 46| '21.9 7.8 2825 547 126.79 | 41 24.6 8.8 | 1077.73 | 2.09 3902.73 7.56 | 16.56 1.01 0.46
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

251.21.50 19316 21.35 6063.4 65| 44| 229 8.1 1625 5.72 72.77 | 3.9 256 | 9.1 618.55 | 218 | 2243.55 7.90 | 17.29 0.81 0.37
261.21.50 19833 22.30 | 11529.1 124 | 42| 24.0 8.5 3100 6.00 | 128.01 | 4.0 248 | 88| 1088.09 | 2.10 | 4188.09 8.10 | 17.37 0.78 0.36
27.21.50 20861 10.80 | 11102.4 220 | 47| 214 7.6 5500 535 | 24142 | 4.3 235 | 84| 2052.04 | 2.00 | 7552.04 7.35 | 16.00 1.48 0.68
281.21.50 21385 6.83 3576.3 115 46| 219 7.8 2875 549 | 126.65 | 4.1 242 | 86| 1076.49 | 2.05| 3951.49 7.54 | 16.44 2.41 1.10
1n.A.50 21660 15.80 4345.0 55| 5.0 | 20.0 7.1 1375 5.00 64.69 | 4.3 235 | 84 549.87 | 2.00 | 1924.87 7.00 | 15.51 0.98 0.44
4n.m.50 22169 14.13 7189.6 115 44| 226 8.0 2875 5.65 128.40 | 4.0 25.2 9.0 | 1091.41 214 3966.41 7.79 | 17.04 1.21 0.55
5n.A.50 22686 9.93 5131.2 110 47| 21.3 7.6 2750 S 110.88 | 4.7 21.4 7.7 942.49 1.82 3692.49 714 | 15.23 1.53 0.72
6n.A.50 22958 6.15 1672.8 551 49| 20.2 7.2 457 5.06 60.38 | 4.5 22.2 7.9 513.23 1.89 1888.23 6.94 | 1512 2.46 1.13
7n.A.50 23473 11.40 5871.0 115 45| 223 7.9 2875 5.58 122.38 | 4.2 23.8 8.5 | 1040.26 | 2.02 3915.26 7.60 | 16.43 1.44 0.67
8n.A.50 23996 15.50 8106.5 115 | 45| 22.0 7.8 2875 550 | 123.26 | 4.2 236 | 84| 1047.73 | 2.00 | 3922.73 7.50 | 16.24 1.05 0.48
10n.A.50 24529 15.38 8194.9 115 46| 216 7.7 2875 5.39 150.61 | 3.5 28.3 | 10.1 | 1280.16 | 2.40 4155.16 780 | 17.76 1.16 0.51
11n.A.50 25087 19.13 | 10671.8 115 49| 20.6 7.3 2875 5.15 138.96 | 4.0 24.9 89 | 118117 | 2.12 4056.17 7.27 | 16.22 0.85 0.38
12n.A.50 25620 19.05 | 10153.7 115 | 46| 21.6 7.0 2875 5:39 141.78 | 3.8 26.6 9.5 | 120515 | 2.26 4080.15 766 | 1717 0.90 0.40
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Diesel CNG Total

RSN |, — —
1y me Cost Specific Specific

L[ Consumption Cost Consumption Cost Energy Cost

Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

13n.A.50 26130 17.05 8695.5 115 | 44| 225 8.0 2875 5.64 | 150.50 | 3.4 29.5 | 10.5 | 1279.26 | 2.51 4154.26 8.15 | 18.56 1.09 0.48
14n.A.50 26644 17.03 8750.9 110 | 47| 214 7.6 2750 5.35 | 109.54 | 4.7 21.3 7.6 931.07 | 1.81 3681.07 716 | 15.22 0.89 0.42
18n.A.50 27150 18.10 9158.6 115 | 44| 22.7 8.1 2875 B.08%— 128639 25.6 9.1 | 1101.21 | 218 | 3976.21 7.86 | 17.23 0.95 0.43
19n.A.50 27659 14.03 7138.7 110 | 46| 216 7.7 2750 540 | 133.84 | 3.8 26.3 9.4 | 1137.66 | 2.24 | 3887.66 7.64 | 17.07 1.22 0.54
20n.A.50 28163 12.63 6363.0 110 | 46| 21.8 7.8 2750 5.46-| 130.46 | 3.9 25.9 9.2 | 1108.92 | 2.20 | 3858.92 7.66 | 17.00 1.35 0.61
21n.A.50 28670 7.83 3967.3 115 | 4.4 | 22.7 8.1 2875 526 120.37 | 4.2 23.7 8.5 | 1023.15 | 2.02 3898.15 7.69 | 16.54 2.11 0.98
22n.A.50 29184 14.75 7581.5 110 47| 214 7.6 2750 Do 115147 | 4.5 22.4 8.0 978.95 1.90 3728.95 7.25 | 15.61 1.06 0.49
24n.A.50 29668 18.95 9171.8 120 | 4.0 | 24.8 8.8 3000 6.20 | 11717 | 4.1 24.2 8.6 995.95 | 2.06 | 3995.95 8.26 | 17.46 0.92 0.44
25n.A.50 30177 15.68 7978.6 115 44| 226 8.0 2875 5.65 11455 | 44 22.5 8.0 973.68 1.91 3848.68 7.56 | 16.07 1.03 0.48
26n.A.50 30692 11.05 5690.8 110 47| 214 7.6 2750 5.34 116.26 | 4.4 22.6 8.1 988.21 1.92 3738.21 7.26 | 15.66 1.42 0.66
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Diesel CNG Total

RSN |, — —
1y me Cost Specific Specific

(O} Consumption Cost Consumption Cost Energy Cost

Litre/

kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.

Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km
10N.A.50 499 16.64 8300.9 156 | 3.2 | 313 | 111 3900 7.82 82.28 | 6.1 16.5| 59 699.35 | 1.40 | 4599.35 9.22 | 17.01 1.02 0.55
T1N.A.50 993 14.86 7339.6 140 | 35| 283 | 101 3500 7.09 81.88 | 6.0 16.6 | 59 69598 | 1.41 4195.98 8.49 | 16.00 1.08 0.57
12NW.A.50 1242 8.70 2166.3 47 | 53| 189 6.7 1175 4.72 44.50 | 5.6 179 | 64 378.25 | 1.52 | 1553.25 6.24 | 13.09 1.51 0.72
13NW.A.50 1720 14.85 7098.3 M7 41| 245 8.7 2925 6.12 76.23 | 6.3 159 | 57 647.96 | 1.36 | 3572.96 747 | 14.40 0.97 0.50
14NW.A.50 2206 11.32 5500.3 12| 43| 23.0 8.2 2800 5.76 89.48 | 5.4 184 | 6.6 760.58 | 1.56 | 3560.58 7.33 | 1477 1.31 0.65
151.A.50 2697 19.12 9387.9 130 | 3.8 | 26.5 9.4 3250 6.62 87.34 | 5.6 178 | 6.4 742.39 | 1.51 3992.39 8.13 | 15.77 0.82 0.43
16W.A.50 3181 17.01 8232.8 130 | 3.7 | 26.9 9.6 3250 6.71 92.53.|..5.2 19.1 6.8 786.51 | 1.63 | 4036.51 8.34 | 16.38 0.96 0.49
17N.A.50 3668 10.03 4885.8 115 | 42| 236 8.4 2875 5.90 LNnL2 | 5.8 189 | 6.7 780.47 | 1.60 | 3655.47 7.51 | 1513 1.51 0.75
18W.A.50 4134 12.63 5883.3 120 | 3.9 | 258 9.2 3000 6.44 | 101.79 | 4.6 218 | 7.8 865.22 | 1.86 | 3865.22 8.29 | 16.96 1.34 0.66
TON.A.50 4632 13.40 6672.0 120 | 4.2 | 241 8.6 3000 6.02 96.15 | 5.2 19.3 6.9 817.28 1.64 3817.28 7.67 | 15.46 1.15 0.57
20W.A.50 5112 15.29 7336.8 120 | 4.0 | 25.0 8.9 3000 6.25 95.21 | 5.0 198 | 71 809.29 | 1.69 | 3809.29 7.94 | 1597 1.05 0.52
21N.A.50 5604 13.57 6677.7 131 3.8 | 26.6 9.5 3275 6.66 103.76 | 4.7 211 7.5 881.96 1.79 4156.96 8.45 | 17.00 1.25 0.62
22N.A.50 5865 23.76 6201.4 75| 35| 28.7 10.2 1875 718 53.32 | 49 20.4 7.3 453.22 1.74 2328.22 892 | 17.52 0.74 0.38
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
L[ Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

23NW.A.50 6125 19.93 5180.5 76| 34| 29.2| 104 1900 7.31 61.76 | 4.2 23.8 8.5 524.96 | 2.02 | 2424.96 9.33 | 18.88 0.95 0.47
24NW.A.50 6610 9.85 4774.8 105 | 46| 216 7.7 2625 5.41 93.36 | 5.2 19.2 6.9 793.56 | 1.64 | 3418.56 7.05 | 14.57 1.48 0.72
31NW.A.50 7097 19.08 9289.5 130 | 3.7 | 26.7 9.5 3250 6.67 | 110.66 | 4.4 22.7 8.1 940.61 1.93 | 4190.61 8.60 | 17.61 0.92 0.45
18.21.50 7585 6.98 3403.8 120 | 41| 246 8.7 3000 6:15-—109:35=124.5 22.4 8.0 929.48 | 1.90 | 3929.48 8.05 | 16.75 2.40 1.15
24.81.50 8066 11.09 5333.1 110 | 44| 229 8.1 2750 Bt 94.42 | 51 19.6 7.0 802.54 | 1.67 | 3552.54 7.39 | 15.14 1.37 0.67
78.81.50 8551 7.1 3445.9 110 | 4.4 | 22.7 8.1 2750 526 105.90 | 4.6 21.8 7.8 900.15 1.86 3650.15 7.53 | 15.86 2.23 1.06
84.81.50 9030 11.34 5430.7 116 | 4.1 24.2 8.6 2900 6.05 113.92 | 4.2 23.8 8.5 968.32 2.02 3868.32 8.08 | 17.11 1.51 0.71
931.81.50 9515 14.61 70871 120 | 4.0 | 247 8.8 3000 6.19 90.06 | 5.4 18.6 6.6 765.51 1.58 | 3765.51 7.76 | 15.43 1.06 0.53
108.2.50 10016 14.29 7160.5 131 3.8 | 261 9.3 3275 6.54 102.45 | 4.9 20.4 7.3 870.83 1.74 4145.83 8.28 | 16.60 1.16 0.58
118.81.50 10518 12.89 6470.8 140 | 3.6 | 27.9 9.9 3500 6.97.| 109.88 | 4.6 21.9 7.8 933.98 | 1.86 | 4433.98 8.83 | 17.73 1.38 0.69
128.21.50 10782 20.85 5504.4 78 | 34| 295 10.5 1950 7.39 75.86 | 3.5 28.7 | 10.3 644.81 2.44 2594.81 9.83 | 20.77 1.00 0.47
134.81.50 11043 6.75 1761.8 66 | 40| 253 9.0 1650 6.32 62.27 | 4.2 23.9 8.5 529.30 | 2.03 | 2179.30 8.35 | 17.51 2.59 1.24
144.81.50 11562 9.50 4930.5 130 | 4.0 ] 25.0 8.9 3250 6.26 86.74 | 6.0 16.7 6.0 737.29 | 142 | 3987.29 7.68 | 14.88 1.57 0.81
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Diesel CNG Total
RSN |, — —
1y me Cost Specific Specific
(O} Consumption Cost Consumption Cost Energy Cost
Litre/
kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.
Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km

153.21.50 12040 15.96 7630.1 135 35| 282 | 10.0 3375 7.06 | 101.76 | 4.7 213 7.6 864.96 | 1.81 4239.96 8.87 | 17.65 1.1 0.56
163.21.50 12518 12.85 6142.3 135 35| 282 | 10.0 3375 7.06 95.66 | 5.0 200 | 71 813.11 | 1.70 | 4188.11 8.76 | 17.19 1.34 0.68
174.21.50 13003 12.71 6161.9 140 | 35| 289 | 103 3500 7.22 | 118.81 | 41 245 | 8.7 ] 1009.89 | 2.08 | 4509.89 9.30 | 19.01 1.50 0.73
183.21.50 13255 7.20 1814.4 70| 3.6 | 27.8 9.9 1750 6.94 44.68 | 5.6 17.7| 6.3 379.78 | 1.51 2129.78 8.45 | 16.21 2.25 117
193.21.50 13997 12.72 9435.8 201 | 3.7 | 271 9.6 5025 6.77 | 136.16 | 5.4 184 | 6.6 | 1157.36 | 1.56 | 6182.36 8.33 | 16.19 1.27 0.66
213.21.50 14489 15.50 7626.0 115 | 43| 234 8.3 2875 5.84 95.03 | 5.2 193 | 6.9 807.76 | 1.64 | 3682.76 7.49 | 15.21 0.98 0.48
304.81.50 14983 6.68 3297.5 110 | 45| 223 7.9 2750 Do 91.36 | 5.4 18.5 6.6 776.56 1.57 3526.56 714 | 1452 2.18 1.07
1n.A.50 15473 11.45 5610.5 115 4.3 | 235 8.3 2875 5.87 87.68 | 5.6 17.9 6.4 745.28 1.52 3620.28 7.39 | 14.74 1.29 0.65
2n.A.50 15954 11.45 5507.5 115 4.2 | 23.9 8.5 2875 5.98 103.91 | 4.6 21.6 7.7 883.24 1.84 3758.24 7.81 16.22 1.42 0.68
3n.A.50 16438 12.33 5965.3 115 | 42| 238 8.5 2875 594 | 106.06 | 4.6 219 | 7.8 901.51 | 1.86 | 3776.51 7.80 | 16.28 1.32 0.63
4n.A.50 16924 17.48 8492.9 115 | 4.2 | 23.7 8.4 2875 5.92 9257 | 5.3 19.0 6.8 786.85 1.62 3661.85 7.53 | 15.22 0.87 0.43
5n.A.50 17416 13.24 6511.6 120 | 4.1 24.4 8.7 3000 6.10 116.47 | 4.2 23.7 8.5 990.00 | 2.01 3990.00 8.1 1713 1.29 0.61
6n.A.50 17675 15.40 3988.6 60 | 43| 23.2 8.2 1500 5.79 69.43 | 3.7 26.8 | 9.6 590.16 | 2.28 | 2090.16 8.07 | 17.81 1.16 0.52
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Diesel CNG Total

RSN |, — —
1y me Cost Specific Specific

(O} Consumption Cost Consumption Cost Energy Cost

Litre/

kms km/l | 100k MJ/k Baht/k km/ kgs/ MJ/k Baht/ Baht/k MJ/ton. Baht/ton.

Date Tons Ton.km Litres itre m m Baht m kgs kg 100km m Baht km Baht m MJ/km km km
7n.A.50 18162 17.75 8644.3 125 39| 257 9.1 3125 6.42 | 131.37 | 3.7 27.0| 9.6 | 1116.65 | 2.29 | 4241.65 8.71 | 18.76 1.06 0.49
8n.A.50 18422 16.00 4160.0 55| 47| 21.2 7.5 1375 5.29 64.44 | 4.0 248 | 8.8 547.74 | 2.11 1922.74 7.40 | 16.37 1.02 0.46
10n.A.50 18916 12.55 6199.7 110 | 45| 223 7.9 2750 5.57 9SFEOF N5 '3 190 | 6.8 797.22 | 1.61 3547.22 7.18 | 14.70 117 0.57
111.A.50 19432 19.32 9967.8 115 45| 223 7.9 2875 B2t 89.85 | 5.7 174 | 6.2 763.73 | 1.48 | 3638.73 7.05 | 14.14 0.73 0.37
12n.A.50 19919 9.30 4527.9 115 42| 23.6 8.4 2875 5.90 87.72 | 5.6 180 | 6.4 745.62 | 1.53 | 3620.62 7.43 | 14.83 1.60 0.80
13n.m.50 20399 15.63 7500.0 115 4.2 | 24.0 8.5 2875 5:99 97.07 | 4.9 20.2 7.2 825.10 1.72 3700.10 7.71 15.74 1.01 0.49
14n.A.50 20891 13.63 6703.5 115 | 43| 234 8.3 2875 5.84 77.56.| 6.3 15.81 5.6 659.26 | 1.34 | 3534.26 718 | 13.94 1.02 0.53
15n.A.50 21372 13.63 6553.6 110 | 44| 229 8.1 2750 5.72 73.90 | 6.5 154 55 628.15 1.31 3378.15 7.02 | 13.62 1.00 0.52
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70-0910 70-3427 70-3435
Bosch Smoke Bosch Smoke Bosch Smoke
Vehicle sreena e Vehicle sreIznn L Vehicle sreene e
Date number Date number Date number
mileage(kms) 911(kms) mileage(kms) 91%(kms) mileage(kms) 911(kms)
1 2 q 2 1 2
14 Mar 07 509815 950 0.2 1.4 18 May 07 359160 0 0.07 2.90 9 May 07 350062 0 0.1 2.8
16 Mar 07 510751 1886 0.1 4.3 21 May 07 360450 1290 0.09 1.37 | 12 May 07 351067 1005 0.1 1.5
18 Mar 07 512004 3139 0.2 4.4 25 May 07 361508 2348 0.05 3.47 | 15 May 07 351835 1773 0.3 1.5
21 Mar 07 512947 4082 0.1 4.2 27 May 07 362523 3363 0.07 3.03 | 19 May 07 353324 3262 0.2 1.8
23 Mar 07 513893 5028 0.1 2.1 30 May 07 363809 4649 0.04 2.66 | 22 May 07 354300 4238 0.1 2.3
25 Mar 07 514831 5966 0.1 4.3 7 Jun 07 365206 6046 0.05 1.91 | 28 May 07 355797 5735 0.2 2.4
28 Mar 07 515766 6901 0.1 4.3 12 Jun 07 366575 7415 0.15 2.14 5Jun 07 356814 6752 0.1 2.4
30 Mar 07 516687 7822 0.1 4.3 22 .Jun 07 368026 8866 0.06 2.96 9 Jun 07 357821 7759 0.1 1.8
3 Apr 07 517952 9087 0.1 3.2 30 Jun 07 369323 10163 0.04 2.68 15 Jun 07 359077 9015 0.1 1.1
5 Apr 07 518906 10041 0.1 3.3 2 Jul 07 370352 11192 0.23 3.33 18 Jun 07 360078 10016 0.1 2.8
9 Apr 07 519869 11004 0.1 1.9 5 Jul 07 371382 12222 0.08 446 | 22 Jun 07 361079 11017 0.2 1.0
21 Apr 07 520816 11951 0.3 2.4 7 Jul 07 372449 13289 0.23 5.92 | 25Jun07 362069 12007 0.1 1.1
23 Apr 07 521709 12844 0.1 3.7 4 Sep 07 373215 14055 0.08 6.31 30 Jun 07 363081 13019 0.1 0.8
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70-0910 70-3427 70-3435
. seeigny | Bosch Smoke .| Bosch Smoke . | Bosch Smoke
Vehicle . Vehicle EEAIEA NS Vehicle srezng g
Date 9 number Date number Date number
mileage(kms) mileage(kms) | 971(kms) mileage(kms) 91%(kms)
(kms) 1 2 1 2 1 2
29 Apr 07 522815 13950 0.1 4.6 6 Sep 07 374253 15093 0.15 5.64 12 Jul 07 364102 14040 0.2 7.0
3 May 07 523775 14910 0.1 4.3 9 Sep 07 375287 16127 0.09 6.55 14 Jul 07 365081 15019 0.2 5.9
6 May 07 525349 16484 0.1 2.7 1 11Sep 07 376331 17171 0.10 5.69 16 Jul 07 366048 15986 0.2 57
10 May 07 526607 17742 0.1 3.2 | 14 Sep 07 R 18197 0.09 5.83 19 Jul 07 367026 16964 0.4 6.7
13 May 07 527877 19012 0.1 3.6 | 17 Sep 07 378638 19478 0.07 5.83 21 Jul 07 368001 17939 0.5 6.9
15 May 07 529122 20257 0.1 5.2 | 20 Sep 07 379434 20274 0.08 5.83 24 Jul 07 368997 18935 0.2 6.2
19 May 07 530388 21523 0.1 5.6 - - - - - 27 Jul 07 370463 20401 0.2 6.4
15 Jun 07 531959 23094 0.1 5.6 - - - - - - - - - -
17 Jun 07 532895 24030 0.0 4.6 - - - - - - - - - -

68¢
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70-3440 70-3441 70-3445

Bosch Smoke Bosch Smoke Bosch Smoke

Vehicle sreIznnald Vehicle szeIgnn9ld Vehicle sreiznnald

Date number Date number Date number
mileage(kms) 91%(kms) mileage(kms) 91%(kms) mileage(kms) 91%(kms)
1 2 1 2 1 2

30 Apr 07 361374 0 0.25 2.38 30 Apr 07 364463 0 0.1 2.2 9 May 07 406942 0 0.21 ] 2.20
7 May 07 362445 1071 0.43 1.63 6 May 07 365536 1071 03| 2.6 | 12May07 407928 986 0.17 | 0.53
9 May 07 363491 2117 0.45 3.43 8 May 07 366568 2117 0.6 1.8 1 15 May 07 409148 2206 0.32 | 0.59
12 May 07 364552 3178 0.29 2.67 10 May 07 367604 3178 05| 3.1 17 May 07 410123 3181 0.08 | 1.71
15 May 07 365845 4471 0.53 2.53 13 May 07 368626 4471 06| 4.6 20 May 07 411574 4632 0.12 | 2.53
17 May 07 366896 5522 0.46 2.40 15 May 07 369644 5522 0.3 | 4.1 | 22May 07 412545 5603 0.14 | 3.12
20 May 07 367930 6556 0.40 3.15 17 May 07 370686 6556 0.3 | 3.8 | 26 May 07 413553 6611 0.41 | 3.61
25 May 07 369282 7908 0.52 299 | 21 May 07 371717 7908 0.3 | 4.7 2 Jun 07 414527 7585 0.17 | 1.53
29 May 07 370849 9475 0.30 250 | 25May 07 372749 9475 0.8 | 4.7 9 Jun 07 415972 9030 0.09 | 1.53
1 Jdun 07 372287 10913 049 | 4.41 28 May 07 374295 10913 0.7 5.3 12 Jun 07 417460 10518 0.20 | 1.33
5Jun 07 373375 12001 0.40 3.35 31 May 07 375300 12001 1.1 4.7 16 Jun 07 418982 12040 0.33 | 1.27
9 Jun 07 374428 13054 0.33 3.08 9 Jun 07 377134 13054 05| 54 18 Jun 07 419945 13303 0.19 | 1.65

06¢
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70-3440 70-3441 70-3445
3v81999 Bosch Smoke Bosch Smoke Bosch Smoke
Vehicle Vehicle sze1zn |4 Vehicle szeen el
Date %91 number Date number Date number
mileage(kms) mileage(kms) 91U(kms) mileage(kms) 411(kms)
(kms) 1 2 1 2 1 2
12 Jun 07 375246 13874 0.35 5.09 13 Jun 07 378467 13874 04 3.6 | 21 Jun07 420939 13997 0.17 3.04
15 Jun 07 375782 14408 0.33 4.79 15 Jun 07 379296 14408 0.8 3.6 1 Jul 07 421925 14983 0.24 4.06
15 Jun 07 375782 14408 0.24 3.34 15 Jun 07 379296 14408 0.5 3.3 3 Jul 07 422942 16000 0.62 6.10
17 Jun 07 376831 15457 0.32 3.46 17 Jun 07 380334 15871 0.7 4.7 5 Jul 07 423866 16924 0.16 6.25
21 Jun 07 377950 16576 0.36 4.38 20 Jun 07 381365 16902 0.5 4.2 8 Jul 07 425104 18162 0.22 5.89
23 Jun 07 379017 17643 0.30 3.84 22 Jun 07 382429 17966 0.5 3.8 | 12 Jul 07 426374 19432 0.51 6.18
27 Jun 07 380069 18695 0.26 4.25 24 Jun 07 383468 19005 0.6 4.6 | 14 Jul 07 427341 20399 0.24 5.04
1 Jul 07 381125 19751 0.34 6.02 28 Jun 07 384776 20313 0.7 4.6 - - - - -
19 Jul 07 381895 20521 0.44 6.18 5 Jul 07 386605 22142 0.4 5.7 - - - - -
21 Jul 07 382924 21550 0.47 6.37 7-Jul-07 387687 23224 1.2 6.3 - - - - -
28 Jul 07 383972 22598 0.45 6.27 12 Jul 07 389525 25062 1.1 6.4 - - - - -
- A 14 Jul 07 390566 26103 0.5 6.7 - - - - -

L6¢
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70-3441
Bosch Smoke
Vehicle sz I
Date number
mileage(kms) 4114(kms)
1 2
19 Jul 07 391686 27123 0.9 6.8
21 Jul 07 392599 28136 0.6 6.8
25 Jul 07 394104 29641 0.7 71
27 Jul 07 395128 30665 0.4 6.1
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Fgf c“s LubeCheck ™ - Oil Analysis for Predictive

LABORAIORIES LID. |50 9001: 2000 Certified.

Gustomer . 18004 i 1 :OW 5277 Eng
fustomer . |CE R&D LAB ; .
Address : Facuity of Enginesring Un!t Tipe | Erigma Digmel Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL| _NORMAL| _ NORMAL
Bangkok Unit Model : 5L DIESEL £ 2] 27
i [ — -E =
Testcode : 804 904 914 Ve @ PTT D3 PLUS SAE 40 API CF S 5] E7
Site Name : NGV DDF PROJECT & '-5 1 € g
Lube System Capacity : 6 Liters Location = i
Recommendations and Notes a7 7s .
AO (anti-oxidant) additive, as measured by ASTM D-8971, is considered Satisfactory at this time.
Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
Continue routine sampling interval.
AS | Andy Sittan
— =" == —
Current Sample r Alarm Limit Range
Condition History : \ﬁd &\ : N @il Cont.  Limit Name (Equipment / Oil) :
N Ny 0 NI 400 q } N N Engine Diesel General PTT
— e : -~ = D3 SAE 40
FocusLab ID 3 67021 B | 66879
Date sampled 5 El | 23-Nov-06 ' 22 Nov-D8 | 20-Nov-08
Hours on Oil = fs 1826 kms 508 kms O kms
Hours on Unit ki 332937 kms 331319 kms ‘ 331111 kms
Bottle ID 848208 / 848206 848204
— ey s s -t —
Wear Condition 4 W~ M ROEfi
Wear Element tho RDEfine |RFS ¢oarse - RDE fine e RDEfine RFS coarse pm -
Iron | o5 | | 1B0 208 |_ 114 15.4 l 8.2 32 1 524 538 3 353
Chromium 05 D.0g % 04 0.0 0.0 0o 0 1 >1.7 16 =24
Lead 224 A 189 1 21.0 A 14.3 17.2 A 35 a >13 =15
Copper D5 B3 % 0.4 a2 | 0.3 0.0 0 15 525 0 >34
Tin oo 3.56 10 1.7 0.3 1.8 a 3.2 =5.8 =117
Aluminum 20 97 —4 1.6 50 0.9 0.0 0 4 >6 >9
Nickel [ e 0.0 0.0 0.4 0 0.5 711 2 41
Silver 01 0o 0.0 0.0 0.0 0.0 0
Maolybdenum 174 134 171 6.7 14.4 0.0 77
Titanium oo 0.0 0.1 0.0 I 0.0 0.0
[ S -
Qil Condition - -
\Viscosity @ 40 °C D445 st 1462 1449 | T
Viscosity @ 100°C 15.0 15.0 14.8
Oiidation 9.6 9.5 8.0
Nitration B3 82 7.8
TAN
TBN 8.7 8.6 8.3
Contamination
Water FTIR 0.064 0.063 | 0.071
Fuel SAW 0.10 LR L) LA
Giyeol [l #E= 8 ] i] i ]
Soot IR 3 (L) 0.38 0.25 s 0.00 2.1 >5.1
l :
Sodium D-g505 L T > 2 2 a
Silicon D-8565 | PPM 97 E7 8.1 43 9.6 1.5 =1 13 21 16 321
BT Ead o v
Additive Element New 01
Boron AP R R 48 1 54 0
Magnesium PEM | Ti7e0 L 1867 1366 3012
Calcium =P 411 430 385 24
Barium PRt 10 o a 0
Phosphorus PPM 1200 1125 1216 963
Zine PPM | 1276 377 1274 207 1372 226 1254 : )
Additional Test New 01 [ LSRR Lauion U-Cauion | UrAckion |
Flash Point °C
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset zize and to be used as general guideline.
NoSign or ([: NORMAL | Coor g CAUTION (MrstlevelwamingBmit) , A or .; ACTICN requres | second level warning limit §
U-Cautior Upper CAUTION Lavel L thor Lower CAL el First lewvel warning limit in Upper level andior Lower level
U-Action . Upper ACTION required Level  L-Action Lower ACTION required Level Second level warning Emit in Upper level and/or Lower level
Accuracy of ir .,_ ion and recom dation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
2 Fl., Thosape! Land 4 Bldg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10260, Thailand Tel: (682) 361 8600-3 Fax : (B62) 361 8567

ttp: fwew focuslab.coth Email : focusiabi@focusiab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAIORIES LID. |50 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 18 : OW 5277 Eng
fjustomer . |CE R&D LAB
ame . . _ .
Unit T : Engine Diesel ) ; 5 .
Address : Faculty of Engineering 2 ype g Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA §NORNAL| _NORMAL| . NORWAL
Banghak Unit Model : 5L DIESEL :'i;' = £]
0l type | . 5 = £
Testcode : 804 904 914 Viscoay  © PTT D3 PLUS SAE 40 APICF 3 5] £
Site Name : NGV DDF PROJECT 3] =] 3,
- - (]
Lube System Capacity : 6 Liters Location =
e SNN\1777=
All oil conditions and oil tests appear in normal working range.
All wear conditions and wear tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
Mo oil change recommended at this time, cil appears suitable for further use. Continue routine sampling interval.
AS ! ARy Sittan
= —
...urrent a?l Prewous Sam| Alarm Limit Range
Condition History (ll Wd (ﬁ\ @\\Mﬂ Cont. Limit Name (Equipment / Oil) :
M I‘y 'l“p A:N Ny NN ‘N @ | Engine Diesel General PTT
- -_— W - D3 SAE 40
FocuslLab ID §: i 67144 ———F7025) | 67022
Date sampled T 3 | 25-Now-06 § 24-Nov-06 | 24-Nov-06
Hours on il ?ﬁ i 1174 kms 0 kms 3057 kms
Hours on Unit & 335342 kms l 334168 kms . 334165 kms
Bottle ID 848216 1 8458212 846210
— ISP = =
‘Wear Condition ey
Wear Element unit  ROEfine [RFS bodiée - RDE
Iran PPM 24 |
Chromium PPR 05 0.0 :
Lead PPM 6.2 E: i |
Copper - PRM 02 LN |
Tin D-8505 | PPM 10 Sy |
Aluminum 08585 | PPM 14 6o -
Mickel o5 PPR 02 e 1
Silver -B505 PPM 0o 0o ]
Molybdenum D-6505 PPM 28 0.0
Titanium D-B505 PRI 0.0 0.0
e
Oil Condition -
Viscosity @ 40 °C D445 o5t : 1513 1 1497
‘Wiscosity @ 100°C D445 15.2 155
Oxidation FTIR 8.7
Mitration FTIR g1
TAN
TBN 9.0
Contamination
Water FTIR | % (W) 0062 | oo B, 0.065 0073 01 =03
Fuel SAW il % (W) 0.10 0.10 1 0.10 0.00 =5
Glyeal i 1 i i £ [
Soot AR L % ey 0.19 0.01 0.51 0.00 21 5§
Sodium FPM 1 2 2 a
Silicon ] 56 05 67 1.0 105 35 9 3 =21 16 21
Addsive Element i)
Boron » ] o4 @' I He I I al aY: Ti1H '] La i
Magnesium ==M | 2113 1916 1803 3012
Calcium Gl 7 ] ik 417 2%
Barium L] i) 3 B a
Phasgherus PP 1076 1084 1169 963
Zinc -5585 | PPM 1354 183 1204 202 1289 302 1254
Additional Test New0l | BMBon | Laution U-Caution | Uin |
Flash Point 3023 L
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline

Mo Sign or N - MORMAL | £ or .& : CALTION ( first level warning fimit} | A ar o ACTION regqured  { second level waming limit )

U-Cautiar par CAUTION Lavel L o Lower CAL First level warning lmit in Upper lzvel andior Lower level

- Achon i Upper ACTION required Level L-Action : Lower ACTION required Level Second level warning Emit in Upper level andior Lower level

Accuracy of interpretation and recommendation are based on representatves sample and information supplied Mo warranty is expressed or implied for this report.
8 Fi., Thosapa! Land 4 Bldg.. 84728 Bangna-Trad Rd.. KM.2, Bangna, Bangkok 10260, Thailand Tel : {B62) 361 8600-3 Fax: (062) 361 8367

hittpeitweswfocuslab.cocth Email : focusiabi@focusiab.co.th
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F [:“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAIORIES LID. |50 9001: 2000 Certified. Page 1 of 4
Customer . 18004 i 1R :OW 5277 Eng
fjustomer . |CE R&D LAB
ame . . N -
Unit T : Engine Diesel ) ; 5 .
Address : Faculty of Engineering 2 ype g Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA S NORMAL| _NORMAL| _ NORMAL
Banghok Unit Model : 5L DIESEL § =h &)
Ol type ! . 5 = £
Testcode : 804 904 914 viscosity P17 D3 PLUS SAE 40 API CF 3 5] £
Site Name : NGV DDF PROJECT 3 =] &
Lube System Capacity : 6 Liters Location =
Recommendations and Notes ~aaN\1777 .
All oil conditions and oil tests appear in normal working range.
All wear conditions and wear tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
Mo oil change recommended at this time, cil appears suitable for further use. Continue routine sampling interval.
AS ) Andy Sittan
P — =
...urrent San 71 Previous Sam Alarm Limit Range
Condition History ﬁ (‘II Wd ‘ﬁ\ 'e'!:'i Mﬂ Cont. | imit Name (Equipment / Oil) :
N N ’rp (;N N N N | Engine Diesel General PTT
- — W —— D3 SAE 40
FocuslLab ID §: i 67147 = 67146 | 67145
Date sampled T 3 | 26-Noy-06 | 26-Nov-068 | 26-Nov-06
Hours on Ol = & 0 kms 2001 kms 208 kms
Hours on Unit & 337169 kms 337169 kms 336196 kms
Bottle ID 848222 f 848220 846218
— - Es AR _asamce - b e
‘Wear Condition
Wear Element Unit
Iron PPM
Chromium Ll
Lead PPM
Copper 8 PRM
Tin D-85e5 | PPM
Aluminum D-8585 | PPM
Mickel o5 PPM
Silver D-8565 PPM
Molybdenum D-6585 PPM
Titaniurm D-8505 PRI
.
Oil Condition
Viscosity @ 40 °C D445
Viscosity @ 100°C || D45
Oxidation FTIR 1
Mitration FTIR |
TAN {
TBN I
Contamination %w‘é
Water FTIR [ %(wt) | 0.068. 0 0.057 . 0.060 0073 01 =03
Fuel SAW il % (W) 0.10 0.10 1 0.10 0.00 =5
Glycol FTF a o I 0
Soot LY E ] 0.03 0.39 028 0-00 21 =51
Sadium PN 1 2 2 a
Silicon PRM B.1 17 BT 22 6.3 04 g 13 =21 16 321
Additive Element New 01
Boron e VW E aY~-wallEdIE'IalaY-T2N'1 La 0
Magnasiun Sen '\ 2036 2234 2253 3012
Caleium G 2 Yo » 109 24
Barium =2l i) i] [i] a
Phosphorus PP 967 1042 1089 963
Zinc -6505 | PPM 1328 203 1351 229 1360 150 1254
Additional Test Newo0l | LMeen | Loaution U-Cauion [ Eokctien |
Flash Point 2823 50
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upen dataset zize and to be used as general guideline.

Mo Sign or N - NORMAL | C or ﬂ E ALITION  { first level waming fmit } | A or : ACTION required  { second level wamning limit )

U-Cautiar pper CAUTION Lavel L ol Lower CAL First level warning limit in Upper level andlor Lower level

U-Action . Upper ACTION required Level  L-Action : Lower ACTION required Level Second level warning Emit in Upper level andfor Lower level

Accuracy of interpretation and recommendation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report
8 Fi., Thosapo! Land 4 Bldg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10280, Thailand Tel: {662) 361 8600-3 Fax: (B62) 361 8587

it weasew focuslab.ecooth Email : focusiabi@focusiab.coth
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LubeCheck ™ - Qil Analysis for Predictive Maintenance

Page 1

LABURATORIES LID. of 4

IS0 9001: 2000 Certified.

Qustomer . 18004 mB,  :OWS5277 Eng
ustomer .
: ICE R&D LAB
ame = . i i .on .
Address : Facuity of Enginesring Un!t Type Engine Diesg) Overall Condition Rating
Chulalongkom University Unit Make. - TTHOTA < NORMAL| _ NORMAL| - NORMAL
Bangkok Unit Model : 5L DIESEL &) 5 £
Oiltype! . = 5 £
Testcode : 804 904 914 Vischewy ¢ PTT D3 PLUS SAE 40 API CF 31 5] £
Site Name : NGV DDF PROJECT ] 5] E
Lube System Capacity : 6 Liters Location : = B

ANNNI1777 .

All oil conditions and oil tests appear in normal werking range.
All wear conditions and wear tests appear in nomal warking range.
All contaminant conditions and contaminant levels appear in normal ranges.

Recommendations and Notes

No il change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.

WC I Andy Stion
m . - - — -
F‘rewous Sample Alarm Limit Range
Condition History ‘ lﬁl ﬂ ‘i\ 0l Cont. | imit Name (Equipment / Oil) :
N N fry {0 A P;l' _N_ N N Engine Diesel General PTT
= = sl O - D3 SAE 40
FocusLab ID 2 67184 67183 \ 67148
Date sampled T § ' 28-Nov-D8 " 27-Nov-08 27-Nov-06
Hours on Oil z i 2853 kms 1690 kms 762 kms
Hours on Unit = 340022 kme 238350 kms . 337331 kms
Bottle ID 848228 1 848226 848224
- Pl S

Wear Cendition
Wear Element Method
Iron D-8585
Chromium
Lead
Copper
Tin
Aluminum
Mickel
Silver
Molybdenum
Titanium
Qil Condition
Viscosity @ 40 °C . . X -3 <124.35 1
Viscosity @ 100°C 156 153 152 149 <127 217.18
Oxidation 9.0 BT 87 5.0 >19
Mitration B7 l 8.3 a.0 4.0 >14
TAN 37
TBN 91 8.3 9.1 97 <2 4 N
Contamination ! i |[m
Water 0.062 0.061 0.059 0073 01 =03
Fuel 0.10 L] 0.10 | 0.10 0.00 3 =]
Glycol 0 1] U
Soot 0.34 0.22 012 0.00 »5.1

RFS coarse
Sodium 2 1 2 a
Silicen 6.1 4.1 48 0.3 45 17 9 321 1 =21
Additive Element o — sentn
Boron . FEM 35 39 48 o
Maanssium Erm \ 2156 2109 2148 3012
Calcium £RM 44 38 T 24
Barium PEM 0 1 o o i}
Phosphorus PPM 1048 1025 1002 963
Zinc G 1283 25 1250 190 1305 169 1254
Additional Test ' ; e [ oo <t |
Fiash Point C
Viscosity Index
Other

No Sign or | ]\ - MNORMAL

* A

Upper CAL 1 -Caution
Upper ACTION required Level  L-Action

U-Action

I { first level warning limit |

Mote: Alarm Limits are variable and dependent upon dataset size and to be uzed as general guideline.

A ar

Luwer .ACTION requl!ed Lewel

Accuracy of ir\te‘rpreta‘tinn and recommendzton are based on representstives sample and information supplisd

ACTICN requersd | second level warning limet |}

First level warning limit in Upper tevel and'or Lower |evel
Second level warning Emit in Upper level andfor Lower level
Mo warranty is expressed or implied for this report

8 F1., Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10260, Thailand

it fweanw focuslab.co.th

Tel: (862) 381 5800-3 Fax - (862) 361 8567
Email : focusiab@focusiab.co.th
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F [:“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAIORIES LID. |50 9001: 2000 Certified. Page 1 of 4
Gust it |D i
Gustomer . 18004 P :OW 5277 Eng
fjustomer . |CE R&D LAB
ame . . N -
Unit T : Engine Diesel ) f .
Address : Faculty of Engineering 2 ype i g Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA £ NORMAL| _NORMAL|  NORMAL
Bangkok Unit Model : 5L DIESEL = =h &)
Ol type ! . 5 = £
Testcode : 804 904 914 Vicosty  © PTT D3 PLUS SAE 40 APICF S 8! El
Site Name : NGV DDF PROJECT 27 =] =)
- - (]
Lube System Capacity : 6 Liters Location =
e o SNN\1777=
Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.
AS ! Andy Sitton
Current Sample. " Previous Sample Alarm Limit Range
Condition History _ I 1 @ (ii\ :hﬂnﬁ W 0il  Cont.  Limit Name (Equipment / Qi) :
N NI fr.p {N‘ N 1 .'N_ N N Engine Diesel General PTT
e _L»..:, > < . 4 D3 SAE 40
FocusLab ID § ” 67340 67186 B£7185
Date sampled i = l 30-Mov-06 [ 28-Nov-08 | 29-Nov-06
Hours on Oil § & 1085 kms 0 kms 3503 kms
Hours on Unit & 341737 kms 340672 kms . 340672 kms
Bottles ID 848234 ! 848232 848230
— s ¢ com— - —
Wear Condition ‘ wi B
Wear Element RDEfine |RFS coarse. . RO ’ mEﬁle RFS coarse e B
Iron 5.5 41 ; T 1 =24 238 253
Chromium oo 029 '} [J.CI 0.0 i} 1 =17 =24
Lead D-8505 | FPM 24 L et a7 55 0 »13 =15
Copper D-8505 | PPM 0.1 3-3—% 0.3 0.1 0 »25 234
Tin 5 | eem 0.0 2564 0.0 0.0 0 -5.8 >117
Aluminum PPM 0.5 i 12 0.0 i =6 >9
Mickel FPM 0.0 po—= 0.0 0.0 0 ] 1.1 4.1
Silver FPM 0.0 0o 0o 0.0 [i}
Malybdenum D-8565 PPM 03 104 0.2 0.0 77
Titanium D-6585 | PPN | oo 0.0 0.0 0.0 0
il Condition L. - Ll
Viscosity @ 40 °C D445 oot 1538 5 1503 - 1800 1463 <124 35 <13
Viscosity i@ 100 °C esif ] 15.3 15.0 156 149 <i2.7
Oxidation Lo | Ba 75 93 5.0
Nitration ans| B 7.6 a0 4.0
TAN
TBN 2 O 82 9.2 9.0 a7 &
Contamination temi
Water FTIR 0.066 0.071 4, 0082 0073
Fusl saw 0.10 T oo 0.00
Glyeol e | a 1] 0
Soat AR 0.17 Doz 040 0.00
Sodium D-6505 Ll . 1 1 a
Silicon D-8505 | PPM 50 341 .1 1.3 B3 4.1 g 13 =21 15 s34
— a— '
Mdmve Element . Hew O
Boron | 52 49 1 33 il
Magnesium 2133 2031 2090 3012
Calcium 2 / 23 4 24
Barium 14 i} 0 0
Phosphorus 1227 1087 1074 963
Zinc | D | 1258 603 1257 222 1274 268 254 :
Additional Test Hew O | - LCaution  U-Caution
Flash Point 8 °C
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upen dataset zize and to be used as general guideline.

Mo Sign or N : MORMAL | C or aumion | first level warming fmit )

A or .: ACTICN required (| second level waming limit |

pper CAUTION Lavel thor Lower

L-Caul First level warning limit in Upper level andlor Lower level
U-Action . Upper ACTION required Level  L-Action : Lower AC’TIOH requued Level Second level warning Emit in Upper level andfor Lower level

Accuracy of interpretation and recommendation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report
8 Fi., Thosapa! Land 4 Bldg.. 84738 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10260, Thailand Tel : {B62) 361 8600-3 Fax: (862) 361 8367

it weasew focuslab.ecooth Email : focusiabi@focusiab.coth



299

917 9-6 uansluseuNanIARaLTNTUA ALANLATENEUA luInANzITiay a9 5277
Pldundummalugasszaznig 12025 19 13750 Alawmng

c“s LubeCheck ™ - Qil Analysis for Predictive Mainte

LABORAICRIES LTD. 150 9001: 2000 Certified.

Gustomer . 18004 L :OW 5277 Eng
fjustomer . |CE R&D LAB . o
Address : Faculty of Engineering Un!t Ty |- Engeia Dligsel Overall Condition Rating
Chulalongkem University Unit Make : TOYOTA = NORMAL| NORMAL|  NORMAL
Banghak Unit Model : 5L DIESEL 155‘ b 87
Oil type ! . 5 = £
Testcode : 804 904 914 viscosty  © P11 D3 PLUS SAE 40 APICF S 51 £
Site Name : NGV DDF PROJECT % =) =]
Lube System Capacity : & Liters Location = B
Recommendations and Notes ~aaN\1777 =
Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviczable at the time of sampling.
Continue routine sampling interval.
AS ! Andy Sitton
Current Sample. | Alarm Limit Range

Cont.  Limit Mame (Equipment / Qil) :
N Engine Diesel General PTT

Condition History _ f {; g ﬂ? (i\ 4 \

FocusLab ID B F cad @ | S g7 D3 SAE 40
Date sampled 2 § I 02-Dec-06 N 01-Dec-08 \ 01-Dec-08
Hours on Oil = & 4122 kms 3486 kme 2464 kms
Hours on Unit ,E 344361 kms 344158 kms . 343136 kms
Bottle ID 847634 f B47632 847530

— - e o s —
Wear Condition - e ROE PIRAITT
Wear Element RDEfine |RFS ¢odrse ‘ ofse RDEfine RFS coarse Ucnton | tim USauion ki |
Iron 3 104 F 115 71 a6 33 i >33 3 253
Chromium y 0.7 0.08 & 0.1 0.0 l 0.s 0.0 0 | =17 16 324
Lead D-655 || PPM 87 € g £ 63 B4 6.5 28 0 13 »15
Copper D-8585 || PPM 04 E | 03 0z | 0.2 0.0 0 >35 20 =34
Tin -B505 || PPM 12 oo oo 16 0.0 0.0 0 =58 117
Aluminum PRM 26 SR 1.6 ez C 14 0.0 1] ! =6 -
Mickel PP 0.6 oo—2 0.1 0.0 0.4 0.0 0 1.5 21.1 . =4.1
Silver 2] 0o ooy 0.0 0o 0.0 0.0 i
Molybdenum D-8505 PPM 0.9 54 ' 01 3.8 08 00 7
Titanium poses | Fm | 00 0o | 0.0 0.0 I oo o 0o 0

. L e — —
il Condition T - New 01 l“m?u:um annf%
Viscosity @ 40 °C D445 o -« 1806 FERET-IN TR 13167516
Viscosity @ 100°C e ) 159 157 155
Oxidation ABE ell 8.6 N 93 9.1 5.0 14 »19
Mitration Abs o4 8.1 g8 40 1 *14
TAN J il =37
T8N 83 8.8 83 97 <2
Contamination Nen el |
Water FTIR 0.068 0.065 .. 0.085 0073 1 =03
Fuel SAW 0.10 b 0.10 1 010 000 3 *5
Glycol e 0 0 t ad
Soot BITR 0.50 043 03 0.00 3.1 =5.1

l ;
Sodium D-E5e5y  PrM 2z 2 2 a
Silicon D-8505 | eom 104 5.7 8.2 42 77 238 g i3s3 16 321
o — — »

Additive Element New 01
Boron | =l Da50s | oPPM [0 40 33 i a3 ]
Magnesium H FEM \ 223 2034 2120 2012
Calcium =P 44 / 39 38 24
Barium PR it 5 12 [1}
Phosphorus PPM 1128 1102 1202 963
Zinc PPM | 1265 491 1232 458 1239 245 254 g - i
Additional Test i * LCaution Mmﬁnnmg
Flash Foint °c
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon datasset size and to be used as gensral guidelins.
No Sign or (] : NORMAL | C or ALITION { first level waming Fmit } A or : ACTION requeed  ( second level warming limit )
U-Cautior pper CAUTION Lavel L-Cautior Lower CAUTION Leve First level warning limit in Upper lzvel andior Lower level
U-Bction . Upper ACTION required Level  L-Action Lower ACTION required Lewel Second level warning fimit in Upper level and/or Lower level
y of interm ion and lation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fi., Thosapo! Land 4 Bldg., 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand Tel : {862) 361 B600-3 Fax: {882) 361 8567

hittpeiwesw focuslab.cooth Email : focuslabi@focusiab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIESLID. SO 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 =M :OW 5277 Eng
ustamer ; |CE R&D LAB
ame . A . = : . . .
Address : Faculty of Engineering Un!t Typs: ¢ Enging Diass) Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA < NORMAL! NORMAL| _ NORMAL
Banokol Unit Model : 5L DIESEL £ 5 £7
Testcode : 804 904 914 Vacmy ¢ PTTD3PLUS SAE 40 API CF 31 13 ]
Site Name : NGV DDF PROJECT g = 3
Lube System Capacity : 6 Liters Lacation i

Recommendations and Notes . \\‘\\m a

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS | Andy Sitton
™ Current mﬁl T ALY Prewous Samgle Alarm Limit Range

Condition History mﬁ &\\ 8@5@.& ‘k @Il Cont.  Limit Name (Equipment / Oil] :

N p y i"w N ‘N‘) N ‘N, N Engine Diesel General PTT

— ——a S D3 SAE 40
FocusLab ID ;3: . 57396 67345 \ b7344
Date sampled i = ' 04-Dec06 " 04-Dec-06 | 03-Dec-06
Hours on 0il = 2 2043 kms 1314 kms 0 kms
Hours on Unit E 345288 kms 347560 kms . 346246 kms
Bottle 1D 859248 A 859246 | 847640

Wear Condition

Soew O
Wear Element Method &E fine RFS coarse
Iron D-8585 33 21 1
Chromium - 0.1 0o i
Lead 13 14 a
Copper 0.1 0.0 1}
Tin 0.0 0.0 a
Aluminum 05 0.0 Q
Mickel 0.0 0.0 a
Silver | . 0o 0o [i]
Molybdenum . X 0.3 0.0 77
Titanium . 0.0 I 0.0 Y 0.0 a
Oil Condition -0 et
Viscosity @ 40 °C 157.9 1531 H 1542 146.3 <124.3%
Viscosity @ 100 °C 15.6 154 150 149 =7
Oxidation o4 “ B9 I 748 50
Mitration ] g4 7.8 4.0
TAN
TBN 9.1 5.0 9.1 9.7 w2
Contamination na
Water FTIR [ % (WWt) 0.064 0.063 L. 0.075 0.073 *01 =03
Fusl SAW | % (Wt) 0.10 ' 0.10 T 010 0.00 3 =5
Glycal = o= 1] 0 1 Liy
Soot FIR o (WE) 0.35 0.24 0.03 0.00 2.1 =51
I
Sodium D-B5e5") PrM 2 2 2 0
Silicon C-B505 PP 68 30 6.6 43 8.5 5.1 g =13 =71 ig =21
s P :
‘Additive Element
Boron PRI 45 50 ! B3
Magnesium REM \ 2153 2085 2104
Calcium FPM 2 [} 33 21
Barium PPM 18 15 11
Phosphorus PPM 1217 1218 1180
Zinc FFM 1184 539 1246 361 1257 225 —
\Additional Test t-cauton [N
Flash Point °C
Viscosity Index
Other
Mote: Alarm Limite are variable and dependent upon dataset size and to be used as general guideline.
Mo Sign or N : NORMAL C or = ¢l | first l2vel waming limit } | A or .: ACTION requered  { second level warning limit )
U-Caution Upper CAUTION Level L-Cauticn Lower CAl = First level warmning imit in Upper level andlor Lower level
U-Action . Upper ACTION requlred Level L-Action :  Lower ACTION required Level Second level warning limit in Uipper level and/or Lower level
Accuracy of irme-rpretatlnn and recommendation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fl.. Thosapo! Land 4 Bldg.. 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand Tel: {6682) 381 B800-3 Fax: (662) 361 8557

it dwesw fozuslab.co th Email : focuslabi@focusiabocoth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORES LTD. 150 9001: 2000 Certified. Page 1 of 4
Gustomer . 15004 HakelD, : OW 5277 Eng
ustomer . |CE R&D LAB
n:r;;ss + Facuity of Engineering Unit Type : Engine Diesel Overall Condition Hﬂﬁﬁg
" Chulalongkorn University Unit Make : TOYOTA = NORMAL| _NORMAL | _ NORMAL
Banghak Unit Model : 5L DIESEL = 5 87

0il type | ; 5 2 £
Testcode : B804 904 914 Viscosty  © D11 D3 PLUS SAE 40 API CF S 5] El

Site Mame : NGV DDF PROJECT g 7 = E,\
Lube System Capacity :6 Liters Location =
Recommendations and Notes 2ONN1779 .

Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

A3 ! Andy Slton
™ Cument aa%ﬂ' Prewous Sample Alarm Limit Range

Condition History ! Kﬁd Ch‘ k 0il  Cont.  |imit Name (Equipment | Oil) :

N N (M} N N N N Engine Diesel General PTT

- e ‘ cmmw . — D3 SAE 40

FocuslLah ID E o 6?399 67398 | 67397
Date sampled 5 4 06-Dec-06 i 05-Dec 06 \ 05-Dec-08
Hours on Oil % & 3761 kms 2023 kms 2736 kms
Hours on Unit 'E 350007 kms 349268 kms . 343982 kms
Bottle ID 859254 859252 859250

Wear Condition

Wear Element Unit
Iron PPM
Chramiurm PPM D 1
Lead PPM 67
Copper PPM 0.a
Tin PN 0.0
Aluminum PPM 18
Mickel PPM 02
Silver PPM 0o
Maolybdenum PAM 0.0
Titanium J ='F'r~.|‘ 00
Qil Condition

-
Wiscosity @ 40 °C D445 5t = 1609
“Viscosity @ 100 °C D445 5 15.5
Oxidation 96
Mitration 95
TAN
TBN 9.0
Contamination
Water | OFTIR [ % (Wit 0.067
Fusl SAW I % (W) 0.10
Glycal = L Y i}
Soot TR i 042
Sodium el 2
Silicon PPM 69
Additive Element i
Boron ] 38
Magnesium REM ‘ 2089
Calcium PR 35
Barium Ll (i
Phosphorus PPM 1103
Zing PPM 1230
Additional Test
Fiash Point ac
Viscosity Index
Other

rogfie ﬁwamem mfr-m i

I . 19.9 1
| 0.4 D 4 0. 4 1.1 0
11_2 a 56 79 6.1 128 ¢ 0
(11— 04 g2 | 04 0.4 0
00 0.0 0.0 0.0 3.6 0
g5 A% 16 00 18 103 A 0
0n—% 0.5 0.0 04 0.6 0
00 0a 0.0 0.0 0.2 0
112 07 83 10 12.5 77
00 0.0 0 I 0.0 04 0
0. 0 s
New
i
11594 r 1594
158 157
93 93
9.1 9.1
123 92
0.068 .. D0DEs
] 0.10 " 0.10
0 0
0.41 039 0.00
2 2 a
57 B.6 4.0 8.1 74 9 >3] 21
T— L 4
i Mew O
42 | 43 0
2153 2173 3012
| 33 32 24
13 18 0
1178 1250 963
745 1216 445 1185 54T 1254
New 01 mb&:mn

No Sign ar | ] - NORMAL |

- oo ﬂ
ppar CALTIC

Upper ACTION requlled Lewvel

L-Ac'tiuﬂ

U-Action

1| first level warning fimit |

Mote: Alarm Limits are variable and dependent upun dataset size and to be used as general guideline.

., Ao

CAUTION Level

Lower ACTION required Level

Accuracy of irﬂze‘rpretatlun and recommendation are based on representatives sample and information supplied

ACTION required | second level wamning limit |

First level warning mit in Upper lzvel andior Lower level
Second level warning Emit in Upper level andfor Lower level
Mo warranty is expressed or implied for this report.

9 Fl., Thosape! Land 4 Bldg.. 047/30 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand

ntte: e focuslad.coth

Tel: (§82) 381 BB00-3 Fax ; (8E2) 361 8567
Email : focuslab@focuslab.co.th
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LABORATORIES LID.

LubeCheck ™-0

Analysis for Predictive Mainte

IS0 9001:- 2000 Certified.

Qustomer . 18004 miB.  :OWS5277 Eng
ustomer .
: ICE R&D LAB
ame H - 1 f . .
Address : Facuity of Engineering Ul‘l!t Tyiie ¢ Engirie Qigsol Overall .Cond‘m" Rating
Chulalongkorn University Unit Make : TOYOTA £ NORMAL| _ NORMAL|  NORMAL
Bangkok Unit Model : 5L DIESEL % 7 _E ‘a‘.
0l type | . 5 2 =
Testcode : 804 904 914 Vicosry  © PTT D3I PLUS SAE 40 API CF 3] 8! 3
Site Name : NGV DDF PROJECT 3 = E;
Lube System Capacity : 6 Liters Location : = &

ANNNI1777 .

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear safisfactory, and the oil was siill serviceable at the time of sampling.
Continue routine sampling interval.

Recommendations and Notes

AS | Andy Sitton
- = = — m— -
-,urrent :ﬂ% amglle Alarm Limit Range
‘Condition History J we-! '&\ _ Dil  Cont.  Limit Name [Equipment / Oil) :
N ry f'w ’n N N.J ‘t N N Engine Diesel General PTT
- S e T D3 SAE 40
FocusLab ID I 57839 67538 | 67537
Date sampled E E ' 08-Dec-06 i 08-Dec-06 \ 07-Dec-06
Hours on Oil = & 0 kms 5564 kms 4886 kms
Hours on Unit = 351810 kms 351810 kms ‘ 351112 kms
Bottle ID 859262 A B59260 8592 58
—_—— e
Wear Condition — 4 =
Wear Element Unit nnﬁ E“.‘Q‘H“* ﬁ@m &Eﬁue RFS coarse UGt | Lbdehien 1-Cautcn | ]
Iran — s 9 € 24 5 295 C 340 C 1 =3s -53
Chromium PPM ﬂ.3 D B ‘, ' 0.8 13 i 217 2.4
Lead =5 16 6:8 071 3_3 c 12_9 c 85C 160 A 0 513 »15
Copper PP 0.1 oo o 08 0.0 | 07 0.3 0 =25 34
Tin PPM 0o 4708 0.0 as 0.0 a3 a 258 >11.7
Aluminum FPM 07 4B=§ 25 118 A 25 131 A 0 6 »9
Nickel PPM 06 C T R 03 Do 07 C 0s 0 } =11 41
Silver PPM 0.1 0.0 0.0 0.0 0.0 0.0 0
Molybdenum PPM 10 fadA 0.4 75 0.3 12.1 77
Titanium PR 02 02 | 0.1 02 u 0.2 0.0 0
Qil Condition Prcex
Viscosity @ 40 °C 149.7 16620 fo1B44C 1463 <124
‘iscosity @ 100°C 15.0 16.2 16.0 149 <127
Oxidation 78 10.0 9.7 50 1
Nitration 78 I 102 a9 40 11
TAN
TBN ag 101 0.7 97 =2
Contamination Gt
Water FTIR 0.076 0.074 0.072 0.073 >0.3
Fuel SAW 010 \ 010 S0 .00 ]
Glycol FTIR; o i} ¢ i3
Soot g 0.00 056 052 0.00 34 S5
l
Sodium C-8585 i 2 2 2 a
Silicon Doases | FPM 53 55 87 739 90 8.8 3 21 21
Additive Element o sewcn
Boron EEM 5 30 34 Q
Magnesium FFM 1982 2050 . 22EB 3012
Calcium PR . il 36 38 24
Barium M o 1] 1] ]
Phesphorus PPM 947 889 580 963
Zinc PPM 197 B4 1187 320 1241 628 1254
Additional Test New ol | AR LCaution -Caviion
Fiash Point °C
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upen dataset size and to be used as general guideline.

Mo Sign ar ] : NORMAL C or b1 first level waming fmit ) A or ACTION requred | second level warning limit )

First level warning Emit in Upper lzvel andior Lower level
Second level warning imit in Upper level andior Lower level
Mo warranty is expressad or implied for this rzport

U= or Upper CA = L n | O A 1
WU-Action - Upper ACTION required Level  L-Action Lower ACTION reguired Level
Accuracy of imterpratation and recommendation are based on reprasentatves sample and information supplisd

8 Fl.. Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd.. KM.2, Bangna, Banghkok 10260, Thailand
bt fween focuslab.coth

e - (682) 361 5600-3 Fax: (852) 351 8557
Email : focusiab@focusiab.co.th
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F c“s LubeCheck ™ - Qil Analysis for Predictive Mainte

LABORAIORIES LID. 150 9001- 2000 Certified.

Qustomer . 18004 miB.  :OWS5277 Eng
ustomer .
: ICE R&D LAB
ame H - 1 f . .
Address : Facuity of Engineering Ul‘l!t Tyiie ¢ Engirie Qigsol Overall .Cond‘m" Rating
Chulalongkorn University Unit Make : TOYOTA £ NORMAL| _ NORMAL|  NORMAL
Bangkok Unit Model : 5L DIESEL % 7 _E ‘a‘.
0l type | . 5 2 =
Testcode : 804 904 914 Vicosry  © PTT D3I PLUS SAE 40 API CF 3] 8! 3
Site Name : NGV DDF PROJECT 3 = E;
Lube System Capacity : 6 Liters Location : = &

Recommendations and Notes aaN\1777 .

All oil conditions and oil tests appear in normal working range.

All wear conditions and wear tests appear in nommal working range.

All contaminant conditions and contaminant levels appear in normal ranges.

Mo il change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.

AS | Andy Siitan
- e — e
Current SamEe ! i Alarm Limit Range
Condition History l Qil  Cont. | imit Name (Equipment / Qil) :
] ry fpp i ™ N Engine Diesel General PTT
— e m— — - - D3 SAE 40
FocusLab ID i 67629 67628 B! 67627
Date sampled i § | 08-Dec-06 3 09-Dec-05 \ 08-D=c-06
Hours on Oil 2 & 2102 kms 1401 kms 700 kms
Hours on Unit E 353918 kms 353211 kms ‘ 352510 kms
Bottle ID 859268 ] 8559266 859284
- s sl
‘Wear Condition g
Wear Eloment o roge S omed memm«» :&m RS couse
Iran PPM 1.0 ] . 26 1 24 =38 33 =53
Chromium FPM 0.5 D.[] 't I].1 D.2 I:I.G 00 a 1 1.7 16 324
Lead PR 45 p g T 33 R 04 a g 513 : 15
Copper PPM 0.5 B 3 0.3 a1 | 0.2 01 a 5 »25 >34
Tin PAM 08 004 - 4 0.0 00 0.8 0.7 1] 3.2 =58 =6.6 =117
Aluminum PPM 15 Afi——p 0.9 0o 0.4 0.0 1] t >6 E 5
Micksl PPM 0o frfe—y 0 0.0 0s 0.0 a 211 26 >3
Silver PR 0o Qs A 0.0 0.1 0.0 0.0 a
Molybdenum =PM 05 D0} 0.3 o0 0s o0&
Titanium PRM 0.0 0o § 0.0 0.0 u 0.0 £ 0.0
Qil Condition
8 A —
Viscosity @ 40 °C D245 1578 b  JEIE
Viscosity @ 100 °C D445 155 153 152
Oxidation FTIR 31 82 9.0
Nitration FTIR 86 I 85 8.1
TAN
T8N 1186 BS 8.9
Contamination
Water FTIR 0.066 0.063 L. 0.D6s5
Fusl SAW 0.10 S ] 1 0.30 0.00 ; *5
Glycol TR 1] o ¥
Soot AR 033 0.2z 011 0.00 21 5.1
RFS coarse
Sodium C-8805 e 2 2 2 o
Silicon D855 | PPM 48 29 40 20 38 10 a 1 221 16 s21
\Additive Element ol = sewal
Boron ; 5 FEM 38 43 46 i
Maagnesium REM \ 2178 2039 © 1960 3012
Calcium PM 35 26 26 24
Barium FrW o ! 4 1] a
Phosphorus PRM a77 1111 1060 963
Zinc g PPM 1157 445 1144 631 1142 222 1254
Additional Test tew ol [ LoMtien | LCaution -Caution | skction |
Flash Point - og;
iscosity Index
Other
Mote: Alarm Limits are variable and dependent upcn dataset size and to be used as general guideline.
Mo Sign ar ] - NORMAL C or JH { first level wamning lmit ) A or : ACTION requred | second level warning limit )
(1% 1} Upper CAl L- n o A | First level warning limit in Upper level and/or Lower level
W-Action . Upper ACTION required Level  L-Action : Lower ACTION reqguired Level Second level warning imit in Upper level andior Lower level
Accuracy of inte‘rpretatiun and recommendation are based on reprasentatives sample and information supplisd Mo warranty is expressed or implied for this report
8 Fl. Thosapo! Land 4 Sidg.. 847/38 Bangna-Trad Rd . KM.2, Bangna, Bangkok 10280, Thailand Tel : (BB2) 381 8800-3 Fax: (BE2) 381 8587

i fweaer focuslab.coth Email : focusiab@focusiab.co.th
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[:“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAIORIES LID. |50 5001: 2000 Certified. Page 1 of 4
Gustomer . 18004 =it :OW 5277 Eng
ustomer . |CE R&D LAB
A::;ss + Facuity of Enginesring Uokt Type: + Enepe Phest Overall Condition Rating
" Chulalongkern University Unit Make : TOYOTA = NORMAL| NORMAL | - NORMAL

Bangkak Unit Model : 5L DIESEL :.Qf ] E -%i

Testcode : 804 904 914 Veewiy @ PTTD3PLUS SAE 40 APICF 381 8 ]
Site Name : NGV DDF PROJECT B =] &)

Lube System Capacity : 6 Liters Location = &

T s AN1777 =

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and ol condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AT { Andy Sition

Curre rent aamge &?\Prevmus Sample Alarm Limit Range

‘Condition History Cont 0il Cont.  Limit Name (Equipment / Oil) :
N N .-w { N’ N Ny | IN ™ N Engine Diesel General PTT
— e e mmve s ——— - D3 SAE 40
FocusLab ID j 67652 67651 | 67650
Date sampled T § 11-Dec-08 " 10-Dec-08 | 10-Dec-06
Hours on Qil = & 4295 kms 3566 kms 3846 kms
Hours on Unit ﬁ 356105 kms 355376 kms ‘ 354656 kms
Bottle ID 8592?'4 | 859272 85927[}
- Was o e
Wear Condition _ s RIS
Wear Element Method  Unit mﬁ. ’F%'#‘ mm ADEfine RFS coarse Uaston | Unicien | U-<auion z
Iron -B585 PPM 10.7 .2 134 1 =38 ] =53
Chromium PPM D.S 05 0.0 0.4 0s 0 1.7 16 324
Lead PPM 7.5 7.0 71 6.3 a1 a »13 = >15
Copper PPM 0.6 0.5 42 | 0.4 0.2 4] 225 2 34
Tin PPM 0.6 06 0.0 0.1 05 a 58 =66 =117
Aluminum PPM 24 .t | WG C 1.8 85 C a 5 g
Mickel FPM 0.0 0.0 0.0 0.0 0.0 0 ] 211 4.1
Silwer PP oo 0.0 0.0 0o 0.1 L}
Maolybdenum PPM o0 06 T2 0.8 40 77
Titanium PN | 0.0 0.0 0.0 u 0.0 0.0 [i}
Qil Condition o, =] New O | L-Caution U—C:mnl%\f
Viscosity@dﬁ i 162-6-C T 1811 C e 146.3 2124.35 <131.67 (i
‘iscosity @ 100 °C 16.0 15.8 157 149 <i2:7
Oxidation 10.0 97 94 50
Mitration a7 I 9.3 9.0 40
TAN
TBNM 8.0 89 9.4 9.7 <2
Contamination ) e
Water FTIR % (Wt} 0.068 0.065 » 0.067 0073
Fuel SAW R % (Wt) 0.10 H 0.10 T 0.10 0.00 =5
Glycol grie Az A i] i] 1 1}
Soot | ] 0.42 0.38 0.37 0.00 2.1 =5.1
l
Sodium Laz.s 2 2 2 a
Silican =Pm 71 6.0 6.5 4.4 6.0 5.1 q 13 =31 i 321
— — v
Additive Element Mew O
Boron il 33 | 35 ! 38 0
Magnssium REM | 215 2286 2278 aniz
Calcium =AM e ] 36 24 24
Barium PP ] ] a a
Phesphorus PPM 1001 1026 1070 963
Zinc FPPM 1258 657 | 1290 648 1228 752 1254 _
Additional Test ew Gl '_lgﬁuf, LCaion  -Caution ||
Fiash Point C
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Mo Sign or N - NORMAL | C or JH { first level wamning fimit } | A or : ACTION requred | second lewel warning limit
U-Cautior A L-Caution _owar CAUTION Leval First level warning Emit in Upper lzvel and'or Lower level
U-Action 5 Upper A.CTI oM requlreﬂ Level L-Action : Lower ACTION required Level Zecond level warning fimit in Upper level andfor Lower level
y of irw=.|,_ and dation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report
8 Fl.. Thosapc! Land 4 Bidg., 847/20 Bangna-Trad Rd.. ¥M.2, Bangna, Banghkok 10260, Thailand Tel: (BEZ) 361 8600-3 Fax:(B62) 361 8567

it ifwnewfocuslab.cooth Email : focusiabi@focusiab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAIORIES LID. |50 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 18 : OW 5277 Eng
fjustomer . |CE R&D LAB . o
Address : Faculty of Engineering Un!t Ty - Enga Digsel Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA £ NORMAL| _NORMAL| _ NORWAL
Banghak Unit Model : 5L DIESEL :‘i;' = £]
2 £ =t £
Testcode : 804 904 914 Vel PTTD3PLUS SAE 40 APICF 37 3 £
Site Name : NGV DDF PROJECT 3 =] B
Lube System Capacity : 6 Liters Location = B
Recommendations and Notes ~aaN\1777 .
All oil conditions and oil tests appear in normal working range.
All wear conditions and wear tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
Mo oil change recommended at this time, cil appears suitable for further use. Continue routine sampling interval.
AS ! ARy Sittan
e
...urrent a?l Prewous Sam| Alarm Limit Range
Condition History (‘II Wd (ﬁ\ @\\Mﬂ Cont. | imit Name (Equipment / Oil) :
M ry 'l\‘p Qd Ny N N N Engine Diesel General PTT
- -_— LW R D3 SAE 40
Focuslab ID 2 67655/ = | B7653
Date sampled T '—é | 12-Dec-06 | 12-Dec-06 | 11-Dec-06
Hours on Oil 2 s 2077 kms 1358 kms O kms
Hours on Unit 2 358182 kms 357465 kms . 356105 kms
Bottle ID 859280 ! 859278 859276
— B PP =
‘Wear Condition e
Wear Element unit  ROEfine RFSfodiée - ROE
Iran PPM 46
Chromium PPR 05 0.o¥ ¥
Lead PRI 38 i sl
Copper - PRM 0.3 1B e |
Tin D-8505 | PPM 15 LA Ry | S ; ;
Aluminum D585 | PPM 15 38— 12 105 4 0.5 4.3
Nickel o5 | PPM 0.6 o0 - 02 0.0 0.0 0.0
Silver D585 | PPM 0.0 oo 0.0 0.1 0.0 0.0
Molybdenum D-6505 PPM 0.6 102 0.5 10.3 0.6 0.0
Titanium D-8505 || | PRI 0.2 00 | 0.0 0.0 I 0.0 0.0
e . -
Oil Condition - -t s
Viscosity @ 40 °C pss | AeSt ] 1558 T o15aa T 1506
\iscosity @ 100 °C D45 154 153 150
Oxidation FTIR 97 858 8.4
Nitration FTIR 8.7 B.4 79
TAN
TBN 81 8.7 9.2 I
Contamination v
Water FTIR || % (Wt) 006t | 0063 b=, 0.073 0073 01 =03
Fuel SAW i % (Wt) 0.10 0.10 1 0.10 0.00 =5
Glycal i | i] ] 0
Soot AR L % ey 0.12 0.05 0.00 0.00 21 5§
Sodium PP ] 2 1 a
Silicon PPM 6.2 36 a7 31 5.0 33 g 13 =3 16 =21
Additive Element Wew T
Boron < o [ Vi EFaY~wallE B3I 'IalaY: TN La a
Magnesium =en '\ 2097 2188 2018 3012
Calcium Gl i ] an 27 2%
Barium L] 12 1] 0 a
Phosphorus PP 1245 987 858 963
Zing -6585 | PPM 1235 767 1236 787 1260 270 1254
Additional T'est_ New 3 ML—CMBM HCaution | Ueliction |
Flash Point 3023 L
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline

Mo Sign or N - MORMAL | £ or .& : CALTION ( first level warning fimit} | A ar o ACTION regqured  { second level waming limit )

U-Cautiar par CAUTION Lavel L o Lower CAL First level warning lmit in Upper lzvel andior Lower level

- Achon i Upper ACTION required Level L-Action : Lower ACTION required Level Second level warning Emit in Upper level andior Lower level

Accuracy of interpretation and recommendation are based on representatves sample and information supplied Mo warranty is expressed or implied for this report.
8 Fi., Thosapa! Land 4 Bldg.. 84728 Bangna-Trad Rd.. KM.2, Bangna, Bangkok 10260, Thailand Tel : {B62) 361 8600-3 Fax: (062) 361 8367

hittpeitweswfocuslab.cocth Email : focusiabi@focusiab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LID. 50 9001 2000 Certified. Page 1 of 4
Qustomer . 18004 mig.  :OW 5277 Eng
ustomer .
: ICER&D LAB
n::;ss : Faculty of Enginesring UoitType & Engiiz Digsd) Overall Condition Rating
" Chulalongkorn University Unit Make : TOYOTA < NORMAL| _NORMAL  NORMAL
Bangkok Unit Model : 5L DIESEL = 8 £7
Oiltype ! . & = £
Testcode : 804 904 914 Viscosty  © PTT D3PLUS SAE 40 API CF 3] 3! 3
Site Name : NGV DDF PROJECT b =] 5
Lube System Capacity : 6 Liters Location : = k&

ANNNI1777 .

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

Recommendations and Notes

AS | Andy Sittan
— = ==
-,urrent Sam Alarm Limit Range
‘Condition History ﬁ‘ltl m-j &,\ Qi Cont.  Limit Name (Equipment / Qi) :
H;‘ fw i\ N N Engine Diesel General PTT
- D3 SAE 40
FocusLab ID H = 67857 5?355 | 67855
Date sampled s E ' 14-Dec-06 i 13-Dec-06 | 13-Dec-06
Hours on Oil = & 4015 kms 3510 kms 2791 kms
Hours on Unit = 360120 kms 350615 kms ‘ 358396 kms
Bottle ID 859824 & 859822 359820
—_— - o
Wear Condition i i Q| RFS coarse |
Wear Element Unit m# ‘:502“8(* ﬁ@m &E ﬁe RFS coarse caston | Uiichen | U<auion | Uhhcin
Iron PPM 9.3 1 >38 »53
Chromium FPM ﬂ 4 ; . I:I G 0.4 a 217 >2.4
Lead PPM 6.8 E_S | ?.1 1D.3 C 35 G.5 a =13 #15
Copper PPM 0.4 03 2 04 04 | 03 0.3 0 225 >34
Tin PPM 09 458 K 1.3 a7 0.3 38 a =58 =117
Aluminum PPM 24 108 4 & 27 109 & 23 6.1 a >6 9
Nickel PP 0.3 T — 05 0.1 0.5 0.0 0 | 11 4.1
Silver PPM 0o 0.0 ! 0.0 0o 0.0 0.1 a
Malybdenum PPM 0.4 T 14 s 1.1 106 77
Titanium PEM 00 00 01 0.0 u 0.0 0.0 a
; o 3 an 3 i y B
Qil Condition Sew O Laution  -Caution. %«
Viscosity @ 40 °C 1613 C 1598 f—gam | 1463 <124 31 67>16093>168.24
‘iscosity @ 100°C 15.8 15.7 156 149 =127 =17.18
Oxidation 101 9.9 a7 50 1 =18
Nitration 96 I 94 aq 4.0 11 514
TAN >37
TEN 8.5 101 8.1 9y =
Contamination e 01 |
Water FTIR 0.068: 0.056 0.068 0073
Fusl SAW 0.0 ] 0.10 " 0.10 0.00 3
Glycol iR, 0 o I i}
Soot EmR 033 0.30 023 0.00 2.1 55.1
l | RFS coarse |
Sodium D-85e30) WM 2 2 2 0
Silicen D-6505 | PPM 84 49 87 6.9 7.8 35 ] 13 >21 1 =21
Additive Element o wiewi
Boron EEM 40 42 42 a
Magnesium EFv 2200 2223 2135 012
Calcium PR \ a0 a0 27 24
Barium #rM o 1] 3 a
Phosphorus =PM 1085 1137 117 953
Zinc FPM 1177 G4 1234 &11 1126 762 1254 R .
Additional Test siew 01 | oAGin | LCauion  U-Cauion |
Flash Point °C
Viscosity Index
Other

No Sign or |\ - MORMAL |

U-Action

L-Action

20 first level waming lmi

_overer CF
Lower ACTION

it} A or

required Level

Mote: Alarm Limits are variable and depengent upcn dataset size and to be used as general guideline.
or _c z

. Upper ACTION required Level
Accuracy of interpratation and recommendation are based on representatives sample and information supplied

ACTION requred | second level warning limit )

First level warning Emit in Upper level and'or Lower level
Second level waming Bmit in Upper level andfor Lower level
Mo warranty is expressed or implied for this report

8 F1., Thosapol Land 4 Bidg., 847/28 Bangna-Trad Rd_, KM.2, Bangna, Bangkok 10260, Thailand

ttpefwaner focuslab.co.th

- (682) 361 5600-3 Fax: (882) 351 8557
Email : focusiab@focusiab.co.th
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F%ﬂ“s LubeCheck ™ - Qil Analysis for Predictive Maintenance

LABORATORIES LTD. 150 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 b, :OW 5277 Eng
ustomer . |CE R&D LAB
ame A . - - - -
Address : Facuity of Engineering U!‘l!t Type : Engine Diesel Overall Condition Rating
Chulalongkorm University Unit Make : TOYOTA 5 NORMAL| _ NORMAL| _ NORMAL
Bangkak Unit Model : 5L DIESEL = g 87
Oil type | ; 5 2 £
Testcode : 804 904 914 Viscoaty  © P 1T D3 PLUS SAE 40 API CF 8] 5 El
Site Name : NGV DDF PROJECT g h = E,\
Lube System Capacity : 6 Liters Location =

Recommendations and Notes aeNN1777.

Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

A5 ! Andy Sltan
_— T — — =
Current Sample Pfewous Sample Alarm Limit Range

Condition History : I '!Ed &. N k 0il  Cont.  Limit Name (Equipment | Qil) :

N NJ 0 N, Jq\ N_ N N N Engine Diesel General PTT
— i d— = N D3 SAE 40
FocusLab ID '§_ » 67877 67876, 1 67875
Date sampled E ] I 16-Dec06 3 15-Dec-08 | 14-Dec-06
Hours on Qil § & 2145 kms 1445 kms 0 kms
Hours on Unit F—’ 362265 kms 361565 kms . 260120 kms
Bottle 1D 85983{) 859628 859626

- - raw ==

Wear Condition

Wear Element unit m}ﬁ E!an(‘ MM hErm e

Iron PRM | s a = 116 4.0 0.3 1 74 »38 33 »53

Chromium PPM D 5 D B ¥ 01 0.5 0.0 0 1 »17 16 324

Lead PRM 43 48 471 4_u 20 10 23 0 =13 9 =15

Copper FPM 0.6 uZ 05 g2 | 0.2 06 0 =25 2 >34

Tin PPM 24 4804 25 24 0.9 0.0 0 =58 : =117

Aluminum =FM 25 4:8—= 23 i 11 7.0.C 1] 4 E g =g

Mickel FPM 0.0 par—t 0.1 0.8 0.3 0.0 0 06 >11 36 41

Silver PPM 0.0 0.0 (| 0.0 0.0 0.0 0.0 [i]

Molybdenum PPM 0.0 oo | 04 00 0.8 0.0 77

Titanium 1 =‘F'I\I‘ 1 00 01 | 0.0 —= I 0.2 £ 0.0 0

Qil Condition L - -t i Lsstien U snn

Viscaosity @ 40 °C D445 | [cspi 1561 f 1558 1505 1463 <1

Wiscosity @ 100°C D445 estd [} 15.5 15.4 149 14.9 1344 =164

Oxidation FTIR L | 05 £ [T 8.5 5.0 14 =19

Mitration 849 86 a.a 40 1 14

TAN *37

TBN 115 g4 3.9 9.7 <2 =

Contamination Nen 01 P M

Water | FTIR i) | 0.063 0.063 L. 0.D75 0.073 01 =03

Fusl saw f 0.10 R[] " ooan 0.00 -5

Giycol R W 0 i] ¢ 0

Soot FiR | sy 020 0.6 p.oo 0.00 1 =54

Sodium FEM 2 2 2 i}

Silicon - PPM 7.8 20 7.3 1.7 3.3 a7 q 13 =31 15 321
— - r

Additive Element . New 01

Boron ¥ PR 46 ag i 76 a

Magnesium PPN y 2148 2061 2096 3012

Calcium PPM 32 / 31 25 24

Barium Frut o o 18 (1]

Phosphorus PPM 1001 a82 1347 963

Zing_ a SPM 1285 227 1220 244 1226 462 1254

Additional Test _ i New 01 -’WL-cmn U-Caution

Flash Point - oc

Viscosity Index

Other

Mofte: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Na Sign ar | ] : NORMAL | C 1l { first level waming fimit ) A ar : ACTION required  ( second level warning limit |

pper CAUTION L

2 L-Caution AUTION Level First level waming limit in Upper lzvel and/or Lower level
U-Action : Upper ACTION red revd Level L-Action :  Lower ACTHON required Level Second level warning Bmit in Upper level andior Lowsr leve!

Accuracy of interpretation and recommendation are based on representatives sample and information supplied Mo wamanty is expressed or implied for this report
8 Fl., Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10220, Thailand Ted : {B82) 361 8800-3 Fax : (862) 361 8557

hittp:ifhwesw_focuslab.cooth Email : focuslabi@focusiab.coth
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c“s LubeCheck ™ - Qil Analysis for Predictive Mainte

LABORAICRIES LTD. 150 9001: 2000 Certified.

Cogiomer ; 18004 mp.  :OWS5277 Eng
fjustomer . |CE R&D LAB . A
Address : Faculty of Engineering Un!t Ty | Engeia Dissnl Overall Condition Rating
Chulalongkom University Unit Make : TOYOTA §NORMAL| _ NORMAL| . NORMAL
Bangkok Unit Model : 5L DIESEL = 5
3 2 g { ‘E {
Testcode : 804 904 914 Vugee.  : PTTD3PLUS SAE 40 APICF 31 B E]
Site Name : NGV DDF PROJECT % =) =]
Lube System Capacity : 6 Liters Location : = B
Recommendations and Notes AN\1779~
Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Centinue routine sampling interval.
AS ! Andy Sitton
..,urre nt aam Alarm Limit Range
Condition History Cont. Limit Name (Equipment / Ol) :
N M N N Engine Diesel General PTT
F - _-— a— 'ﬂ‘ 2 - - - -
FocusLab ID ;3: 68000 67999 | | £7998 D3 SAE 40
Date sampled i E I 18-Dec-08 [ 17-Dec-08 \ 16-Dec-06
Hours on Oil = & 4698 kms 4014 kms 2881 kms
Hours on Unit :-_' 364319 kms 364134 kms . 263001 kms
Bottle 1D 859838 f BE9E34 859832
— e AP k ==
Wear Condition = _ Mo RDE SEE Saatas
Wear Element RDEfine [RFS. < ro RFScoarse  RDEfine RFS coarse UGamion | Urhctiem | auion | Uidchon |
Iran 360 C LS Py X 34.1C 9.2 1 .24 =38 3 353
Chromium 05 DA B 07 0s i] i =17 =34
Lead 76 s 6.4 34 0 »13 »15
Copper 0a B35 08 02 0 535 20 234
Tin 14 204 1.1 348 i >5.8 =117
Aluminum 3.2 Fi 28 0.4 0 : 56 >9
Micke! 0o oo = 02 08 0 0.6 St 1 2 4.1
Silvar 0.0 ooy 0.0 0.4 1]
Molybdenum 0.1 oo | 0.8 1.8 77
Titanium B 0.0 0.0 0.0 £ 0.2 0 i
Oil Condition L. - b
Viscosity @ 40 °C D445 P e F—16%:3-€ 515940 146.3 <124.33
Viscosity @ 100°C | D445 | wesid | 181 159 457 149 <127
Cixidation FTIR A ell 104 N 102 a9 5.0 14 >19
Mitration FTIR || Abs 10.0 a7 a1 40 b w5k
TAN D J 31 »37
T8N 11.4 8.3 97 <2 4
Contamination _ sen i |
Water 0.061 B, 0062 0.073 1 >03
Fusl Yoo oo 0.00 3
Glycol 0 1 [
Soot 0.34 024 0.00 21 »51
l :
Sodium 2 2 a
Silican 29 86 0.7 a7 21 g i3 > 16 ' |
- a— -
Addi mve Element New 3
Baron PR 1) 4F 40 ! 45 o
Magnesium =M 21 2063 2187 3012
Calcium B 4 ] 31 b | 24
Barium PRM 1} i} 0 [1}
Phasphorus PP 1007 1033 1117 263
Zine | | PP | 1233 289 1232 254 1232 213 1354 X )
Additional Test penc | Leeuion teceuten N
Flash Point °%C
Viscosity Index
Other

Mote: Alarm Limitz are variable and dependent upon dataset size and to be uzed as general guidelinz.
No Sign or (M) : NORMAL | C or i { first level waming fimit } | A or : ACTION required  { second level waming limit }
U-Cautiar pper CA OM Lavel L-Cautior Lower CAUTION Le First lewel warning limit in Upper level and/or Lower lewvel
U-Action . Upper ACTION requlre\i Level L-Action : Lower ACTION requl!ed Lewel Second level warning Emit in Upper level andior Lower level
sy of infem and lation are based on representatves sample and information supplisd Mo warranty is expressed or implied for this repart.
8 Fi., Thosapa! Land 4 Bldg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10260, Thailand Tel : {662) 361 BBOD-3 Fax: {B62) 361 8567

hitipeihwesw focuslab.coth Email : focuslab@focuslab.coth
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LubeCheck ™ - Qil Analysis for Predictive Maintenance

LABORATORIESLID. S0 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 e :OW 5277 Eng
ustomer . |CE R&D LAB
.htailr:ln;ss + Faculty of Engineering tit-Typa: : Prignia lesal Overall Condition Rating
" Chulalongkorn University Unit Make : TOYOTA = NORMAL| NORMAL| _ NORMAL

Bangkok Uniit Model ; 5L DIESEL £ = £

Testcode : 804 904 914 Vscory  : PTTD3PLUS SAE 40 API CF &1 & £
Site Name : NGV DDF PROJECT g =1 E

Lube System Capacity :6 Liters Lacation = =

Recommendations and Notes ANN1777.

Al oil conditions and oil tests appear in normal working range.

All wear conditions and wear tests appear in normal warking range.

All contaminant conditions and contaminant levels appear in normal ranges.

No oil change recommended at this time, oil appears suitable for further use. Continug routine sampling interval.

A5 ! Andy Siitan
: ——— — —
Gurrent Sample. | Previous Sample Alarm Limit Range
Condition History l J M ] (i\ -.&l;%;“\.w Qi Cont. | imit Name (Equipment / Oil) :
] N I\p | (N LYy N N N N Engine Diesel General PTT
— e s —— -= D3 SAE 40
FocusLab ID 3 68003 68002 B 58001
Date sampled g ‘_a" I 19-Dec-06 [] 49-Dec-08 | 18-Dec-06
Hours on Oil = & 1755 kms 1045 kms 0 kms
Hours on Unit = 366574 kms 365864 kms . 264519 kms
Bottle ID 559544 f 859542 859840
- - E s s R e -
Wear Condition P
Wear Element  Rogffine FS tose * ROE i
Iron 11 LRE I | 14.
Chromium 05 028 ¥ 04
Lead 44 Ll | 17
Copper 0.3 | g | 02
Tin 29 > S | 086
Aluminum 1.8 14 E 1.0
Mickel 01 00— = 0.0
Silver 0.0 Doy 0.0
Molybdenum 0.6 54 ] 0.0
Titanium 0.0 00 | 0.0 £
0il Condition -5 neoi Y oo venaioe R
iscosity @ 40 °C 1559 I 1540 1 1497 146.3 <124.35 <131.67>160.93
Viscosity @ 100 °C 15.4 152 14.9 149 <127
Cixidation 9.6 o4 a4 5.0
Mitration 8.6 83 79 4.0
TAN
TBN | 89 9.0 11.3 9.7 <2
Contamination e
Water | 0.063 0.062 L] 0.070 0473
Fusl ' 0.20 0.20 1 010 0.00
Glycol ¥ il 0 0
Soot % (W) 0.16 0.05 0.o0 0.00
Sodium D-g5ea | PPM 1 2 2 a
Silican D-8505 PPM 52 26 40 21 7.2 38 q 13 »31 15 571
chi ~— e a— o :
Additive Element Hera T
Boron : i PPN 46 50 i 60 ]
Magnssium a N L] 2059 2112 S0a2
Calcium G Pl ] 28 28 2%
Barium PPM v] i] i a
Phosphorus PPN 988 1030 1030 963
Zinc 6585 | PPM 1234 746 1202 676 1236 441 254
Addifional Test : vesl [ covien v outon
Flash Point 2 °C
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guidelina
Mo Sign ar | N : NORMAL | C or s || first level waming lmit } | A ar .: ACTION requred | secaond level warning linit )
U-Cautior Uppar CAUTIC L-Caution Lower CAUTION Level First level warning limit in Upper lzvel and/or Lower level
U-Action . Upper ACTION required Level L-Action : Lower ACTION required Level Second level warning lmit in Upper level andlor Lower level
Accuracy of inte‘rpretatinn and recommendation are based on representstives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fi., Thosapel Land 4 Bldg., 847/28 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10260, Thailand Ted: {B62) 361 BB0D-3 Fax: {B62) 361 8567

hittp:waewfocuslab.co.th Email : focuslab@focusiab.co.th
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LubeCheck ™ - Qil Analysis for Predictive Maintenance

LABORATCRIES LTD. 150 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 i :OW 5277 Eng
ustomer . |CE R&D LAB
ame H . 1 i e .
Address + Faculty of Engineering Un!t Type: : Frigmo Dless Overall Condition Rating
Chulalongkomn University Unit Make : TOYOTA § NORMAL| _ NORMAL| _ NORMAL
Banghok Unit Model : 5L DIESEL £ 8] 2]
Testcode : 804 904 914 Viclwy ¢ PTTD3PLUS SAE 40 API CF 31 s £
Site Name : NGV DDF PROJECT 3 = %)
Lube System Capacity : & Liters Location : = i

Recommendations and Notes aN1777 .

Note some test values are near to the Alarm Limits, or slightly aver the Alarm Limits, but are not considered serious at this time.
All other wear tests and ol condition tests appear satisfactory, and the oil was still serviczable at the time of sampling.
Continue routine sampling interval.

AS ! Andy Sitton
Current 3 ﬁ e " Previous Sample Alarm Limit Range

Condition History ! M Hﬁ &\ ?ﬁgﬁk M " Dil  Cont.  Limit Name (Equipment / Oil) :

N 0 r«p | Q0 AN N) | N N N Engine Diesel General PTT

) — ——a S S D3 SAE 40

FocusLab ID 2 . 681 9? 68196 || 638195
Date sampled T 3 l 21-Dec-06 M 20-Dec-08 | 20-Dec-08
Hours on il = & 3622 kms 2997 kms 2330 kms
Hours on Unit = 366441 kms 367816 kms . 367149 kms
Bottle ID | | 859850 b 859848 859846

Wear Condition

Wear Element Unit kE fine RFS coarse
Iron PPM 18.9 10.9 i
Chromium PP 03 0.4 a
Lead PPM 4.3 .1 a
Copper PPM 0.4 0.3 1]
Tin PPM 21 36 [i]
Aluminum PPM 1.7 92 A 0
Mickel PP 01 0.1 a
Silver PPM 0o DO 0.0 01 0.0 0.1 a
Maolybdenum FPM 0.5 | 1 0.9 9 0.0 11.0 77
Titanium =P 0.0 02 0.0 0.6 0.0 0.3 1]
' - - . o
Qil Condition - - Lol 1
Viscosity @ 40 °C cst 5 158.8 57 T iE51 1463 <124 38 <i
Viscosity @ 100°C el ] 156 156 15.4 149 <127
Oxidation Abs 56 96 9§ 5.0
Mitration Ab 91 &89 8.7 4.0
TAN 5 J
TEBM 86 8.6 3.6 9.7 <2
Contamination _ e
Water FTIR 0.064 0.059 b 005 0.073
Fuel SAW (W 0.10 b 0.10 1 010 0.00 3 5
Glycol | o 4 1] i g i}
Soot HIIR (W) 0.31 0.30 0.24 0.00 21 =5.1
Sodium D-A585") PPM z 1 1 0
Silicon | p-a5e5 | PPM B B8 1.7 82 38 549 43 g 13 =31 i5 271
Additive Element _ 2 —_ wewor’ :
Boron T Bases | -~ru a7 47 i 48 0
Magnesium D-8505 1 4PPM \ 2081 2080 1994 3012
Calcium . D-6585 7R H / 32 20 24
Barium PPN 1] i] 1] a
Phaosphorus PPM 1162 1123 1117 963
Zinc s PPM 1137 236 1254 534 1249 586 1254
Additional Test Newss | hgten | LCauion  (-Cauion
Flash Point 3 °%C
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upcm dataset size and to be used as general guideline.

Nao Sign or [ ]): NORMAL | C or I { first level waming fimit} | A or .: ACTION requred | second level warming limit )
U-Cautiar Uppar CA = L-Caution ower CAUTION Level First level warning limit in Upper lzvel and/or Lower level
U-Action - Upper A.CTIDN requlled Level L-Action i Lower RCTIDN I"qu.lll'Ed Lewel Second level warning Bmit in Upper level andfor Lower level
y of intem and lation are based on representstives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fl.. Thosapc! Land 4 Bldg.. 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10260, Thailand Te : {B62) 361 B600-3 Fax: {662) 361 8567

hittpewenw focuslan.coth Email : focuslab@focusiab.coth
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CUS

LABCRAICRIES LID.

LubeCheck ™ - Qil Analysis for Predictive Mainte

IS0 5001: 2000 Certified.

Customer . 18004 L :OW 5277 Eng
fjustomer . |CE R&D LAB
ame - . - .
Unit T : Engine Diesel . . .
Address : Faculty of Engineering 2 ype 9 Overall Condition Rating
Chulalongkorn University Kt Maikg + 0 TIITR 5 NORMAL| _NORMAL| - NORVAL
Bangkok Unit Model : 5L DIESEL 155' 57 27
Oil type | . B 2 £
Test code 804 904 914 vischay  © PTTD3PLUS SAE 40 APICF 31 5] E7
Site Name : NGV DDF PROJECT 5 =) =7
. - = (&
Lube System Capacity : 6 Liters Location : =
Recommendations and Notes 1777~
All oil canditions and oil tests appear in normal working range.
All wear conditions and wear tests appear in nermal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
Mo oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.
AS ) Andy Sitton
B = —— =
Current a?!e ious Sample Alarm Limit Range
Condition History l ﬂ ‘%\ ﬁﬁ“‘- &M“ Cont. | imit Name (Equipment / Oil) :
N ry ’rp a0 N N N Engine Diesel General PTT
= - A A - = D3 SAE 40
FocusLab ID 2 s 68387 = 68386 58385
Date sampled z id 22-Dec-08 ' 21-Dec-06 \ 21-Dec-08
Haours on Oil % & 1194 kms 0 kms 4306 kms
Hours on Unit 2 370318 kms 360125 kms . 369125 kms
Bottle 1D 350784 ¢ 859854 859852
E E 3 - aes i asmua - - ——
Wear Condition y f
Wear Element Unit  RDEfine RFScodme - ;
Iron PP 8.9 i | 363 C
Chromium PAM 06 0.0 : 0.5
Lead PRI a4 F | 6.6
Copper ] 02 L F B | 0.5
Tin PRI o7 o+ 16
Aluminum PPM 1.3 oo - 22
Mickel =PM 0.& A—1 0.5
Silver PPM 0o L | 0.0
Molybdenum PPM 0.8 73 1 0.3
Titanium PPl 0.1 0.0 0.1
e s
Oil Condition ot jiniey g
: iy e
Viscosity @ 40 °C D445 [ 14986 160.1 146.3 12433
‘iscosity @ 100 °C D445 145 157 149 =j37
Oxidation FTIR B3 9.8 5.0
Mitration FTIR Fa 9.3 40
TAN
TBN 9.4 86 87 <2 4.3
Contamination et
Water FTIR || %(Wt) 0067 0.077 B~ 0.064 0073
Fusl W 0.10 0.10 1 0.10 0.00
Glycal BT ] o X a
Soot FTIR % (wWi) 010 0.00 034 0.00
Sodium FPM 2 1 2 i
Silicon PRI 48 24 6.1 3.9 79 52 9 =21 16 321
Additive Eer_nent L]
BUml'I » i | ) 52_ - . [ | 61 10 ) | | 4_3 2 o} | - a
Magnesium =M N 2005 2002 2049 3012
Calcium Gal' b ] 25 28 24
Barium PPM D i} o a
Phosphorus PPM 1184 1137 1102 963
Zinc PP 1128 422 1166 191 1205 5391 1254
Additional Test New O wmmm U-Caution SEAenl
Flash Point C
Viscosity Index
Other

Mote: Alarm Limitz are variable and dependent upon dataset size and to be uzed as general guidelinz.

No Sign or (M) : NORMAL | C or i { first level waming fimit } | A or ACTION required | second level waming limit }

U-Action .
ry off intem

pper CAUTION Lavel i Lower

Upper ACTION requlre\i Level L-Action Lower AC’TIOH requl!ed Lewel
and lation are based on representatives sample and information supplied

First lewel warning limit in Upper level and/or Lower lewvel
Second level warning Emit in Upper level andior Lower level
Mo warranty is expressed or implied for this report.

8 Fi., Thosapa! Land 4 Bldg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10260, Thailand
hitipeihwesw focuslab.coth

Tel - (682) 361 BAO0-3 Fax : (882) 361 8567
Email : focuslab@focuslab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. |50 9001 2000 Certified. Page 1 of 4
Gustomer . 18004 ity :OW 5277 Eng
ustomer . |CE R&D LAB
ame H . 1 1 s .
Address 1 Faculty of Engineering Un!t Type: = Frgie liesg) Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL| _NORMAL! _ NORMAL
Bangkok Unit Model : 5L DIESEL =5 57 £]
Testcode : 804 904 914 Vicoary  : PTT D3 PLUS SAE 40 API CF 31 8 £
Site Name : NGV DDF PROJECT 2; = 3
Lube System Capacity : 6 Liters Location = =

Recommendations and Notes ANN1777 .

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oll condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS ! Andy Sitton
Current Sample ‘F"re;«'!ous Sample Alarm Limit Range

Condition History F f -0 H* &,\ M\. “‘% il Cont  Limit Name (Equipment | Oil) :

N NG AN Q0 D N N Engine Diesel General PTT

= — e e Emva) T - D3 SAE 40

FocusLab ID 3 68481 68430 \ 68479
Date sampled = § ' 25-Dec-08 s 24-Dec-08 ‘ 23-Dec-06
Hours on Oil = & 3713 kms 2438 kme 1818 kms
Hours on Unit K 372336 kms 371561 kms | 270943 kms
Bottle ID | 859790 ‘ 859788 859786

Wear Condition

Wear Element Unit  RDEfine RFS. W‘ RDE
Iron PPM 160 ; 16.5
Chroemium PPM 0.3 D.3 ¥ 04 0.0
Lead PPM 53 Gan <A f 4.9 5.5
Copper FPM 0.3 [ B 03 01
Tin PPM oo 3¢ 23 29
Aluminum PR 14 T3CF 1.7 5.2
Mickel PPM 0o po—= 01 0.0
Silver PPM oo (V5 S 0.0 0.1 i
Molybdenum PPM 0.0 10:0 0.0 34 A
Titanium / ’“M‘ 0o 0.0 0.0 0.2 I 0.0
Qil Condition
: : -—— —_—— -
Viscosity @ 40°C Du45 | fcaf— 1543 PR X § 1522 146.3 <124 3%
Viscosity @ 100°C || D45 | wemd | 156 15.5 15.5 149 <127
Oxidation FTIR Abs 4 85 88 T 5.0
Mitration FTIR Al | 92 89 856 4.0
TAN
TBN 87 87 X 8.7 =2
Contamination ) ) Yordd [
Water FTIR 0.068 0.067 5 0.067 0073 0.1 =0.3
Fuel sAW it. 0.10 H 0.10 1 010 0.00 3 ]
Glycol P £ 4 0 1] ' 0
Soot AR A % 0.30 0.25 019 0.00
Sodium D-gsnst) PPM 1 2 2 0
Silicon | D585 | PPM || 6.7 44 79 38 78 23 g 13 =31 15 531
Additive Element O —_ waor T
Boron - PPl 42 o | 53 0
Magnesium PEM \ 2110 2085 2120 3012
Calcium =P 30 / 3 31 24
Barium FPN 3 i] 0 (1]
Phosphorus PPM 1139 1100 1103 963
Zinc FPM 1186 411 1283 285 1240 218 1254
Additional Test
Flash Point =
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline

NoSign or () : NORMAL |, Coor B CAUTION (frstlewel vaming fmit) , A or .; ACTION required { second level warming fimit )

U-Cauti Upper CALT § L-Caution Lower CAUTION Lavel First level warning limit im Upper lzvel andlor Lower level

U-Acuon - Upper ACTION required Level L-Action : Lower .I\CTION requlred Level Second level warning imit in Upper level andfor Lower level

Accuracy of interpretation and recommendation are based on representatves sample and information supplied Mo warranty is expressed or implied for this report.
8 F1., Thosaped Land 4 Bldg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10260, Thailand Ted : {B62) 381 8800-3 Fax: (882) 361 8567

hittpedfwesew focuslab.coth Email : focuslabi@focusiab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Main

LABORATCRIES LTD. Page 1 of 4
Customer . 48004 . : 0L 9038 Eng
ustomer
fisiomer . JCE R&D LAB . )
Unit T : Engine MNat Gas ot .
Address - Faculty of Engineering ' ype 9 Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL| NORMAL| _ NORMAL
Banghok Unit Modek 5L DDF NGV £ 5 2
oiltype! . 5 = =
Testcode : B804 904 914 Jiipe!  : PTT D3 PLUS SAE 40 API CF 3 8] El
Site Name: NGV DDF PROJECT ._Z:q‘: = (:J':;!
Lube System Capacity : 6  Liters Location =

T T g \N.\\Wm‘

AQ (anti-oxidant) additive, as measured by ASTM D-6971, is considered Satisfactory at this time.
Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
Continue routine sampling interval.

AZ | Ardy Sitton
- = — — ; .
Current Sa?e | _Previous Sample Alarm Limit Range

Condition History _ 3 ﬂ ﬂ m [&\M{‘h‘\‘ Limit Mame {Equipment [ 0il} :

N N .:‘pp | ¥ N Ny Engine Diesel General PTT D3

— _— o el ——— \ . SAE 40
FocusLab ID E 67016 66878
Date sampled 2 § 22-Nov-06 [ 20-Nov-06 |
Hours on il % & 803 kms 0 kms
Hours on Unit 'E 320768 kms 319365 kms
Bottle ID 848205 ! 848202

. — - s o g S —

Wear Condition

WearElement  Method Unit RDEfine [RFScodise - ROEf
Tron pEM 8.5 55 By o3
Chromium PP 0.2 o.0¥ ¥ 0.6
Lead PEM 19.3 A L bt il 111 .
Copper PPM 0.2 LI | 0.1
Tin PEM 0.0 s ey 'S
Aluminum PRM 1.1 0.0+« 1.4
Nickel PPM 0.6 H=—+¢ 0.4
Silver PEM 0.1 00y 0.1
Molybdenum PPM 2.4 0.0 2.4
Titanium Ae 0.1 (V£ U | 0.0
s d—— Sl e
0il Condition = o 4
Viscosity @ 40 °C E g TS I 1322 H
Viscosity @ 100 °C == 15.2 14.5 I
Cridation Abs wll B2 7.7
Mitration 8.0 7.5
TAN .
TEN ] 8.8 6.6 a7 =2
Contamination ot
Water y 0.078 . 0.073
Fuel 0.10 1 0.00 3 25
Glycol [i] !
Soot 0.00 0.00 2 =5.1
Sodium poM 2 1 il
Silicon - PP 5.4 1.5 N 7.0 2_.5_ — 9 ] 3 =2 T =21
Additive Element - Bew Oil
Boron § o6, | oom 56 60 i
Magnesium p-ss95 | (Pea |, 1860 1832 iy
Calcium [-6595 || | APM 319 ] 268 24
Barium ] ] a 1]
Phosphorus PPM 1099 1151 963
Zinc PPM 1180 206 1194 183 1254 - :
Additional Test ) ) Mew Oil rl'm LCaution  U-Caution | Uskction |
Flash Paint oc
Viscosity Index
Other
Maote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.
No Sign or [}z NORMAL , c oor h : CAUTION { firstlevel warning fimit) A ar .: ACTION required  { second level warming fimit j
I-Caution Ipper C TION Lavel L-Caution Lower CALTION Level First level warning limit in Upper level andior Lower level
U-Action . Upper ACTION required Level  L-Action Lower ACTION required Level Second level waming limit in Upper level andlor Lower level
Accuracy Ofl‘nlE‘I‘p[Ela‘.iOl‘l and recommendation are based on wes sample and inft it E Mo warranty is expressed or impbed for this report
8 Fl., Thosapol Land 4 Sidg.. 847/32 Bangna-Trad Rd., KM.2, Bangna. Bangkck 10280, Thailand Tel: (882) 381 8600-2 Fax: (BG2) 351 8567

hitoliwww. focuslsb.coth Email - focuslsbi@focuslab coth
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LubeCheck ™

- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Gustomer , 18004 Nomber - OL 9038 E1
ustomer
fustomer . yoE R&D LAB . )
Unit T : E Nat Ga P .
Address : Faculty of Engineering n- yire : ENGNG Rakbas Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL| NORMAL _ NORMAL
Bangkok Unit Modek 5L DDF NGV =] 5] 27
il type / . z 5 2
meless owHE  God G9d Qltpe!  : PTT D3 PLUS SAE 40 API CF 3 8 £
Site Name: NGV DDF PROJECT § =1 E'
Lube System Capacity : 6  Liters Location

ANN\1779

AO (anti-oxidant) additive, as measured by ASTM D-6971, is considered Satisfactory at this time.
Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
Continue routine sampling interval.

Recommendations and Notes

AS | iy Sitton
== =
- — — = — = =
Current Sa?ie | _Previous Sample Alarm Limit Range

Cendition History ﬁ l ﬂ ﬂ &\meﬂ Cont.  Limit Name {Equipment [ Oil) :

N Y R RS Y ‘ N N N Engine Diesel General PTT D3

- B W x P WA _ SAE 40
FocusLab ID g 67019 67018 | 67017
Date sampled it El 24-Noy-06 ' 24-Nov-06 | 23-Nov-06
Hours on Oil 2 & 0 kms 3056 kms 1824 kms
Hours on Unit kS 323021 kms 323021 kms . 321789 kms
Bottle ID 348211 1 843200 848207

= = L - E=3 AW S s smu ——
‘Wear Condition jro= ) New
Wear Element Method Unit Il[!‘u: ﬁw‘@m& ,&ﬁne RFS coarse O UCauion ﬁ%‘“‘ :
Tron pEM 3.0 1400 A3F 15.6 11.4 18.6 1 3 =38 3 =53
Chromium PER 0.z 00" F 0.1 0.0 0.2 0.0 0 i i B 324
Lead PEM 4.2 ], sl A 5 - 24.2 257 A 19.1 0 >13 >15
Copper PP 0.1 00§ 0.5 0.3 | 0.4 0.2 0 525 2 >34
Tin pEM 1.2 SR | 0.6 3.0 0.2 0.2 i 58 =117
Aluminum pEM 0.9 00 = 2.4 10.9 15 5.7 0 E =%
Nickel pEM 0.6 00 ¢ 07 € 0.0 0.5 0.0 1 1 sz >4.1
Silver PPM 0.0 0.0} 0.0 0.0 0.0 0.0 1
Molybdenum PEM 0.7 0.0 25 0.2 I 2.0 0.0 7
Titanium Pl 0.4 0.0 0.1 0.0 0.1 0.0 i
P W WG A AT A v - e

oil Condition - d we-cu [ o
Viscosity @ 40 ‘C o445 | \cot o 150:3 1515 | 143.9 5 <1317
Viscosity @ 100 *C 0445 oot 14.9 15.7 15.2
Cxidation FTIR 7.8 L 9.4
Nitration FTIR 7.7 “ 8.9 8.4
TAN D974 .
TEN D-4738 3.3 8.5 8.7 27 < 4
Contamination _ Yol a
Water FIIR % (Wt} | (.08 | oot 4. 0.079 0.073 01 »03
Fuel SAW ol %6 (W) 0.10 0.10 1 0.10 0.00 25
Glycol Fir iy 4 ) 0 i 0
Soot AR F I o6 (W) 0.00 I 0.34 0.18 0.00 2 =51
Sodium D595 | PEM 2 2 2 0
Silican D595 | PeM 6.6 o0 I 73 3.9 |61 4.9 Y >t =21 521
Additive Element ____ Hew Gl
Boron B [ 60 P S 4 ¥
Magnesium Des9s | (Fe | 2048 1946 1798 a012
Calcium C-6595 | | BOM 63 [] 346 312 24
Barium PEM a 2 2 0
Phosphorus PPM 1039 1051 1056 963
Zinc PPM 1175 196 1180 303 1183 272 1258 ; -
Additional Test ] ) Mew il | LeAcion | L-Cauion  U-Cauion | lbAction |
Flash Point oC
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or | \J): NORMAL | C or { first level warning limit ) | A or ACTION required | second level warning limit )

First level warning limit in Upper level and’or Lower level
Second level waming limit in Upper level andfor Lowsr level
Mo warranty is expressed or imphed for this report.

- a Ippe: on Lavwe: |
U-Action - Upper ACTION required Level  L-Action Lower ACTION required Level
Accuracy of interpretation and recommendation are based on representatives sampls and nformation suppled.

@ Fl, Thosapol Land 4 Sidg., 847/38 Bangna-Trad Rd., KM 2, Bangna, Bangkok 10280, Thailand
hitp:ifweenw focuslab.co.th

Tel : (662) 381 8600-3 Fax: (B42) 351 8567
Emaii - focuslabi@focuslab.coth
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[ABORATORIES LTD.

- Oil Analysis for Predictive Maintenance

Page 1 of 4
Customer . 18004 it : QL 9038 Eng
ustomer
fjustomer . yCE RRD LAB i )
Unit Type : E Nat Gz o :
Address : Facuity of Enginsering n! ype ;. Tnone e & Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA 5 NORMAL| _NORMAL Nomu
Bangkok Unit Model 5L DDF NGV £] 8] =1
Qitype! . pTT D3 PLUS SAE 40 AFI CF g 2 £
Test code 804 an4 914 Viscosity . o S E {
Site Name: NGV DDF PROJECT &7 = S;
Lube System Capacity : 6 Liters Location =

Recommendations and Notes

NaN1777 -

MNote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

Condition History

AZ | Ardy Sitten

L.urrent Sam A\ Prewoua Sample
7 @ A e

Alarm Limit Range
Limit Name (Equipment | Oil} :

N ry I'j) N NY .'N‘ N N Engine Diesel General PTT D3

= - P ,..-v,!- — e SAE 40
FocusLab ID E ” 67141 67140 1 67139
Date sampled ] 3 26-Now-06 ' 26-Nov-06 1 25-Nov-05
Hours on Oil = & 3005 kms 2031 kms 1176 kms
Hours on Unit K 326027 kms 325052 kms 324197 kms
Bottle ID 848219 1 848217 _ 848215

PR 5.
Wear Condition
Wear Element  Method Uit Rnﬁ- m& ﬁﬁi% %Eﬁne RFS coarse
Iron H ‘ 1.0
Chromium o.? o.u ¥ u.s o.o o.s 0.0
Lead 14.2 A FAAL - 4069 8.5 9.2 ¢C 2.4
Copper 0.4 o1 0.3 o1 | 0.2 0.0
Tin 1.8 2364 16 0.3 1.0 2.4
Aluminum 2.1 0.0— 1.5 48 1.2 0.0
Nickel 0.5 ¥ R 0.4 0.0 0.5 0.0
Silver 0.0 0" 0.0 0.0 0.0 0.0
Molybdenum 0.7 00~ | 0.9 0.0 | 0.7 0.0
Titanium 0.0 0.0 0.0 0.0 00 [ 00
0il Condition o
Viscosity @ 40 °C 159.5 157t I 1528
Viscosity @ 100 °C 16.1 15.6 I 15.3
Oxidation 9.8 9.2 8.4
Nitration a.2 y 3.6 8.2
TAN )
TEN 9.1 8.9 8.9 97 < ] )
Contamination el e '“’?‘
Water | 0.075 | o7 4. 0,080 0.073 -
Fuel 0.10 0.10 1 0.10 0.00 =5
Glycol 0 1] g o
Soot 0,30 0.23 0.15 0.00 2 =5.1
l

Sodium 2 2 2 0
Silicn 5.7 10 | 47 20 | 46 0.0 3 > 221
Additive Element Ay
Boron 41 41 i 45 1
Magnesium 2203 2075 2182 3012
Calcium a8 ] 89 73 24
Barium a a 0 [\
Phosphorus 992 964 1038 963
Zinc 1265 211 1259 236 1321 306 1254
Additional Test New il | iEAten | -Sauion U-Cauton | Tibon |
Flash Paint D-3828 oc
Viscosity Index D-2270
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

Me Sign or |- . oar { first leved warning limit ) A ar 1 ACTION reguired  { second level waming fimit )

NORMAL |

A

U-Action - Upper ACTION required Level  L-Action
Accuracy of interpretation and recommendation ane based on rep

First level warning limit in Upper level andior Lower level
Second level waming limit in Upper level andior Lower level
Mo warranty is expressed or impled for this report.

Lower ACTION requlred Level
=sample and inft tion supplisd.

8 Fl, Thosapol Land 4 Bidg., B47/30 Bangna-Trad Rd., KM 2, Bangna, Bangkok 10280, Thailand
hitp:ifwww. focuslab.co.th

Tel : {662) 381 8800-3 Fax: (BE2) 361 8567
Email : focuslabi@focuslab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. Page 1 of 4
Cuslomer . 18004 homber  : OL 9038 Eng
ustomer
fUSiomer . JCE R&D LAB ; )
Unit T : Engine Nat Gas P .
Address : Faculty of Enginsering g ype g Qverall Condition Rathg
Chulalongkorn University Unit Make : TOYOTA < NORMAL| NORMAL _ NORMAL
Bangkok Unit Modek 5L DDF NGV = 57 27
Oiltype! . 5 i £
Testcode : 804 004  oi4 Visombgy @ PTT D3 PLUS SAE 40 APL CF 37 ST £l
Site Name: NGV DDF PROJECT ;u“ h = E
Lube System Capacity : 6 Liters Location fu

Recommendations and Notes 1777~

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

= AS | Arely Sitton
C.urTent ba?n Pravious Sampjle Alarm Limit Range
Condition History ﬂ \ F. 0l Cont.  [jmit Name (Equipment / Oil} :
N Ny 0 hp N N N Engine Diesel General PTT D3
A % RLEE. 5 SAE 40
FocusLab ID § 571?9 67143 B | 67142
Date sampled I E 27-Nov-06 | 27-Nov-06 25-Nov-06
Hours on Gil = & 1692 kms 752 kms 0 kms
Hours on Unit E 327719 kms 326789 kms 326027 kms
Bottle ID 248225 f' 843223 | 848221
—— e = ) M. 5. -

Wear Condition

Wear Element . Method Unit RD#IE M‘ Rﬂé% &ﬁl‘l! RFS coarse
H 3.8 K

Tron PP 28 f . 0.6

Chromium PEM 0.0 0.0¢ ¥ 0.5 U.D 0.4 0.0

Lead PEM 4.8 | 5.0 4.0 1.7 2.7

Copper opr 0.1 00 % 01 LINIR | 0.1 0.1

Tin PEM 0.0 4.5 28 [ 243 0.9 3.2

Aluminum PRM 0.3 4 — 1.3 83 C 0.8 0.0

Nickel PEM 0.0 (1 0.3 0.0 0.2 0.0

Silver peM 0.0 oo 0.0 0.0 0.0 0.0

Malybdenum PEM 0.0 0.0 0.8 0.0 | 0.3 0.0 Tr

Titanium PEM 0.0 0.0 § 0.0 0.0 0.0 0.0

[ s =] = -

0il Condition o0

Viscosity @ 40 °C D-245 159.2 To1549 | 150.5

Viscosity @ 100 °C D-445 156 154 I 15.0

Cridation FTIR . o 8.7 7.6

Nitration FTIR 8.4 u 8.1 Fig

TAN D-974 : | I

TEN 04739 9.1 9.1 9.3 Sl 45

Contamination = |

Water % (We) | 0.084, 0.077 b 0.086 1| oora {03

Fuel % (W) 0.10 0.10 1 0.10 0.00 =5

Ghycol ] [} o ]

Soot % (W) 0.25 D.22 0.00 0.00 - >5.1
!

Sodium el 1 1 1 0

Silican pPM 3.7 1.7 . b Y 0.3 3 _J 13 »21 i =21

Additive Element ' ] Mew Gil

Boron e 40 50 i 56 T

Magnesium | . 2149 L 2238 2126 J02

Calcium iz 3 36 31 4

Barium PEM [i} a 0 0

Phosphorus PRM 1070 1077 1031 963

Zinc 55 | pem | 1217 218 1314 210 1296 194 ELL 1 R

Additional Test New 0. | hcten | LCauton -Cantion | ikcion |

Flash Paint g o

Viscosity Index

Other

MNate: Alarm Limits are variable and dependerﬂ upon dataset size and to be used as general guideline.
NoSign or [N): MORMAL , C oor e o CAUTION ( first leved warning fimit ) A or .: ACTION required  { second level warning fimit }

Cautio Up CAl N Levei L-C o Lower CAUTICN Level First level waming limit in Upper level andior Lower level
U-Action - Upper ACTION required Level L-Action :  Lower ACTION required Lewvel Second level warming limit in Upper level andior Lower level
Accuracy ﬂrin[E-I'p'ElB‘.iDI'I and recommendation are based on repr ives sample and inft ition supphed Mo warranty is expressed or impled for this report.

8 Fl., Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.3, Bangna. Banghkok 10280, Thailand Tel : (562) 361 8600-3 Fax : (632} 361 8567

hitp:iwew. focuslab. coth Email : focuslab@focuslab co.th
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- Oil Analysis for Predictive Maintenance

[ABORATORIES LTD.

Page 1 of 4
Customer . 18004 it : QL 9038 Eng
ustomer
fiusiome” . TCE R&D LAB ; )
Unit T tE Nat Ga E i
Address : Facuity of Enginsering n! ype : Tnane e & Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL NOR"!M.
Bangkok Unit Model: 5L DDF NGV = 5 27
Qitypel . pTT D3 PLUS SAE 40 API CF S £ £
Test code 804 an4 914 Viscosity = =5 K3 E {
Site Name: NGV DDF PROJECT 8 = S;
Lube System Capacity : 6 Liters Location i

Recommendations and Notes sea\r777 .
Note abnormal wear metals.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

AZ | Ardy Sitten

Prewoua Sampie Alarm Limit Range

m &\ '&P}&L X M il Cont.  [imit Name (Equipment.f oil) -

1?“4 NY N N N Engine Diesel General PTT D3
SAE 40

L.urrent bamE

_&_ ry rp

Condition History

FocusLab ID E 6?182 6?181 B 67180
Date sampled i E | 29-Nov-06 ] 29-Nov-06 28-Nov-06
Hours on Oil = & 0 kms 3502 kms 2852 kms
Hours on Unit E 329528 kms 329529 kms 328879 kms
Bottle ID 548231 A 848239 848227

Wear Condition

Wear Element  Method Unit Rnﬁ: M Emi% &Eﬁm RFS coarse
Iran PeM " 6.9
Chromium PEM 0.0 O.D g CLZ G.D 0.0 0.0
Lead PEM 0.8 1M a4 8.6 0 1.6 7.3 7.9
Copper oM 0.0 i g | 0.3 0.0 § 0.3 0.1
Tin PPM 0.0 +.6% 24 0.0 2.4 0.0 1.2
Aluminum PPM 0.3 10.5-A5 1.2 1.7 1.0 73 C
Mickel PEM 0.0 00 - 0.4 0.0 0.2 0.0
Silver ] 0.0 00y 0.0 0.0 0.0 0.0
Malybdenum PPM 0.1 8.5 ' 0.5 L AV | 0.7 0.0 ir
Titanium PrM 0.0 0.0 0.0 0.0 0.0 0.0
A = iy

0il Condition -3

st - — —
Viscosity @ 40 °C 5 oSt £ 15005 i 1652 162.6
Viscosity @ 100 °C D445 esed | 149 16.1 15.9
Oxidation FTIR Abs wll T 10.3 9.9
Nitration FTIR Hbs 7.7 s 9.1
TAN D-974 - J ~ .
TEM D-4739 10.0 8.3 9.5 97 <2 ] =
Contamination e o '“’?‘
Water | 0.087 b 0.084 0.073 i -0
Fuel 0.10 1 0.10 0.00 a5
Glycol (1] o
Soot l 0.29 0.27 C.00 - =5.1
Sodium 2 2 0
Silirnn 5.8 b 5.1 0.2 - 4.9 2.8 ] J 3 21 T 21
Additive Element Ay
Boron 35 i 22 1
Magriesium Pe | 2059 2050 2189 3012
Calcium i 23 ] 37 37 4
Barium PE a 0 0 [\
Phaosphorus PPM 1057 1041 1098 963
Zinc oo 1317 284 1189 186 1213 259 1254 E j —
Additional Test  LCauiion mum_;_m_g
Flash Paint oc
Viscosity Index
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

Mo Sign or |1 : NORMAL | . ar 'a = CAUT { first leved warning limit ) | A or ACTION required | second level warning fimit }

. Uppe T = L-C n mawer CAL = First level waming limit in Upper level andior Lower level
U-Actiom - Upper ACTION required Level  L-Action Lower ACTION requlred Level Second level wamning limit in Upper level andlor Lower level
Accuracy of interpretation and recommendation ane based on representafives sample and information supplied. Mo warranty is expressed or impled for this report

8 Fl., Thosapol Land 4 Bidg.. B47/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand
hitp:/iwww. focuslab.co.th

Tel : {662) 361 8800-3 Fax : (BG2) 361 8567
Email : focuslabi@focuslab co.th
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- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Gustomer . 18004 Womper  :OL 9038 Eng
ustomer
fiusiome” . TCE R&D LAB ; L
Address : Facuity of Enginsering Un!t Type : Engine Not Gas Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL NOR"!M.
Bangkok Unit Modek: SL DDF NGV £ & 8]
Qubpe!l  : PTT D3 PLUS SAE 40 APT CF S E £
Testcode : 804 904 014 Viscosity - o 3 &l
Site Name: NGV DDF PROJECT 8 = S;
Lube System Capacity : 6 Liters Location i

Recommendations and Notes ANNN1777-
Note abnormal wear metals.

All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AZ | Ardy Sitten

L.urrent bamE Prewoua Sampie Alarm Limit Range

Condition History ﬂ# &\ '&P}&L \ h il Cont.  [imit Name (Equipment | Oil) :
t ry I‘j) | 1’-}:4- Ny N N N Engine Diesel General PTT D3
FocusLab ID E 6?334 67333 B 67332 el
Date sampled ] E 01-Dec-06 [ 01-Dac-06 1 30-Nov-06
Hours on Oil = & 3492 kms 2468 kms 1067 kms
Hours on Unit E 333021 kms 331997 kms 330596 kms
Bottle ID 347631 1 847629 | 848233
- NP 4. =

Wear Condition

Wear Element  Method Unit Rnﬁ- M Emi% &Eﬁm RFS coarse
s3s 2

Iron pEM | ‘ 8
Chromium PEM 0.3 O.D g CLZ G.D 0.0 0.0
Lead pPM 9.9 € el 7.6 6.8 3.4 5.5
Copper noM 0.4 i | 0.2 i 0.1 0.0
Tin PPM 0.0 0.0% 24 0.0 0.3 0.0 0.0
Aluminum PPM 1.6 i | 1.2 2.3 0.3 0.0
Nickel PEM 0.4 o0 - 0.3 0.0 0.1 0.0
Silver =] 0.0 8.0 ] 0.0 0.0 0.0 0.0
Malybdenum PPM 0.7 7.6 ' 0.9 e | 0.0 7.0 ir
Titanium o | 0.0 0.0 0.0 0.0 0.0 0.0
R ! = iy

0il Condition of

2l - — —
Viscosity @ 40 °C 1445 S 170:2 T 1632 I 156.9
Viscosity @ 100 °C D445 esf ] 163 16.1 15.5
Oxidation FTIR Absefl 10.8 10.0 5.2
Mitration FTIR Abs 9.6 9.0 8.3
TAN D-974 - J . .
TEM D-4739 9.3 10.0 9.7 97 <2 4 ) =
Contamination e e
Water | o088 A 0,089 0.073 -
Fuel 0.10 1 0.10 0.00 3 a5
Glycol (1] o
Soot l 0.31 0.14 0.00 - =5.1
Sodium 2 2 0
Silicnn - 4.4 b 9.7 3.6 - 5.9 2.3 o ] 3 =2 i -39
Additive Element . ) M il
Boron ! 45 45 i 45 0
Magnesium PEM \ 2203 2105 2055 3012
Calcium i | 36 ] 32 27 4
Barium PE 17 20 20 0
Phaosphorus PPM 1233 1229 1242 963
Zinc oo 1222 267 1175 281 1196 407 1254 E j —
Additional Test  LCauiion mum_;_m_g
Flash Point g
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

Mo Sign or |1 : NORMAL | . ar 'a = CAUT { first leved warning limit ) | A or .: ACTION required | second level warning fimit }

. Uppe T = L-C n mawer CAL = First level waming limit in Upper level andior Lower level
U-Actiom - Upper ACTION required Level  L-Action £ Lower ACTION requlred Level Second level wamning limit in Upper level andlor Lower level
Accuracy of interpretation and recommendation ane based on representafives sample and information supplied. Mo warranty is expressed or impled for this report

8 Fl., Thosapol Land 4 Bidg.. B47/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel : {662) 3681 3600-3 Fax:{BG62) 361 B567

hitp:/iwww. focuslab.co.th Email : focuslabi@focuslab co.th
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LubeCheck ™

- Oil Analysis for Predictive Maintenance

[ABORATORIES LTD.

Page 1 of 4
Customer . 18004 Wmti  :0L 9038 Eng
ustomer
Rusiome! . TCE R&D LAB . )
Unit Tt 1 Engine Nat Gas P .
Address : Facuity of Engineering 5 ype g Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA < ]
Banghok Unit Modek SL DDF NGV E 5 £
il type | . = = -
Testcode : 804 004 914 Jubmel  : PTT D3 PLUS SAE 40 API CF 3 8’ £
Site Name: NGV DDF PROJECT E = E
Lube System Capacity : 6  Liters Location : =
Recommendations and Notes sea\r777 .
Mote viscosity starting to increase.
Minor amount of dirt and abrasive wear noted.
Recommend check to determine how dirt is entering the system and correct the problem to prevent further dirt entry.
AZ | Ardy Sitton
Alarm Limit Range

Condition History

FocusLab ID
Date sampled
Hours on Oil
Hours on Unit
Bottle ID

Wear Condition

Wear Element Method Unit
Iran =]
Chromium PEM
Lead PEM
Copper peM
Tin

Aluminum

Mickel

Silver

Molybdenum

Titanium

0il Condition
Viscosity @ 40 °C
Viscosity @ 100 °C
Oxidation

Nitration

TAMN

TEN
Contamination
Water |
Fuel
Glycol
Soot

Test Method
Fesult

Sodium
Silicon

Boron
Magnesium
Calcium

Barium
Phosphorus

Zinc

Additional Test
Flash Paint
Viscosity Index
Other

pams | oc

D-2270

A A lE A BN M «®
i e —— e
67337 67336 67335
03-Dec-06 y 02-Dec-06 02-Dec-06
5583 kms 4334 kms 4197 kms
335112 kms 334363 kms 333726 kms
847637 ! 847635 847633
E 3 - i e - ! e
ROEfine [RFScoarse « RDEfie |RFScoarse  RDEfine RFS coarse
10.4 SEEIN | 8.9 6.6 8.1 5.7
0.4 04 05 0.0 0.2 0.0
13.4 & 174 4 12.2°C 9.6 C 112 ¢ 8.9
0.9 04 0.7 0.2 0.5 0.1
0.0 0.6 4 0.0 1.3 0.0 0.0
2.9 o e | 25 10.1 A 1.7 3.1
0.4 00— 1 06 € 0.0 0.4 0.0
0.0 o5 0.0 0.0 0.0 0.0
0.5 6.9 1.0 4.9 0.5 6.7
0.0 0.0 0.0 0.0 0.0 0.0
-
——
181.7 — 1753 174.8
17.7 A 17.4 A 17.2 A
2.3 11.6 114
10.7 10.2 8.9
9.3 8.7 9.0
0.098 0.098 0.096
0.10 0.10 0.10
i} ] (i}
0.72 l 0.63 0.55
2 ) 2
14.8 C 7.6 11.3 4.4 9.6 4.2
i —— ——
43 44 43
2158 2134 2173
45 / 43 39
5 10 14
1030 1079 1149
1153 497 1149 251 1170 393

Limit Mame (Equipment | Oil} :
Engine Diesel General PTT D3
SAE 40

Dooe o0 o gf

—
|

=

Mew Dil

1483

U-Caution | U-Biction

T
0073 1 =03

| LCauion  -Caudon | gion |

U-Action

- Upper ACTION required Level  L-Action
Agcuracy of interpretation and recommendation are based on

{ first level warning limit )

A or

Lower ACTION required Level

=sample and inft it

suppliad.

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.
Ho Sign or (N): NORMAL | > o 4

ACTION required

First level warning limit in Upper level andior Lower level
Second level waming limit in Upper level andior Lower level
Mo warranty is expressed or imphed for this report

| second level warning fimit }

& Fl., Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd., KM 2, Bangna, Bangkok 10280, Thailand

hitpe/fwww. focuslab.co.th

Tel : (6B2) 381 3600-3 Fax: (BG2) 361 8567
Email : focuslabi@focuslab co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAICRIESLTD. |50 9001: 2000 Certified. Page 1 of 8
Coge™ : 18004 gnitb - QL 9038 Eng
ustomer ; |CE R&D LAB
ame . -
Unit Type : Engine Nat Gas . 2
Address : Facuity of Enginesring . yp g Overall Condition Rating
Chulalongkorm University Unit Make : TOYOTA 5 NORMAL| _ NORMAL|  NORMAL
Bangkok Unit Model : 5L DDF NGV = 7 5] =]
Oil type | g g 'E
. 2
Testcode : 804 904 914 Viscosty - P11 D3 PLUS SAE 40 API CF 37 8l El
Site Name : NGV DDF PROJECT _g ] 51 g )
" ; 3 o
Lube System Capacity : 6 Liters Location : =
Recommendations and Notes ANN1779 .
Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.
AS | Andly Sitton
e
Current i Previous Samgle Alarm Limit Range
Py L b "‘_- 3
Condition History F ﬁd mﬂ &‘\ ‘} M Oil  Cont.  [imit Name (Equipment / Qil) :
M N W N N Engine Diesel General PTT
_ wal N -mw = D3 SAE 40
FocusLab ID E 51!4D0 5?339 \ 67338
Date sampled T ?1 ' 04-Dec-08 i 04-Dec-08 03-Dec-06
Hours on Oil E ! 2047 kms 1317 kms 0 kms
Hours on Unit '2 337159 kms: 336429 kms . 335112 kms
Bottle ID 859249 ] BEG247 847639
— - - S B as L e s 3
Wear Condition y
Wear Element Unit : U-Cation |W U-Caution |m1
Iron PRI B0 26" ¢ 51 4 2.1 2.1 1 =38 33 »53
Chromium PPM A Dy R 02 . . 0.1 0.0 0 >1.7 1.6 *2.4
Lead PPM 6.5 48 ¢ 5.2 1.0 348 a =13 o =15
Copper PRM 02 01 H 0z 1 0.0 0.0 0 =25 20 =34
Tin FPM oA 0.0+ .8 0.0 0.4 0.0 a =58 5.6 =117
Aluminum PEM 14 oo - 1.0 oz 00 a > >g
Nickel PRM 0.4 [V 0.3 02 0.0 Q ] =11 4.1
Silver PPM 0.0 o0a i oo 0.0 0.0 a
Molybdenum FPM 0.5 e L | 04 0.4 14 77
Tetanium PREM 0.0 0.0 0.0 A I 0.0 0.0 1}

. e t y g - ™ L =] 2 =
Qil Condition ] > e " L
‘Viscosity @& 40 °C D445 LIS L 2 s - 16006 | 1529 1463 <1243 .
Viscosity @ 100°C - 158 157 156 149 =127
Oixiclation 101 94 g 50
Nitration 8.0 85 78 40
TAMN
TBN i 9.2 5.1 a1 a7 & .
Contamination el e I_EWW_
Water FTIR 6 (W) 0.080 0.080 0.093 0073 0.3
Fuel saw [ % (Wt 0.10 | 0.10 X 0.10 0.00 3 >5
Glycol FTIR Als ] i} i} = 0
Soot =1 WL 38 l 0.25 003 0.00 2.1 5.1
Sodium D525 2P 2 2 1 o
Silicon | pesos | pem | 114 40 | 12.4 3.1 9.0 3.1 g 13 21 15 =21
Additive Element . O V=N e :
Boron EEM 47 53 63 113
Magnesium FFM 2057 2477 | 2120 3012
Calcium FRM \ 3 31 28 74
Barium FEM £ | 16 12 )

Phosphorus PAM 1071 1211 1168 963
Zinc PPM | 1226 177 1231 B641 1249 704 1254
Additional Test .

Flash Point °C

“iscosity Index

Other

No Sign or | iz NORMAL | Coor a' @ CAUTION ({ first level warning Fmit ) A or

L-Action . Upper ACTION required Level  L-Action Lcwer ACTION requlte-d Lewel
Accuracy of interpretation and recommendation are based on representatives sample and information supplied

Mote: Alarm Limits are variable and dependent upon dataset size and to be uzed as general guideline.

ACTION required | second level warning limit )
First level warning limit in Upper ievel andfor Lower |eve|
Second level warning imit in Upper level andior Lower level
Mo warranty is expressed or implied for this report

8 FL., Thosapel Land 4 Bldg., 847/38 Bangna-Trad Rd., ¥M.2, Bangna, Bangkok 10250, Thailand
it fweaner.focuslab.coth

Ted: {BE2) 381 8600-2 Fax: (062} 381 B5G7
Email : focusiab@focuslab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LAB! CRIES LTD. Page i of 4
Gustomer . 18004 g8 : 0L 9038 Eng
Lstomer
fiustomer . [CE R&D LAB . e
Address : Faculty of Engineering Un!t Type : Engine Nat G5 Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = =
Bangkok Unit Modek 5L DDF NGV - i =
Qitpe! . PTT D3 PLUS SAE 40 API CF 5 £ =
Testcode : 804 904 014 Viscosity ' o 3 E
Site Name : NGY DDF PROJECT _'c‘;'} 5 15
Lube System Capacity : 6 Liters Location i £

R e ¥ g\r\wim‘

Minor amount of dirt and abrasive wear noted.

Silicon and Aluminum are probably from dirt, and some wear metal levels are also abnormal. The dirt and wear may, or may not, be related to
each ather,

Note viscosity is higher than normal limits.

Recommend short sampling intervals of this sample paint to monitor the abnormal conditions.

AS | Andy Sitton

Curr: e | A Frevfci;séa‘nﬂpié Alarm Limit Range

Condition History ) Ves Cont.  Limit Name (Equipment [ Dil) :
A & | N N N Engine Diesel General PTT D3

. e SAE 40

FocusLab ID o 4 67402 67401

Date sampled g - 07-Dec-06 06-Dec-06 05-Dec-06

Hours on Gl = o 4004 kms 3020 kms 2742 kms

Hours on Unit & 339116 kms 1 338132 kms 337854 kms

Bottle ID | A @soasr W -ifBsers3, | 859251

Wear Condition

Wear Element Method Unit M!’::nm‘sg, muf?;:na @ﬁne RFS coarse
P i 4.8 9.0 .

Iron 1 5.5 7.8 5.9
Chromium L e 0.6 0.0 0.3 0.3
Lead ITIEF 10.35E 5 | 8.6 C 7.6
Copper 0024 0.4 01 0.3 0.1
Tin jd—s 0.0 0.0 0.0 0.0
Aluminum 56—3 23 8.7 C 1.8 3.8
Nickel (14 0.6 C 0.0 0.4 0.0
Silver 0.1 1 0.1 0.0 | 0.0 0.5
Melybdenum 11.5 ;T | 8.2 ' 1.0 6.9
Titanium 175 | 0.0 oo | 0.0 0.0
-
0il Condition
e _—

Viscosity @ 40 °C 168.5 A 1673 C
Viscosity @ 100 °C 16.6 C le.s
Cwidation 10.5 10.4
Nitration 9.5 a3
TAN
TEN ) 9.3 8.4 97 <@
Contamination i

g e — -y -~ - . 2
Water FTIR | % (Wt.) 0.087 0.087 0.081 0.073 i =03
Fuel ST | T 7% 3o 0.10 i 0.10 0.00 3 =5
Glycol FTIR #bs i} 0 0
Soct FIIRT ||| % fWe) 0.59 0.58 0.45 0.00 z =51
Sodium D-6595 | PEM 2 2 3 5
Silicon 25595 ppM | 13.5 € 5.3 15.2. C 83 | 11.9 9.9 i 3 21 1 =21
Addtve EIGMEDL, = mmo mama m m——m - mm s mas - omr maarm e w- o St A3
Boron PR 44 43 46 o
Magnesium 2 2231 ¥ 2204 2102 .l 2012
Calcium poed 39 34 32 24
Barium PEM 9 17 15 0
Phosphorus PP 1110 1222 1153 953
Zinc PPM R 1174 246 1215 358 1181 217 1254 }
Additional Test Uoaution - -Causon | Bikictian
Flash Paint D-3828 oc
Viscosity Index D-2270
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

No Sign or (NJi: NORMAL | Coor @ : CAUTION (frstlevelwaming mit) |, A or .; ACTION required | second fevel warning fimit )

J-Caution Jjpper CAUTION Level L-Caution Lower CAUTION Lavel First level wamning limit in Upper level andlor Lower level
U-Action . Upper ACTICGN required Level  L-Action . Lower ACTION required Level Second level waming limit in Upper level andior Lower level
Accuracy of interpretation and recommendafion are based on representatives sample and information supplsd. Mo warranty is expressed or impled for this report.

8 Fl., Thosapaol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.2, Bangna. Banghkek 10280, Thailand Tel : (B62) 281 8600-2 Fax: (882) 381 85687

hitp:ifwww focuslab.coth Email : focuslabi@focuslab co.th
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[ABORATORIES LTD.

- Oil Analysis for Predictive Maintenance

Page 1 of 4
gustomer . 18004 Hoe :0L 9038 Enc
Code : umber . i)
Gustomer . 1CE RAD LAB it Tybe : Engin Nat G
Address - Faculty of Engingering n- YPe = Engine o Overall Condition Rating
Chulaloengkorn University Unit Make : TOYOTA = NORMAL, NORMAL! _ NORMAL
Bangkok Unit Modet 5L DDF NGV £ = =]

Oiltype! . 5 = =
Testcode : 804 an4 914 Viscosity : FTT D3 PLUS SAE 40 API CF O Sl =

Site Name : NGV DDF PROJECT 3] = 5
Lube System Capacity : 6 Liters Location : 5
Recommendations and Notes ANN\1777 =
All 0il conditions and oil tests appear in normal werking range.
All wear conditions and wear tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
Na oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.

AS [ Andy Sitton
Qurrent S?lle Previous Sam e Alarm Limit Range
Condition History ﬁ ﬁ d’ Wear ﬂk\a@a‘ﬁ#" Oil  Cont.  |imit Name (Equipment / Oil) :
Ne W Wi 4& & A A A& N | EngneDiesel General PTT D3
— am m o  — == SAE 40

FocusLab ID 2 ~ 67536 67535 67534
Date sampled z | | 08-Dec-06 i 08-Dec-06 07-Dec-06
Hours on 0il % & 0 kms 5431 kms 4734 kms
Hours on Unit & 340543 kms | 340543 kms 339846 kms
e 18 g50263 | 830201 859259

Wear Condition

Wear Element Method Unit RD‘ne &M‘ hf.)é ‘& fine RFS coarse

Tron PEM 10 0.6 i 100 8.2 5.7

Chromium ] 0.0 0.0 : 0.8 1.4 0.7 1.3

Lead ppM 0.7 05 3§ 16.1.A 21.1 A 13.2 A 13.2. C

Copper PEM 0.0 00 f 0.6 0o | 0.5 0.0

Tin PPM 0.0 0.8 =% 0.0 &5 0.0 0.4

Aluminum ppM 0.3 T 3=t 125 A 2.7 10.8 A

Nickel Pt 0.3 oo ] 11 E 0.3 10 C 0.1

Silver PRM 0.0 0.0.47.8 0.1 0.1 0.1 0.0

Melybdenum el 0.6 0.0 1 1.8 11.3 1.5 10.2

Ttanium PPN 0.1 0.0 0.2 0.0 0.2 0.0

0il Condition e — ,

Viscosity @ 40 C o5t ,- 149.7 186.8 A 175.4 A

Viscesity @ 100 °C 15.0 183 A 17.7 A

Crxidation 7.8 114 Ligs

Nitration 7.8 10.8 10.4

TAN " )

TEN | 5.2 86 8.8 s e
Contamination — i |
Water FTIR 0.096 \ 0104 C S 0103 C 0.073 0.1 =03
Fuel FTIR. ) 0.00 0.00 0,00 .00 3 =5
Glycol FHE Bbs ! a 1] ]

Soot FIIRA SN % (W) 0.00 0.00 0.00 0.00 2 =5.1
Sodium D-6595 PEM 2 2 2 0

Silirnn B D-6595 | PPMJ 5.3 2.2 = 138 C 9.5 12.4 6.4 3 >21 =21
| Additive Element I e pew O,

Baoren ’ PPN 59 32 i 38 0

Magnesium Perd \ 2075 2219 2098 24

Calcium prM 22 / 35 33 3012

Barium PEM o 1 2 0

Phosphorus PPM 1032 1045 1009 363

Zinc | | pem | 1239 211 1193 473 1106 538 1254

|Additional Test b

Flash Point i oc

Viscosity Index

Cther

Mote: Alarm Limits are variable and depen_dent upon dataset size and to be used as general guideline.

NoSign or (pJ): NORMAL | C oer TICH | first level warning Bmit ) ACTION raguired | s=cond level waming it )

Lower CAUTION Level
Lower ACTION requ
sample and inft

U-Caution Iy CALr { Lewel L-Cautie
U-Action . Upper ACTION required Level  L-Action
Accuracy of interpretafion and recommendation are based on representati

First lzvel waming limit in Upper lzvel andlor Lowsr level
Second level waming limit in Upper lzvel and!or Lower level
Mo waranty is expressed or impled for this report.

8 Fl., Thosapol Land 4 Bidg.. 847/30 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand
hitp:fwww. focuslab.co.th

Tel : {682) 361 8800-2 Fax: (562) 301 8567
Email : focuslab@focusiab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Gustomer . 18004 {2l - 0L 9038 Eng
ﬁgﬁigmel : ICER&D LAB Unit T : Engine Nat Gas : 3
Address - Facuity of Engineering 3 Ype : g Overall Condiu_on Hﬂhﬂg
Chulalongkorn University Unit Make : TOYQTA = NORMAL| NORMAL _ NORMAL
Bangkok Unit Modet 5L DDF NGV = 57 &)
Qiltype! . 5 2 =
Testcode : 804 904 914 Viscosity  : PTT D3 PLUS SAE 40 API CF S S =
Site Name: NGV DDF PROJECT ED = §=
Lube System Capacity : 6 Liters Location =

Recommendations and Notes a7/ S =

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

A5 { findy Sitton
[ Zurrs rrent Sak;; \ Pre\rrous Sampi[ Alarm Limit Range
Condition History : ﬂ u&x\ @E\xﬁh il Cont. [ imit Name {Equipment / Oil) :
N N AN G0 D Ny | OON N N Engine Diesel General PTT D3
— P . - SAE 40
FocusLab ID E 67626 67625 B 67624
Date sampled 5 ‘;:f | 09-Dac-06 [ 09-Dec-06 | 08-Dec-06
Hours on Oil § & 2111 kms 1403 kms 702 kms
Hours on Unit o 342554 kms 341946 kms . 341245 kms
Bottle ID 859269 ! 850267 \ 859265
E A - £y ) P s &3 s - -

Wear Condition

Wear Element  Method Unit Rnﬁ:e W ﬁﬁﬁ% ;kﬁne RFS coarse

Iron PPM | . 0.7
Chromium PeM ﬂ-.4 E.? | Du3 G.4 D.2 0.2
Lead PPM 6.3 w0 ¢! 41 7.6 2.9 5.3
Copper pPM 0.1 01§ 01 0.0 | 0.1 0.0
Tin PEM 0.0 SIS | 05 21 0.4 1.7
Aluminum PPM 1.3 T 1.0 5.5 0.8 0.0
Nickel pEM 0.1 0o 1 0.2 0.0 0.2 0.0
Silver PEM 0.0 {10 gty | 0.0 0.1 0.0 0.1
Molybdenum PPM 0.3 103 0.0 9.2 0.4 10.1 7
Titanium P | 0.0 0.0 | 0.0 0.0 0.0 0.0
L = o - ¥
0il Condition o
Viscosity @ 40 C oot £ 180 i 1581 154.3
Viscosity @ 100 °C 15.8 155 15.2 4 7
Cwidation FTIR 9.8 9.6 I 5.9 50 1 =18
Mitration FTIR a1 ﬂ 8.7 8.3 40 =14
TAN D974 .
TEN D-4738 9.3 8.7 11.9 a7 = 4 ) :
Contamination e v
Water 0.072 0.068 4, 0.068 0.073 1 =03
Fuel 0.10 0.10 1 0.10 0.00 i a7
Glycol i} fi] 0
Soat 0.28 0.23 0.09 0.00 2 =5.1
l
Sodium 2 z 2 0
Silicnn 8.0 49 | 60 43 | 48 1.8 8 p-ii s 221
Additive Element . . Hew Ol
Baron T 55505, [ oomm 2 44 I @ 0
Magnesium s | /e Y 2166 2088 2018 !
Calcium RFM 28 / 27 25 e
Barium ] 5 i} i] i
Phosphorus PPM 1165 1030 1041 963
Zinc PM 1208 781 1222 602 1159 305 (EL T — o
Additional Test New Ol [ hction | Lauion - U-Causon | oAcion |
Flash Point ac
Viscosity Index
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign o (Nl : MORMAL Cor @ : CAUTION (frstlevelwamingimit) , A or .: ACTION required  { second level waming imit )
autior Ipper CAUTION Level L-Cautio Lower CAL N Lewvs| First level waming limd in Upper level andior Lowsr level
U-Actian - Upper ACTION required Level  L-Action © Lower ACTION requlrecl Level Segond level waming fmitin Upper lzvel andlor Lower level
Accuracy of interp ion and reco: ion are based on i sample and infi tian supplied. Mo wamranty is expressed or imphed for this repart.
8 FL, Thosapol Land 4 Bidg . 847/30 Bangna-Trad Rd.. KM 2, Bangna, Bangkok 10260, Thailand Tel : (B62) 361 8600-3 Fax : (662) 361 8567

hitp:ifwww. focusiab.co.th Email : focuslabi@focusiab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Eose™ : 18004 N :0L 9038 Eng
fiustomer . [CE R&D LAB Uit Tvbe - Encine Nat G _
Address - Faculty of Enginsering n_ ) | ol e s Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = %
Brghok Unit Modek 5L DDF NGV £ 5 g
Oiltype | . 2 s =
Testcode : B804 904 014 Vel : PTT D3 PLUS SAE 40 API CF 3 & £
Site Na me : NGV DDF PROJECT g 5 E

Lube System Capacity : 6  Liters
Recommendations and Notes N \\“1777

Minor amount of dirt and abrasive wear noted.
Note viscosity is higher than normal limits.
Continue routine sampling interval.

AS | Andy Sitton
— —
— i = —
Current Sampls F Previous Sampie Alarm Limit Range
Condition History ¥ I M ‘ﬁ\ ﬁmﬂkq m Cont.  Limit Name (Equipment / Oil) :
'S Q a e A N ‘N .’N N Engine Diesel General PTT D3
= - ¥ - W ¥ A alE W SAE 40
FocusLab ID 2 67646 67645 1 67644
Date sampled i E | 11-D=c-06 ' 10-Dec-06 ‘ 10-Dec-06
Hours on Oil ﬁ & 4297 kms 3567 kms 2846 kms
Hours on Unit R 344340 kms 344110 kms ‘ 343389 kms
Bottle ID 859275 b 859273 _ 859271
- E Gk 4T Trew =
Wear Condition r New e
WesrElement ethod unt R0Sfne ﬁm‘* mm& ot WS T oo
Iron -5595 § 11.3 1 =38 33 »53
Chromium 11.8 ¥ D 6 D.Q 0.4 1.0 ] 217 g 324
Lead 116 € ! LU 159 A 7.5 154 A 0 =13 =15
Copper 0.4 ¥ 0:3 a3 | 0.2 0.3 0 =25 2 =54
Tin LS 1 06 24 0.5 2.3 0 =5.8 o =117
Aluminum 27 1.8 130 A 1.4 12.4 A 0 »8 : =9
Nickel 0.3 X 0.3 0.0 0.0 0.0 0 >1.1 2,6 =41
Silver 0.0 0.0 0.0 0.0 0.0 0
Malybdenum 0.2 ! 0.5 8.6 H 0.1 8.9 i
Trtanium qp‘ ‘ 0.0 0 - i :
: 7o i ~ i son [ i
il C_OI'IdIt_IOIl = Mew il im_:L-C:umm U-Caution | m
Viscosity @ 40 T T704K e e 13167
Viscosity @ 100 °C 173 A 17.0 C 16.5 C
Oxidation 10.8 10.3 10.0
Nitration 10.3 H 9.8 9.4
TAN .
TBN 13.3 | 107 11.5 97 4
Contamination it )
Water FTIR || % (W) 0.077 0.072 1 0.07L 0.073 1 =03
Fuel FTIR § % (W) 0.10 ' oo . 0.10 0.00 =5
Glycol Rl | b o ] [l
Soot AR [ asTwe) 046 l 0.39 0.33 0.00 =51
Sodium 2 2L 2 2 2 0
Silicon C-6595 PPM 13.6 C 9.9 i0.5 8.2 8.7 i 8.6 =} 1 Sz 18 =21
Additive Element o =Y Hew il
Boron PR 36 35 35 G
Magnesium BFM \ 2240 054 ' 2026 i3
Calcium PPM 34 31 30 3012
Barium PR 0 | 0 o 0
Fhosphorus PPM 1016 a50 946 %63
Zinc PEM 1274 628 1203 688 1218 792 1254 3 p
Additional Test ) NewGil [ hosen | L-Cauion U-Cauton | Lidgisn |
Flash Point oC
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upcn dataset size and to be used as general guidefine.
Mo Sign or |\ : NORMAL | C or c - CAUTION | first level warning Bmit ) | A or -: ACTION rzguired  { second level waming fEmit
-Caution Upper CAUTION Level L-Cautior Lower CAUTION Level First level waming limdt in Upper level andior Lower level
U-Action . Upper ACTION requlred Lewel L-Action o Lower ACTION required Level Second kevel waming limit in Upper level andior Lower level
Accuracy of ir\te‘rptet.aﬂm'l and recommendation are based on representatives sample and informaton supplisd. Mo warranty is expressed or implied for this report.
8 Fl, Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10280, Thailand Tel : (B62) 361 B600-3 Fax: (662) 351 8567

hittp:hwoww. focuslab.co.th Email : focuslab@focuslab. co.th
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LubeCheck ™ -

Oil Analysis for Predictive Main

[ABORATORIES LTD. Page 1 of 4

Unit ID

: 18004 Number

Cuslomer
Code

: 0L 9038 Eng

ustomer
: ICE R&D LAB . .
ﬁame Unit Type : Engine Nat Gas

Address - Faculty of Engineering ' Overall Condition Rating
Chufalongkorn University Unit Make : TOYOTA = NORMAL = NORMAL
Banghok Unit Model 5L DDF NGV = 5 27
Oitypel . pTT D3 PLUS SAE 40 API CF 5 = £7
Test code 804 904 914 Viscosity o 3 &
Site Name: NGV DDF PROJECT 3 = 5]
Lube System Capacity : 6  Liters Location : = i
Recommendations and Notes ANN1779 =
Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
Continue routine sampling interval.
AS | Ardy Sitton
—
—— -
Current Sam r Alarm Limit Range
Condition History @ &,\ R oil Cont. | imit Name {Equipment | Oil) :
N B (w { 40 ,;Nw N' N N Engine Diesel General PTT D3
— e Ema S S SAE 40
FocusLab ID E 67649 67648 1 67647
Date sampled il = ' 13-Dec-06 ' 12-Dec-06 11-Dec-06
Hours on Oil = I 2125 kms 1410 kms Okms
Hours on Unit kS 346965 kms 346250 kms ‘ 344840 kms
Bottle ID ] 859819 " 8592?9 8592??'
‘Wear Condition New -
Wear Element  Method unit Rn#e E&;Mu( ﬁném &Eﬁm RFScoarse O UGain |
Tron PRM i 1.5 1
Chromium M 0.5 G.D ¥ 0.3 G.U 0.2 0.5 0
Lead pEM 6.5 10284 4.8 9.5 C 1.3 2.4 0 3 ]
Copper PPM 0.2 B § 0.1 o1 | 0.0 0.1 a >25 234
Tin PPM 1.8 0.0 4 0.9 0.0 0.1 1.7 0 =58 1.7
Aluminum PO 1.8 BT ! 1.2 0.4 0.5 0.0 1} =6 =%
Nickel PPM 06 C pr—t 0.6 0.0 0.0 0.0 i »1.1 7 4.1
Silwer PPM 0.0 0.0 0.0 0.0 0.0 0.0 0
Melybdenum PPM 0.1 8.7 0.6 7.2 0.6 3.0 77
Titanium LN 0.2 0.0 0.2 0.0 “ 00 £ 00
il Condition
=R L — - . S
Viscosity @ 40 °C D-445 =" 168.8 A to1%6.9 1475
Viscosity @ 100 °C D445 £t 15.9 15.5 149
Oxidation FTIR Abs 9.8 9.7 8.4
Nitration FTIR Abs 9.1 ﬂ 8.7 7.9
TAN 7 5
TEN 738 11.7 11.5 9.0 97 <2
Contamination b |
Water 0.064 0.064 L. 0.082 I =03
Fuel 0.10 Y o0 00 5
Glycol i} 0 ! o
Soot 0.22 l 0.07 0.00 0.00 ] =5.1
Sodium 2 z 1 il
Silican 10.4 67 | 87 45 | 60 8.5 8 4 421 521
Additive Element e
Boron el 55 61 | 51 0
Magnesium BEM 1963 2052 2065 ang2
Calcium RPM 26 / 25 25 4
Barium PRV 13 15 () 0
Phosphorus PPM 1215 1219 1053 963
Zinc PPM 1183 580 1163 803 1267 555 1254
Additional Test Mew O |
Flash Paint 2E
Viscosity Index
Other

Ne Sign or [Nz NORMAL |

U-Action

C or

Upper ACTION required Level

i L-Action
Agcuracy of interpretation and recommendation are based on

{ first level warning fimit )

Mote: Alarm Limits are variable and deuendent upon dataset size and to be used as general guideline.
2 ACTION required

A or

Lower 10N vel
Lower ACTION required Level

=ample and inft it

First level warning limit in Upper level andior Lower level
Second level waming limit in Upper level andlor Lower level
Mo warranty is sxpressed or impbed for this report

| second level warning fimit }

& Fl., Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd., KM 2, Bangna. Bangkok 10280, Thailand

hitoefwasew. focuslab.codh

Tel : (882) 361 2600-2

Fax : (862) 351 85687

Email : focuslab@focuslab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance
LABORATCRIES LTD. Page 1 of 4

Custamer ; 18004 Hia,  :OL 9038 Eng
Kame" : ICE R&D LAB Unit Type : Engine Nat Gas =
Address . Faculty of Enginesring i ype : g Overall Condition Rahng
Chulalongkorn University Unit Make : TOYOTA = NORMAL =
Bangkok Unit Model: 5L DDF NGV =5 5 =
0il type | . 5 2 =
Testcode : 804 904 014 Viscosity @ PTT D3 PLUS SAE 40 AP CF S| 3 B
Site Mame: NGV DDF PROJECT o 5 E )
Lube System Capacity : 6 Liters Location : =

Recommendations and Notes ~AAN\1779 =

Components of dirt (silicon and/or aluminum) slightly above normal, however, no abrasive wear noted.
Mote viscosity is higher than normal limits.
Continue routine sampling interval.

AS [ Andy Siltan

Previous Sample Alarm Limit Range

Qirrent Sample. 1 L
Condition History - ﬁ ‘M m & ‘&:‘Eﬁhmﬂﬂ Cont.  |imit Name (Equipment [ Qi) :

N & a N A AN £ & Engine Diesel General PTT D3
FocusLab ID 3 67854 57853 | 67852 S
Date sampled % El 14-Dec-06 ' 14-Dec-08 | 13-Dec-06
Hours on Oil = & 4030 kms 3560 kms 2844 kms
Hours on Unit & 348920 kms 348400 kms | 347684 kms
Bottle ID 350325 1 850823 ] 859821
- A E ABS  ssnmm = W _— -

Wear Condition

e v e
Wear Element Method  Unit O3 Udaion | Uketn | U-Cou
Iron D-6595 PEM 1 =38
Chromium D-6595 PPM 0 1 =17 g
Lead PPN 0 =13
Copper PPM 0 »25 2
Tin ] 0 =55 5.8 =147
Aluminum PEM [ E ¢ =3
Mickel ] 0 s1 =41
Silver PPM 0
Molybdenum PPM 7
Titanium PEM i
=
il Condition o 4
Viscosity @ 40 T D445 178.8 A ] 1881 T | 1648 C
Viscasity @ 100 € D-245 17.9 & 17.5 & I 16.50
Oxidation FTIR 10.6 10.4 10.1
Nitration FTIR 10.2 “ 5.9 9.5
TAN D-574
TBN D-4739 9.2 || 9.8 9.4
Contamination
Water FTIR % (Wt.) 0.070 0.069 " 0.067
Fusl FTIR. o ff % (Wt.) 0.10 1 0.10 1 0.10
Glycol FTIR ' o i} | fi]
Soot FTIR, || % (W) 049 | 0.44 D31
Sodium D-6535 PR Z 2 2
Silicon D-6535 PEM 13.5 C 8.9 " 11.8 5.3 | — 11.0 6.3
Additive Element ___ Hew Gl
B §5e595 | pom ] 42 I + o
Magnasium D-659% | (PEM | D19y 2114 2194 )
Calcium ‘ Cr-6595 || | BPM 30 ] 29 29 3012
Barium ] i} o Y] 0
Phosphorus =] 1030 1008 1017 963
Zinc PRM 1196 483 1183 383 1154 577 1254 # 4
Additional Test ~ Mew il :[;m; Laution  U-Caugion | Udstion
Flash Point selaFlzh | o
Wiscosity Index C-2270
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
No Sign ar | ]z NORMAL | C or "c : CAUTION (first level warning Bmit ) | A or .: ACTION required | second level waming limit )

Cautior Upper CA el L-Cautior Lower CA N Level First level waming bmit in Upper level andior Lower level
U-Action . Upper ACTION required Level L-Bction : Lower ACTION required Lewel Second level warning Fmit in Upper lzvel and/or Lower leval
Accuracy of inte‘rpretatinn and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or implied for this report.

8 A, Thosapol Land 4 Bidg.. 947/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Tha@and Tel: {8682) 361 BBO0-2 Fax : (G62) 361 8567

it/ focusslab.co th Email : focuslab@focuslab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABGQRATORIES LTD. Page 1 of 4
Coae™ : 18004 i :0L 9038 Eng
ggrsnigmer - ICER&D LAB Unit Type : Engine Nat Gas ¢
Address : Faculty of Engineering % ype : =ng Overall Condition Rating
Chulalongkorn Uniwersity Unit Make : TOYOTA 5 NORMAL! NORMAL _ NORMAL
Bangkok Unit Model: 5L DDF NGV =] S =h
0il type | . 5 2 -
Testcode : 804 904 014 Viscosity - PTT D3 PLUS SAE 40 APT CF S 3 §l
Site Name: NGV DDF PROJECT 3 h = 5
Lube System Capacity : 6 Liters Location : B

Recommendations and Notes - \‘\_< ‘l ',77‘

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

A5 f Aty Sitean
=
urre rrent Sa?lp Pre\.nous Samp]e Alarm Limit Range
Condition History ﬂd '&\ m h 0l Cont.  [jmit Name {Equipment / Qil) :
N NG A N NN N | IN N N Engine Diesel General PTT D3
=5 — e e Emras s e mwm SAE 40
FocusLab ID 2 67874 67873 1 67372
Date sampled % El 16-Dec-06 [ 15-Dec-06 14-Dec-06
Hours on Oil § & 2137 kms 1437 kms Okms
Hours on Unit = 351057 kms 350357 kms . 348920 kms
Bottle ID 859831 1 _ 839829 _ 859827
E v alx
Wear Condition New
Wear Element Unit "D‘:‘E Re -'}N"* mi%& M ﬁ’"’ RFS coarse g :
Tron PERM 2.0 1 238 3 =53
Chremium PPM D.G EL3 : 0.4 0.2 . 0,4 0.0 g | >1 > =24
Lead PPM .4 el | 3.7 6.1 0.5 5.5 0 8 >13 >15
Copper PEM 0.2 L1 g | 0.1 0.1 | 0.0 0.1 0 5 >25 20 >34
Tin PEM 1 44 0.6 2.5 1.4 0.0 i =58 > =117
Aluminum PEM 2.1 8.6-Cn 1.6 0.4 0.s 0.0 0 »8 : =9
Mickel PRt 0.1 0.8~ 1 0.0 0.0 0.4 0.0 0 >1.1 2 =41
Silver PPN 0.0 10 gy 0.0 0.0 0.0 0.0 [}
Molybdenum PP 0.2 08 | 0.4 2.6 0.5 7.7 T
Titanium PR 0.0 0.1 | 0.0 0.0 N Do o 00 0
10il Condition o
Viscosity @ 40 T D445 152.9 T 1578 T 1507
Viscosity @ 100 C D445 15.8 15.6 I 14.8
Oxidation FTIR 9.5 9.0 8.3
Nitration FTIR 9.2 H 8.8 7.9
TAN C-574
TEN D-4733 8.4 8.4 0.1 a7 = ' S
Contamination e |
Water FIIR | % (Wt) 0.066 0.068 o=, 0.077 0073 01 =03
Fuel FTIR ff =0 (W) 0.10 0.10 1 0.10 0.00 =5
Glycol BTN i} 0 | (]
Soot FITR, .19 0.19 0.00 0.00 E =51
Sodium D-6535° PPM 1 1 1 [
Silicon D-6595 PEM 10.5 2.9 —rt 27 73 4.2 3 P> =24 i =21
Additive Element . JEsst
Boron T oes [ rom 49 ag i 74 ]
Magnesium 535 | FPEH \ 2181 2036 1938 24
Calcium RPH 30 [] 27 23 3012
Barium PRt [i] 0 13 0
Phosphorus D-6535 PPM 1045 1065 1241 963
Zinc [-6595 PEM 1256 310 1186 631 1224 734 254 - 3
Additional Test ) Hew Oil [ hion | LCauion  U-Cauton | Ukction |
Flash Point Hanl og |
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upun datazet size and to be used as general guideline.
No Sign ar |\ : NORMAL | C or a Tion { first level warning fimit } | A or .: ACTION required | second lewel waming limit )
U-Caution Upper CAUT ~Cautiol Lower CAU evel First level waming Emit in Upper lzvel andfor Lower level
U-Action . Upper ACTION requlreﬁ Lewel L-Actlun : Lower ACTION required Level Sezcond level warning lEmit in Upper level andfor Lower level
Accuracy of inte‘rpretatlun and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or implied for this report.
8 Fl.. Thosapal Land 4 Bldg. . 947/38 Bangna-Trad Rd.. KM.2. Bangna, Sangkok 10280, Thadand Tel: (882) 361 8600-3 Fax: (562) 361 8567

hittp:ffwww focusiab.co.th Email : focusiabi@focusiab coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Customer ; 18004 mnk:  :0L9038 Eng
fjustomer . 7CE R&D LAB Unit Tvoe + Encine Nat G N
Address . Faculty of Enginesring “! YRE e Nl b Overall Condition Rating
Chulalongkorn University Unit Make : TOYOTA = NORMAL =
Bangko Unit Modet: 5L DDF NGV =7 5 2
il type | . 5 2 =
Testcode : B804 04 a14 Viscosity : PTT D3 PLUS SAE 40 API CF o k3 E!
Site Name: NGV DDF PROJECT S 5 E )
Lube System Capacity : 6 Liters Location : =

Recommendations and Notes ~AAN\1779 =

Components of dirt (silicon and/or aluminum) slightly above normal, however, no abrasive wear noted.
Mote viscosity is higher than normal limits.
Continue routine sampling interval.

AS § Andy Sittan
-
Current Sa?i Previous Sample Alarm Limit Range

Condition History ﬂ &\ %ﬂ%‘;‘%h" ol Cont. | imit Name (Equipment | Qil) :

N a /AN A AN ™N N Engine Diesel General PTT D3

~ A W Pl AR N SAE 40
FocusLab ID 3 67994 67993 3| 67992
Date sampled ] El 18-Dec-06 ] 17-Dec-06 | 16-Dec-06
Hours on Oil = & 4566 kms 4000 kms 2866 kms
Hours on Unit & 353586 kms 352920 kms . 351786 kms
Bottle ID 350837 1 550835 850833

- o E 3 S\ FFFST -y _—

Wear Condition

New
Wear Element Method Unit Im‘u: Es.w @M& &ﬁne RFS coarse ™
Tron -5595 PEM 5.5 1 !36 =53
Chromium PeF D.S D.4 : D.S D.S 0.6 0.7 1] 217 € E
Lead PEM 23 € 1e5es 7.3 10.4 € 6.1 8.9 0 =13 =15
Copper PEM 0.4 L1 | 0.3 .3 | 0.3 0.2 0 =25 2 =34
Tin per 1 28 1.4 < 1.8 5.4 0 =5.8 5.5 =LY
Aluminum PEM 25 11.2 & - 24 112 A 2.1 10.5 A 0 ] : 3
Micke! PEM 0.4 00—+ 0.1 0.0 0.3 0.3 0 511 2 »4.1
Silver PP 0.0 2.0, . ¥ 0.0 0.0 0.0 0.1 0
Molybdenum FRM 0.4 54~ ¢ 0.5 10.3 ' 0.5 11.0 7
Titanium . 0.0 0.0 0.2 0.0 0.6 0
e S S > = s
0il Condition =t
Viscosity @ 40 T | D445 168.4 A i 1s72T T 1623 C
Viscasity @ 100 °C 0445 168 C 165 C | 16.1
Oxidation FTIR 10.6 10.5 9.9
Nitration FTIR 10.7 “ 10.4 9.7
TAN D-974 .
TEN D-4739 o7 1 9.3 8.4 &7 4
Contamination el
Water FTIR | % (Wt) 0.07L 0.071 #=, 0.068 0.073
Fuel FTIR ol % (W) 0.10 0.10 1 0.10 0.00
Glycal ot o 1 ) 0 1 i
Soot IR, | | 9 (We) 0.29 I 0.23 p.19 0.00
Sodium D-6585 | PPM 2 2 1 0
Silican C-E595 PEM 13.2 C 6.1 '__22.2 A 5.7 | — 10.8 5.1 9 P > e | 1F 521
Additive Element New Oil
Beicon §Ceees | rem ] 42 | 44 4
Magnesium D-5595) | AP \ 2075 2032 2053 24
Calcium D-6595 | | BeM 30 [] 28 31 3012
Barium PPR o o 0 0
Phosphorus PPM 1007 971 957 %3
Zinc PEM 1214 448 1163 456 1228 308 1254 # P
Additional Test Hew 0l Wumm U-Cauion | UnAgian |
Flash Point seaflash | og
Viscosity Index D-2270
Cther
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSign or (] : NORMAL Coor B : CAUTION (frstlevelmaming fmit) , A or .; ACTION requires { second level warming limit )

Cautior Upper CAU avel L-Cautior Loawer CAUTION Level First lzvel waming limit in Upper level and'or Lower level
U-Action . Upper ACTION required Level L-Action : Lower ACTI oM requlred Level ZSecond level warning Fmit in Upper level andfor Lower level
Accuracy of inte‘rpretati:ln and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or implied for this report.

8 Fl., Thosapel Land 4 Bidg.. 247/20 Bangna-Trad Rd., KM.3, Bangna, Banghkok 10280, Thaiand Tel: (882) 351 8800-3 Fax: (562) 361 8567

hitto:/fwww. focusiab.co.th Email : focuslab@focuslab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Gusiomer . 18004 mib . 0L 9038 Eng
ﬁgrsnigmer - ICE LAB Unit Type : Engine Nat Gas : 2
Address : Faculty of Engineering i Ype : g Overall Conditmn Hﬂhﬂg
Chulalongkomn University Unit Make : TOYOTA §NORMAL| _NORMAL| _ NORMAL
Bangkok Unit Modek: 5L DDF NGV =7 5 &)
Oil type | . 5 = =
Testcode : 804 004 014 Vmcosty < TFTIFDI PUSSAEAQAPTCE & 3 B!
Site Name: NGV DDF PROJECT &7 = §=
Lube System Capacity : 6 Liters Location o

Recommendations and Notes - \\< ‘ “ ’ ’ 7 7 =

Nate some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and il condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS [ Ay Sitean

L.urrent Sam, E \ Prevrous Samp]g Alarm Limit Range
Condition History : ﬁ &\ @k\‘, h ~oil Cont.  Limit Name (Equipment [ Oil) :
N I‘y f I‘j} { N {r:i- NY N N N Engine Diesel General PTT D3

FocusLab ID 2 67997 67996 1 67995 e
Date sampled i ‘g“ 19-Diec-06 [l 19-Dec-06 ! 18-Dec-06
Hours on Oil = & 1839 kms 1129 kms 0 kms
Hours on Unit & 355425 kms 354715 kms 353586 kms
Bottle ID 359843 1 850841 850839
E. - - e - - e

Wear Condition

Wear Element  Method Unit nnﬁ. M fmé% &Eﬁm RFS coarse
6595 4

Tron pEM | ‘ 0.
Chromium P D.G l}.& ? D,G 0.5 0.2 0.0
Lead PEM 5.1 64 ! 4.8 5.3 0.8 0.3
Copper ] 0.2 i | 0.1 D3 | 0.0 0.0
Tin PEM 12 2% 1.3 0.2 0.2 1.3
Aluminum PPM 1.7 94 A 1.3 3.1 0.6 0.0
Nickel e} 0.1 62 = 04 0.3 0.0 0.6
Silver PoM 0.0 .oy 0.1 0.0 0.0 0.0
Molybdenum PPM 0.7 6.5 ] 1.2 39 | 0.3 0.0 T
Titanium [ 0.0 0.0 0.0 0.0 0.0 0.0 0
3 A= o - i
0il Condition -3
b - — - =

Viscosity @ 40 € 445 = | 159:4 i 1568 154.2
Viscosity @ 100 °C D345 = 15.6 154 15.0 4 7
Oxidation FTIR ABS e 9.7 9.4 I 8.3 50 i =8
Nitration FTIR Abs 9.0 y 8.5 7.3 40 =14
TAN D-974 J .
TBN D-4739 8.7 8.9 9.0 a7 < } ) =
Contamination e o '“’?‘
Water 0.062 0.065 B, 0.076 0.073 I iy
Fuel 0.20 0.20 1 0.10 0.00 3 5
Glycal 1] o (1]
Soot 0.22 l 0.17 0.00 0.0 2 =5.1
Sodium 2 2 1 0
Silicnn 7.9 4.6 N 6.5 4.1 - 6.5 0.3 5 ) 3 =21 1 =21
Additive Element. il
Boron 48 52 i 58 1
Magnesium 2168 2197 1985 2
Calcium 28 ] 30 24 2012
Barium 1} ] 1] 0
Phosphorus 1101 1112 1063 963
Zinc 1226 638 1179 GEL] 1183 184 1254 iy
|Additional Test Hew Ol [ Ehston | Lauion - U-Cauton | UoAcion |
Flash Point ek EER|
Viscosity Index
Cther

Mote: Alarm Limits are variable and daperrdent upon dataset size and to be used as general guideline.

No Sign or [} : MORMAL , Cor E-' CAUTION ( first level warning Fmit ) | A or .: ACTION required  { second level waming limit }

U-Cautiol T vwier CAUTION Lewve| First level waming limit in Upper level andior Lower level

U-Action 5 Upper ACTIDN e red Lewvel L-N:tinn 3 Lowpr ACTION requlred Level Second level warning limit in Upper level andior Lower leval

Accuracy of ime‘rpretatu::n and recommendation are based on representatves sample and information supplisd. Mo warranty is expressed or implied for this repart.
B Fi., Thosapol Land 4 Bldg_. 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand Tel : (BE2) 361 8BB00-3 Fax:(B62) 381 8587

it focusiab.co th Email : focuslab@focusiab.co.th
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- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Customer . 18004 bl  :OL 9038 Eng
fustomer . 1CE R&D LAB Unit Type = Endine Nat G _
Address . Facuity of Enginesring “! YRE = LI Rl e Overall Condition mQ
Chulalongkorn University Unit Make : TOYOTA = NORMAL NORMAL| - NORMAL
Bangkok Unit Model: 5L DDF NGV = 5] 27
Oityes g 5 £
Testcode : B804 904 914 viscosity = PTT D3 PLUS SAE 40 APL CF Of S §
Site Name: NGV DDF PROJECT 27 = 8]
Lube System Capacity : 6  Liters Location : =

Recommendations and Notes

B\ /P

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

AS | Andy Sitton

- — — — — =
Cufrent SamEe F Previous Sample Alarm Limit Range

Condition History I M lﬁ\%ﬂkrm oil Cont.  |jmit Name (Equipment [ Oil) :

N N !’pp | 40 Qq‘\ N» N N N Engine Diesel General PTT D3

25 — o a———a - ——— s ——— SAE 40
FocusLab 1D 2 68194 63193 1 68192
Date sampled k4 E | 21-Dec-06 ' 20-Dec-06 20-Dec-06
Hours on 0l ﬁ & 3708 kms 3083 kms 2415 kms
Hours on Unit R 357284 kms 356660 kms ‘ 356001 kms
Bottle ID 859849 b 850847 859845
F - ok 4 = & .

Wear Condition - Weor il
Wear Element  Mcthod Unit RDEfine RFSecoarse  RDEfine |RFScoarse RDEfine RFScoarse O Caion |
Iron 4.3 9.4 : 3.1 3.7 4.0 3.6 1 =38 =53
Chromium 0.3% '} 0.0 0 217 324
Lead ! 5.0 0 >13 15
Copper ¥ 0.1 0 =25 =34
Tin 1 0.0 0 =58 >11.7
Aluminum i 0.0 0 & =%
Nickel ' 0.0 0 1 =41
Silver 0.0 0
Malybdenum | 0.5 7
Titanium h 0.0 0 i
_()iI_Cunditiun > Mew il im,: L-Caution u-mnmllfmﬂ
Viscosity @ 40 C 1645°¢C e L 1603 1453 131.67 16 46624
Viscosity @ 100 'C 16.1 15.9 AL 1:1\5 <127 344 i jg
Oxidation 10.9 10.5 10.1 =0 =19
Nitration 10.1 ﬂ °.8 9.3 40 =14
TAN .
TBN 8.3 11.4 8.5 97 <2 4
Contamination Yot ;
Water FTIR || % (W) 0.068 0.068 | 0.085 0.073 =03
Fuel FTIR % (W) 0.10 ] 0.10 " 0.10 0.00 =5
Glycal R | onbs. ] i) n
Soot ATIR || %0 Twe) 0.22 l 0.24 022 0.00 =51
Sodium D-B&55 PEt 2 2 2 0 e
Silicon C-E595 PEM 12.4 6.4 A 11.1 4.1 9.1 3.5 [} ¥ =3 =21
Additive Element . == Hew il |
Boran {osass || e 45 48 | 46 ]
Magnesium D-6595 | gBPM \ 1926 2066 2072 i3
Calcium £PM 29 32 28 3012
Barium PR 0 ! o o 0
Phosphorus PPM 1081 1086 1113 963
Zinc PEM 1191 483 1207 457 1192 698 1254 ) 3 p
Additional Test - M Ol |i.mm3_:l Laution  U-Caution | Likgtian
Flash Point oC
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upcn dataset size and to be used as general guideline.
No Sign ar | ] - NORMAL | C A or

AUTION | first level warning Bmit ) |

Cautior Ipper CAL evel L-Cautior | ower C TIOM Lewel
U-Action Upper ACTION required Level  L-Action Lower ACTION required Level

Acocuracy of ime.rpretati:m and recommendation are based on reprasentatives sample and information supplisd.

ACTION required | second level waming limit )

First kevel waming limit in Upper level and/or Lower level
Second level waming mit in Upper level andfor Lower [evel
Mo warranty is expressed or implied for this report.

8 Fl,, Thosapol Land 4 Bidg.. 947/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thaiand
it ffwww focusiab.co th

Tel : {862) 381 B600-3 Fax : (6682) 3681 8567
Email : focuslab@focuslab.co th
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LubeCheck ™

- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Gusiomer . 18004 Wamper  :OL 9038 Eng
ustomer
Rusiomer ; TCE R&D LAB ; :
Unit T H = Nat Ga .
Address : Faculty of Engineering n! Ype = engine IRat &as Overall Condition Rating
Chulalonakorn University Unit Make : TOYOTA s MORMAL. NORMAL' _ NORMAL
Bargkai Unit Modek 5L DDF NGV = S =
Qie!  : PTT D3 PLUS SAE 40 API CF S E £
Test code B804 a04 014 Viscosity “ = 3 E |
Site Name: NGV DDF PROJECT @] = C:':3
Lube System Capacity : 6 Liters Location : =

Recommendations and Notes

seN1777.

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

AE [ Andy Sitton
— - — — - —
Current Sample Premous Samp]e Alarm Limit Range

Condition History M ‘@ lﬁ— —"k oil Cont.  Limit Name (Equipment | Oil) :

N ")l‘ﬁ | N Y N- N N N Engine Diesel General PTT D3

S A A e W < ¥ .4 A : SAE 40
FocusLab ID z 58384 68383 | 58382
Date sampled ] E 22-Dec-06 [ 21-Dec-06 21-Dec-06
Hours on Ol 2 e 1194 kms 0 kms 4394 kms
Hours on Unit ks 359174 kms 357980 kms ~ 357980 kms
Bottle ID 859783 { 859853 _ 859851
Wear Condition New == ..
Wenr et rthod i R0 s éoshd | ioE ik nrkcone RO e trscaare 0 St b e i
Iron PEM | 4.8 1 24 28 3 =53
Chromium PEM 0.5 0.1 ¥ 0.4 0.0 u.g 0.5 0 f =17 =24
Lead PEM 41 o A1 0.8 14 3.4 C 106 C 0 =13 3 >15
Coppar pEM 0.1 5§ 0.1 0.0 | 0.5 0.2 0 5 =35 z =34
Tin PEM 2.4 24 4 11 0.0 25 27 0 32 58 =117
Aluminum PeM 1.6 E - 0.9 0.0 2.8 9.1 A 0 6 3
Nickel PO 0.8 C or—% 06 0.0 1.2 A 0.0 0 11 =41
Silver PPN 0.0 paMIA 0.0 0.1 0.2 0.0 0
Molybdenum pEM 1.0 s | 0.3 0.0 1.3 8.8 7
Titanium (o |- 03 0.1 0.2 0.0 06 L 01
0il Condition -
Viscosity @ 40 °C 153.4 §149.7 T 1673 C
Viscesity @ 100 °C 15.4 15.0 I 16.6 €
Cxidation 9.6 N 8.4 11.1
Nitration 8.6 8.0 10.6
TAN
TEN 8.8 9.3 10.8 97 <
Contamination o |
Water FIIR | % (W) | 0.074 0.079 L. 0.074 0.073 01 =03
Fuel SAW ) % (WE) 0.10 0.10 0.10 0.00 3 =5
Glycol =41 B f ] 0 i ]
Soot FIIR, || %6 (Wi 011 0.0D 0.28 0.00 =51

| e

Sodium Frnd 2 1 2 0
Silican poM 6.3 28 | &0 27 | 1138 7.1 g g3 o2 1 =21
Additive Element Hew il
Baoron ! 52 59 i 45 s
Magnesium PEM \ 2010 1909 2094 anq2
Calcium BPM 26 [} 23 29 4
Barium ] [i] a (1] [\
Phosphorus pEM 1095 1090 1079 963
Zinc pEM 1200 674 1134 197 1123 585 258
additional Test Mew Oil lhmﬁl L-Caution  U-Caution | |
Flash Point °C
Viscosity Index
Other

NoSign or () : NORMAL |

U-Actlon

= Upper N:TION requlrecl Level
Accuracy of interpretation and recommendation are based on rep

Mote: Alarm Limits are variable and depen_dent upon dataset size and to be used as general guideline.

= or ﬁ_ z

L-Action

{ first leved warning limit ) | & or 1 ACTION reguired  ( second level warning limit §

First level warning limit in Upper level andlor Lower level
Second level waming limit in Upper level andlor Lower level
Mo warranty is expressed or impled for this report

Lower CAUTION Level

Lower ACTION required Level
sample and in supplied.

B Fl., Thosapol Land 4 Bidg.. B47/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand

http:iiwww. focuslab.co th

Tel : (652) 361 8600-3 Fax: (862) 351 8587
Email : focuslabi@focuslab coth
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LubeCheck ™

- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 4
Guslomer . 18004 ikl :0L9038 Eng
Rane : ICE RAD LAB Unit Type : Engine Nat Gas : '
Address - Faculty of Engineering f ype g Overall Condiu_on Hﬂhﬂg
Chulalongkorn University Unit Make : TOYOTA 5 NORMAL| _NORMAL| _ NORMAL
Bangkok Unit Modek: 5L DDF NGV =7 5] =
il type | . s = =
Testcode : 804 004 014 Vmcosty  ©PTT D3 PHUSSAE A0 APTCE o 31 B!
Site Mame: NGV DDF PROJECT ED = §=
Lube System Capacity : 6 Liters Location =

Nate some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.

All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

Recommendations and Notes

K5 [ Ay Sittan
e m =
current sample |~ " previous Sam Alarm Limit Range

Condition History =1 I M ﬁ u&x\ @E\sﬁh ol Cont.  [imit Name {Equipment / 0il) :

N NG AN O Qg' Ny N N N Engine Diesel General PTT D3

. Bl —_— s —————— SAE 40
FocusLab ID j 68473 68477 68476
Date sampled z z | 26-Dec-06 ' 24-Dec-06 ‘ 23-Dec-06
Hours on Oil = & 3222 kms 2444 kms 1826 kms
Hours on Unit & 361202 kms 360424 kms 359806 kms
Bottle ID 850789 f 850787 859735
F - a s P s &3 -
Wear Condition ooy ) New
Wear Element Unit RDEfine RFScoarse « RDEfine | RFScoarse RDEfine RFScoarse O UCaion [0
1ron PPM 4.7 3.0 45 2.0 . 4.0 3.5 1 M 38 353
Chromium PEM 0.4 0.2¢ ¥ 0.3 0.3 0.5 0.0 0 >1.7 =24
Lead PPM 7.8 97 ¢! 5.8 1.0 4.9 57 0 =13 »15
Copper 0.2 01§ 0.2 0.0 | 0.1 0.1 0 525 >34
Tin 0.0 3. 764 16 0.2 22 1.1 [ =5.8 117
Aluminum 1.6 L3 — 1.5 0.0 16 0.0 0 »§ ]
Nickel 0.0 00— 0.0 0.0 0.2 0.0 [y >1.1 4.1
Sitver 0.0 1% ol | 0.0 0.0 0.0 0.1 ]
Molybdenum o1 102 0.0 0.0 0.3 0.3 T
Titanium 0.0 0.0 0.0 0.0 oo £ 0.0 o -
0il Condition - -
Viscasity @ 40 T 1628 C 71592 157.2 <1347 »18 4
Viscosity @ 100 °C 16.0 157 I 15.6 =17.18
Owidation 10.9 10.2 9.8 1 =18
Nitration 10.1 ﬂ 8.5 9.1 =14
TAN A
TBN 8.8 9.2 8.7 a7 < ) )
Contamination el vemion
Water 0.073 0.070 b, 0.071 0.073 1 =03
Fuel 0.10 0.10 0.10 0.00 3 a7
Glycal i} i} 0
Soot 0.17 l 0.20 0.18 0.00 -2 »5.1
Sodium PEM 2 2z 2 i
silican pPM 10.5 59 | 124 27 | 105 45 3 521 221
Additive Element ___ i
Baoron P 43 51 /' 51 L
Magnesium P Y 2102 2136 2062 b
Calcium BFM 30 ] 30 29 012
Barium P 2 1] 1] i
Phosphorus PPM 1086 1128 1113 963
Zinc pPM 1166 464 1253 188 1234 517 1250
|Additional Test Mew Ol [ hetion | Lauion - U-Cauton | oAcion |
Flash Point oC
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or | NJ): NORMAL Coor @ : CAUTION (frstievel wamningmit) , A or .: ACTION raquired (| second level warming limit )
U-Cautio pper CAUTH L-Cautior L ower CAUTION Leve! First level waming fimit im Upper level andior Lower level
U-Action Upper ACTION required Level  L-Action Lower ACTION required Level Second level warning limit in Upper level andior Lower level

Accuracy of ime‘rpretaticn and recommendation are based on representatves sample and information supplisd. Mo warranty is expressed or implied for this repart.

8 Fl., Thosapal Land 4 Bidg . 847/38 Bangna-Trad Rd., ¥M. 3, Bangna, Banghkok 10280, Thailand
it fwww. focusiab.co th

Tel : (B62) 361 BE0D-3 Fax :(582) 381 8567
Email : focuslab@focuslab.co.th



333

917 9-40 wan U IURANNINAABLUNNUNADAUAINLATANIUR lWSINTELL AL 4335
dl %3 % o a 1 o 6V a 1 a
PN TR ATINAUNNTEITHTNA M7 0 DIALNAT

- Oil Analysis for Predictive Maintenance

LABORATORIES LID. Page 1 of 2
guslomer . 18004 mE,  :LN4335Eng
fustomer ; JCE R&D LAB . .
Address - Faculty of Engineering Unft Type = Enging Mok Gas Overall Condition Rating
Chulalongkorn University Unit Make : NISSAN = NORMAL, NORMAL NORW\.L
Bangkok Unit Modet TD 27 DDF NGV 27 g =]
il type | . 5 2 =
Testcode : B03 9i4 Viscosity : FTT D3 PLUS SAE 40 AFI CF ol 3! EI
Site Name: NGV DDF PROJECT ED = 5.
Lube System Capacity : 6 Liters Location 5

Recommendations and Notes AN\1777 =

All 0il conditions and oil tests appear in normal working range.

All wear conditions and wear tests appear in normal working range.

All contaminant conditions and contaminant levels appear in normal ranges.

AO (anti-oxidant) additive, as measured by ASTM D-6971, is considered Satisfactory at this time.

No oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.

A5 | Andy Sitton
_ T e~ — -
Current S?ﬂﬂ 1 Prewcus Sam E . Alarm Limit Range
Condition History ﬂ' ﬁ M z ! ‘\ \ \\ Limit Name (Equipment / 0il) :
N N} rf’ 1 Engine Diesel General PTT D3
2 = == = SAE 40
FocusLab ID E r 66.8?4- T A WA T ™\
Date sampled H ‘-E': ' 20-Mov-06 |
Hours on Oil Eﬁ E 0 kms
Hours on Unit R 226866 kms | .
BotHe 10 . - M SSSCO8 hld L, L0 8

Wear Condition

At & o R ﬁ ‘F o\u\“l' A i T N ':i* U-Caution
Iron PRM ’ . 1 4
Chromium P 1}.6 ¥ 0 1
Lead PEM 1.7 £ i
Copper PPM 0.4 1 | 0
Tin PP i ¥ 0
Aluminum PEM 1.9 H 0
Nickel PPM 4 f 1
Silver PPM 0.0 | 0
Molybdenum PEM 4.9 I 7
Titanium Lol 0.0 1)

:

= L e & . = _ -
0il Condition T%“*m -Cautn | Uihgion |

-
Viscosity @ 40 C 146.3 =

Viscosity @ 100 °C .7 148 «i27 4 =718
Ovidation 7.8 2.0 4 =19
Mitration 7.5 40 =14
TAM - )

TEN 7.7 87 <

Contamination P by |
Water FTIR % (Wt) | 0.063 - | - 0073 | 03
Fuel FTiRe™! 2% (it ) i 000 l 0.00 3 55
Glycol FHIR Phs 1]

Soot FRIFEL | 2h(We) a.01 0.00 ] =61
Sodium PPM 2 IV

Silicnn, 5 | PeM 8 5.5 o L g 3 *21 18 =21
ﬂﬂdlh’\f;ﬂgﬂlﬂtlwn o v o S— sm = F1 E S FI o= o= Fu SE SR el

Boron S3 |“ AP { 54 | "l 0

Magnesium 5 PR 1072 2

Calcium S| WP 279 ! a2

Barium PRM 0 0

Phosphorus PP 1089 %3

Zinc | | PeM | 1207 1254 )
Additional Test ew il [ Ehgtien | LCauion - U-Cauton | UiAion |
Flash Point B o

Vigcosity Index D-2270

Cther

Mote: Alarm Limits are variable and depen_dent upon dataset size and to be used as general guideline.

No Sign or | Nz NORMAL | C or | { first level warning Bmit ) | A ar .: ACTION required | second level waming Emit )

U-Caution Ip y N L-Cautior Lower d Le First level waming limd in Upper level andfor Lower level

U-Action . Upper ACTION required Level  L-Action : Lower ACTION requlred Level Second level waming fimit in Upper lzvel andlor Lower level

Accuracy of interpretafion and recommendation are based on rep ives sample and inft tion supplied. Mo waranty is expressed or imphed for this report.
8 FL, Thosapol Land 4 Bidg . 84730 Bangna-Trad Rd.. KM.2, Bangna, Bangkok 10260, Thailand Tel : {BB2) 361 8600-3 Fax: (662) 361 8567

hite v, focusiab.co.th Email : focuslabi@focusiab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. |50 9001: 2000 Certified Page 1 of 4
Eosemer ; 18004 R, :LN4335Eng
fjustomer . |CE R&D LAB 5 :
= . V o i . r .
e T — Unft Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : NISSAN = NORMAL| NORMAL| _ NORMAL
Banglhok Unit Model : TD 27 DDF NGV £7 5 2]
Oiltype! . 5 g =
Testcode : 804 904 914 Viscosty ¢ P11 D3 PLUS SAE 40 API CF 31 5 El
Site Name : NGV DDF PROJECT 3 = &)
Lube System Capacity : 6 Liters Location : > i

Recommendations and Notes SON177F .

All oil conditions and oil tests appear in normal working rangs.

All wear conditions and wear tests appear in normal working range.

All contaminant conditions and contaminant levels appear in nommal ranges.
Continue routine sampling interval.

AS [ Andy Sithan

- —— __
Current Samge ' __F“re_v s Sample . Alarm Limit Range

Condition History ! l l !fd &\m:sm o Cont. | imit Name (Equipment [ Oil) :

r | |

N N N e ‘:{‘q‘; Ny ‘N N N Engine Diesel General PTT

— e d— e —— =
FocusLab 1D 3 67524 67346 | 67138 e
Date sampled i ‘—é\ | 06-Dec-06 4 01-Dec-08 24-Nov-06
Hours on Oil 2 & 2917 kms 1376 kms 1002 kms
Hours on Unit = 229783 kms 228742 kms . 227868 kms
Bottle ID 859255 | B48213 848214

— - —
‘Wear Condition -
Wear Element Unit Rl}‘\e Es_ma{{«
Iron PPM 7.6 i|
Chromium PPM 0.4 085 "k
Lead PEM 15 234
Copper FPM 1.0 0o ;
Tin PR 0.0 3304
Aluminum 2PM 19 37 &
Nicksl PPM 0.2 06—1
Silver ] 0.0 0.0 ¥
Molybdenum PPM 43 103 !
Trtanium ='F'I\.‘I | P 0.0 0.4
Qil Condition
T

Viscosity @ 40 °C oSt § 1450 - 21 57516093
Viscosity @ 100 °C =i | 148 15.1 147 149 <=12.7° <1344 >164 =17.18
Oixidation BS 8.1 50 14 »19
Mitration l T8 7 40 11 =14
TAN oL T
TBM | 9.1 9.1 97 =2 4.8
Contamination s e
Water I FTIR 0.085 . 0087 0073 31 203
Fuel SAW ] 0.10 H 0.10 0.00 3 =5
Glycol FTIR (1] § o
Saot R I 0.10 7 pos 0.00
Sodium D-BS05 PPN 2 2 2 2
Silicon p-85es | PPM 37 1.7 59 10 40 0.3 9 13 =21 16 21
Additive Element ol y =N sengi
Boron : D-3585 | FEM 42 49 44 | P
Magnesium D-8503 I P 1885 1922 f isas 3012
Calcium ‘ D-85a8 ||| FRM \ a0g 330 254 24
Barium D-as08 | “Prm 1 | 15 il 0
Phosphorus D585 | PRM 1101 1265 1075 963
Zine D-8505 | PRM 1243 302 1281 231 1292 130 1254
Additional Test e i [l LCauion  (-Caution | Agion |
Flash Point D- i
Wiscosity Index D-
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline
No Sign or | ] : NORMAL | C or 4 o CAUTION (| first level warning Bmit }

A or .: ACTION required | second level waming fimit }

U-C Iy ap | L-C D Lower CAUTION Lawel First lzvel waming Fimit in Upper level andior Lower level

L-Bction - Upper ACTION required Level  L-Action Lower ACTION required Level Second level warning Fimit in Upper level andior Lower level

Accuracy of imterpretation and recommendation are bazad on reprasentatives sample and information supplisd Mo warranty is expreszed or implied for this report.
8 Fl., Thesapol Land 4 Bldg., 847738 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand Tel : {862) 361 8800-3 Fax: (G62) 381 85487

http:dhweww focuslab.co.th Email : focuslabi@focuslab.co.th
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- Oil Analysis for Predictive Maintenance

LABORAICRIES LID. Page 1 of 4
Gustomer . 18004 mR,  :LN4335Eng
fustomer . 1CE R&D LAB Unit Tvpe = Endine Nat G _
Address . Facuity of Enginesring “! YRE = LI Nl e Overall Condition mQ
Chulalongkorn University Unit Make : NISSAN = NORMAL NORMAL| - NORMAL
Bangkok Unit Model: TD 27 DDF NGV = 5] 27
Qiltype | . 5 = =
Testcode : B804 904 914 Vielfy @ PTT D3 PLUS SAE 40 API CF 37 5] g
Site Mame : NGV DDF PROJECT 27 =] &1
Lube System Capacity : 6  Liters Location : =

Recommendations and Notes AN1777-
Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.

All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS | Andy Sitton

[ current s;ﬁgg "1 Previous Sample Alarm Limit Range
Condition History I M lﬁ\ﬁmﬂk ﬂm oil Cont.  |imit Name (Equipment / 0il) :

N NN s D D & W N | Engine Diesel General PTT D3
=& 2 -

FocusLab ID 3 68661 “es191 I S -
Date sampled i E | 02-Jan-07 ' 18-Dec-06 ‘ 06-Dec-06

Hours on Oil ﬁ & 2458 kms 903 kms 0 kms

Hours on Unit R 232241 kms 230693 kms ‘ 229783 kms

Bottle ID 859791 b 859281 859256

E F 3 E 2 Gk 4T L =z R e

Wear Condition r - = New L
Wear Element  Mecthod Unit RDEfine RFScoarse . ROE fine |RFScoarse RDEfine RFS O Ui |
Tion 5595 6.9 95 f 1.6 1.4 1.5 3.3 1 =38 3 =53
Chromium a 0.49 "} 0.3 0.7 0.2 1.0 0 217 £ 14
Lead Ty B 8 0.9 24 0.7 59 0 >13 215
Copper L7 5 0.4 04 | 0.1 0.0 i =25 ) =34
Tin 208 14 Pl 0.0 3.5 0 >5.8 =1y
Aluminum IH5—F I 0.0 0.5 6.1C 0 & & =9
Nickel wr—t 0.0 0.0 0.1 0.2 0 >1.1 2,6 =41
Silver 0.0 4 0.0 0.0 0.0 0.1 0
Malybdenum 9:6%} 0.9 3.4 H 0.8 11.1 7
Titanium -.Q-f-"-- h 0.7 0 ’ . ’
0il Condition Mew Oil m LCaution  U-Cauticn | UAction |
Viscosity @ 40 T 1513 g e | 1463 <3167 16624
Viscosity @ 100 € 15.3 14.7 14.9 e <27
Oxidation 8.4 8.5 7.6 a0
Nitration 8.2 H 8.0 7.6 40
TAN .
TBN 12.5 | 9.3 9.2 97 4
Contamination il
Water FTIR | % (W) 0.068 0.077 | 0.095 0.073
Fusl FTIR || % (We.) 0.10 b 0.10 " 0.10 0.00
Glycol Rl | b o 0 [l
Soot AR [ asTwe) 0.07 l 0.00 0.00 0.00
Sodium 2 2L 1 1 2 0
Silicnn D-6595 PPt 3.4 5.2 . 3.8 1.2 5.9 6.8 3 ! a3 1 =21
Additive Element . == Hew il |
Baron {osass || e 45 56 | 60 5
Magnesium D-6595 | gBPM \ 1949 2437 2047 i3
Calcium £PM 51 60 53 31z
Barium PR 0 | o o 0
Phosphorus PPM 1091 1121 1052 %63
Zinc PEM 1153 206 1246 652 1236 340 1254 3 p
Additional Test ] New il [ IeActia | L-Cauion  U-Caon | UiAian |
Flash Point oC
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upcn dataset size and to be used as general guideline.

No Sign ar | ] - NORMAL | C or c : CAUTION | firstlevel warning Bmit ) | A or -: ACTION required | second level waming limit )

Cautior Ipper CALF evel L-Cautior | onwer TIOM Lewvel First kevel waming limit in Upper level and/or Lower level
U-Action Upper ACTION required Level  L-Action : Lower ACTION required Level Second level waming mit in Upper level andfor Lower [evel
Acocuracy of ime.rpretati:m and recommendation are based on reprasentatives sample and information supplisd. Mo warranty is expressed or implied for this report.

9 Fi., Thosapol Land 4 Bidg.. 947/39 Bangna-Trad Rd., KM.3, Bangna, Sangkok 10280, Thaiand Tel : (662) 361 8600-3 Fax : (562) 381 8567

it ffwww focusiab.co th Email : focuslab@focuslab.co th
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beCheck ™ - Oil Analysis for Pred

LAEORATORIES LD, Page 1 of 4
gusmmel 18004 Hm}‘ar LN 4335 Eng
Cusmmel
: ICE R&D LAB :
Unit T 8 Nat G - S -
Address : Faculty of Engingering n! ype ngine 8 Overall Condition Ram-'g
Chulalongkorn University Unit Make : NISSAN — NORMAL| NORMAL | _ NORMAL
Bangkok Unit Model: TD 27 DDF NGV §| =) '%,
e = =
Testcode : 804 904 914 Qhope’! @ PTTD3PLUS SAE 40 API CF 37 8 &
Site Name : NGV DDF PROJECT 7 =] 5
Lube System Capacity : 6 Liters Location : B =

Recommendations and Notes ~ \X\i “”,77‘

Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

A3 1 Andy Sfiton
— T R e o
Current Sam le Previous Samgie Alarm Limit Range
N
Condition Histary ! ﬁ‘ m‘ \ v.k @“ Cont. | imit Name [Equipment / Oil) :
N W N “::q\ N | N N Engine Diesel General PTT
— - sl SR wmw =W D3 SAE 40
FocusLab ID 3 69360 \ £9202
Date sampled g § ' 1B~Jan-l:|? " 18-Jan-07 | 15-dan-07
Hours on Ol v 4 0 kms 3947 kms 3247 kms
Hours on Unit > 233730 kms 233730 kms . 233030 kms
Bottle ID 859794 4 859793 85‘3?92
— - - e
Wear Condition y Hew
Wear Element Unit RD‘I ﬁ"! ﬁm&h& kE fine RFS coarse le
Iron PPM 6.3 29 ¥ =38 33 =53
Chramium PPM EI.4 (].D I’ 1.3 1.4 . 0.9 0.2 a =17 =16 =24
Lead PPM 0.0 o A 1.0 33 0.7 1.4 0 213 . 15
Copper PPM 01 02 11 10 | 0.8 03 i 15 225 320 234
Tin PPM 04 0864 Ry | o1 0.0 01 a 32 S50 .5 *11.7
Aluminum PPM 0.5 L 2.0 41 13 0.0 i} : =6 : »9
Mickel ] {15 e 04 0.0 0o 0.3 a i =1.1 »4.1
Silver PPM 0.0 L3 S 0.a [1A1] 0.0 02 [i]
Molybdenum PPM 01 (2 g | 05 82 04 0.0 77
Titanium PRN 0.1 03 § 01 0.0 0.4
. LN O 9.3 ! ¥ —

Qil Condition -7 |
Viscosity @ 40 °C 471 1455 oo 1463 <124 35
Viscosity @ 100°C 15.0 155 15.2 149 <127
Oxidation 53 “ 63 I 6.6 5.0 t
Mitration T 81 76 40 11 =14
TAN
TEN 9.1 8.8 118 9.7 =2 1.8
‘Contamination ' e o [
Water 0.112.C | 0.086 4. 0.061 0.073 01 =03
Fuel 0.10 b 0.10 1 080 0.00 3 =5
Glyecol he 0 ] 1 il
Soot FR | | 3 7wWe) 0.00 0.30 012 0.00 21 =51

I
Sodium p-mes | e 1 2 1 i
Silicon 0 PPM 5.7 10.4 - 33 36 L 31 268 g 13 =31 15 21
Additive Element Hewil
Boron PRM 5 41 i v T
Magnesium PEM ‘ 1950 0y 2076 24
Calcium £PM z [l 51 48 3012
Barium PP 0 1] o 0
Phosphorus FPM 954 955 959 963
Zine ) PPM 1216 196 1218 772 1251 199 1254 g _ e
Additional Test New il [TEARRT Loauion -cauion [ ieien |
Flash Paoint °C
Wizcosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or (N}: NORMAL , C oer ﬁ . CAUTICN (firetlevel waming imit) | A or .; ACTION required  ( =2cond level warning fmit )
e
J-Caution Ipper Cf ), L-Caution Lowar CAUTION Level First level waming limit in Upper level andlor Lowsr level
U-Action . Upper ACTION required Level L-Action : Lower ACTION required Level Second level waming fimit in Upper leval andior Lowsr level
Agcuracy of interpretation and recommendation are based on rep ives sample and ir supplied Mo warranty is expressed or implied for this report
8 Fl., Thosapal Land 4 Bldg., 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10260, Thailand Tel : (362) 381 8600-3 Fax:(662) 381 BEET

hito:ffwew focuslab.co.th Email : focuslabfifocuslab.co.th



337

917 9-44 1A lUIBNIURANNINAABLUNNUNADAUAINLATANIUR lUSINTELL AL 4335
all 9,19; o a 1 o 6V a 1 =3 a
PN TR ATINAUNNTEITHDNA MITI9TEeENG 7815 D9 10006 NIALNAT

F c“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. Page 1 of 4
Customer . 18004 kR, :LN4335Eng
USIOMET - JCE R&D LAB i e ki
Address + Faculty of Engineering 1'|_ ype:: ame 5 Overall Condition Rd:ng
Chulalongkorn University Unit Make : NISSAN SNORMAL| NORMAL| _ NORMAL
Bangkok Unit Modet TD 27 DDF NGV £] 8 ok
Qiltype! 5 B =
Testcode : 804 904 914 Vecoury: 2 FTT.D3 RLUS SOE SOARTCF S 3! &
Site Name: NGV DDF PROJECT 37 =] a1
Lube System Capacity : 6 Liters Location : =

Recommendations and Notes 1775

Mote some test values are near to the Alarm Limits, or slightly over the Alzrm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS | Andy Skton
!_— — = Smmen —_— =
Cuirent Sample Previous Sample Alarm Limit Range
Condition History M ‘IIM ﬂk\‘iﬂ,ﬂ'ﬁ* fear 0l Cont.  |imit Name (Equipment / Qil) :
i M8 . @ ® (' N | Engine Diesel General PTT D3
- ¥ ./ OB AR AR AT : SAE 40
FocusLab ID g 4 71200 [} 70647 69992
Date sampled 3 3 26-Feb-07 13-Feb-07 29-Jan-07
Hours on il E & | 3142 kms 2154 kms 951 kms
Hours on Unit 2 236872 kms 235884 kms \ 234681 kms
Bottle ID 859797 850796 | 859795
- E 3 EN VAT 4T AE - s =
Wear Condition ey New
WearElement  Mcthod Unit  RDE fine RFS coarse ~ ROE Goarse RDEfine RFScoarse O
Iron D-6595 PEM 5.6 0 - g 4.5, 5.4 3.2 6.0 1
Chromium D-6595 || peM i1 C 19 Cy 1.0 1.3 0.6 0.8 0
Lead D-6595 || PAM 1.5 52 1.1 3.1 0.3 2.0 0
Copper D-5595 || pem 0.7 R 1 | 0.4 0.4 0.3 05 0
Tin D-s595 || Pem 0.0 55 A 0.1 0.0 0.8 15 0
Aluminum D555 || Pem 1.1 gacl 1.2 00 0.7 23 0
Nickel D-6595 || PRM 0.2 22 = 0.0 0.0 0.0 0.0 0
Silver D-5595 PP 0.0 ¢ 5 e | 0.0 0.0 0.0 0.1 0
Molybdenum ] 0.6 43 4 0.3 Bhcf 0.2 6.2 7
Titanium ) 0.0 0.8 0.0 o0 | 0.0 0.0 0
: B 0.0 AR B e g —
0il Condition Rewla
e p— v .
Viscosity @ 40 € D-a45 || Sesee L1520 - ) L1438
Viscosity @ 100 °C | D445 | et t 15.1 | 15.1 149
Oxidation FTIR 1 &5 6.5 6.2 50
Mitration FTIR 8.7 7.7 7.1 4.0
TAN D-974 1 i)
TEN D-4733 5.2 9.6 9.0 8.7
Contamination
Water 0.076 0.065
Fuel L 010 [ 0o
Ghyco! 1 fi} 0
Soot % Cogs — T 0.00
Sodium D-5595 | PEM 2 ! 1 2 0
Silicon D-5555 | AR 3.7 3.6 3.9 0.0 3.4 3.4 9 =21 | =21
Additive Element N = Wewdil
Boron D-5555 PEM 45 48 49 i
Magnesium L bgsos, | spem 2119 1935 2075 3012
Calcium \ D-6535 ’ o BT 28 7 28 2
Barium D-6535 PEM 3 2 (1] 0
Phospharus D-6595 || PEM 1053 1074 1047 £
zZinc D-5595 || PAM 1199 45 1180 479 1255 360 1254
Additional TEst i New Oil ;-_W'_,_‘gt—cam U-Caution .m
Flash Point °C
Wiscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

Mo Sign or [\ NORMAL | or 'n © CAUTION | first level warning fimit ) | A or ..‘ ACTION requires  { second level warning lmit |
i
u n Upper CAUTIO 3| L-Cautio : Lower CAUTION Leve First level warning limit in Upper lzvel andior Lower level
U-Action - Upper ACTION required Level L-Action :  Lower ACTION required Level Second level warning limit i Upper level andlor Lower level
Accuracy of interp ion and rec daton are based on representatives sample and information suppied. Mo warraniy is expressed or implied for this report.
8 Fl.. Thosapo! Land 4 Bidg., 947/38 Bangna-Trad Rd., KM.3. Bangna, Bangkok 10280, Thailand Tel: (862} 361 8800-3 Fax : (6A2) 361 BSET
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. Page 1 of 4
gxtenmer: 18004 H”'[ D H LN 4335 Eng
Customer
Gustomer . |~ F RN LAB : L
Address : Facuity of Engineering U!‘l!t Type : Engine Nat Gas Overall Condition Rating
Chulaiongkorn University Unit Make : NISSAN — NORMAL| NORMAL | _ NORMAL
Bangkok Unit Model : TD 27 DDF NGV 2] 8§ )
= =1 4
Testcode : 804 904 914 VstiRfy @ PTT D3PLUS SAE 40 APICF 31 5l E]
Site Name : NGV DDF PROJECT B = 3
Lube System Capacity : 6 Liters Location : > i
Recommendations and Notes \"\‘i ‘ l!’ , 7 7 =

All wear conditions and wear tests appear in normal warking range.

All oil conditions and oil tests appear in nomal working range.

All contaminant conditions and contaminant levels appear in normal ranges.

No oil change recommended at this time, oil appears suitable for further use. Continue routine

sampling interval.

AS | Andy Sittan
= — — m—
Current Samge s Sample Alarm Limit Range
Condition History l l !:d &\ 59"‘& ir DIl Cont. [ imit Name (Equipment / Oil) :
N ry 'w (M N» N N N Engine Diesel General PTT
= * “‘.‘- = D3 SAE 40
FocusLab ID 3 72484 72483 \ 71552
Date sampled i E ' 22-Mar-07 i 22-Mar-07 06-Mar-07
Hours on Oil 2 & 0 kms 4946 kms 4080 kms
Hours on Unit E 238676 kms 238676 kms . 237820 kms
Bottle ID 859800 BESTI9 859798
- S Tres B LR
Wear Condition . A Hew
Wear Element Unit coa FGQ% ,@E fine RFScoarse O
lron PPM 1.4 0.0 | 1.5 .7 3T 1
Chromium PPM 0.6 0.0p "k 0.0 . .1 C 0.1 a
Lead FRM 1.4 aaAg 0.0 1.7 0.0 i
Copper PPM 0.1 0o ¢ 07 1 09 06 i}
Tin PPM 0.9 006 . 0.0 0.0 0.0 @
Aluminum PPM 0.9 00 & 00 13 0.0 0
Nicksl PRM 05 0-8—F 0.0 0.0 0.0 a
Silver FFM 0.0 0.0 0.0 0.0 0.0 ]
Maolybdenum PPM 0.5 0.0 | 0.0 02 0.0 77
Tetanium 01 L E | 0.0 i 0.0 0.0 0
0il Condition B - ¥ s . A | New il Leaution  U-Caution
: — —
Viscosity @ 40 °C D445 B s i R - — i 146.3 3
iscosity @ 100 °C D445 sl | 150 15.3 15.1 149 <127 =17.18
Oxidation Ab 56 5.8 6.4 50 >19
Mitration 6.3 I T2 78 40 >14
TAN
TBN 92 8.7 11.9 EIE
Contamination by
Water FTIR 0.066 0.061 .. D063 0073
Fuel SAW 010 A 0.10 " 0.10 0.00
Glycol 212 ] 0 0 ! i}
Soot AR y 0.00 I 0.0% 015 0.00
Sodium D-as05 | PP 1 2 1 i}
Silican D-g585 | PPM 55 1.2 31 0.0 4.2 27 g =21 16 =31
Additive Element o] Hewdil
Boron EEM 56 40 45 a
Magnssium BFW 2062 2450 i 2183 3012
Calcium FRM | 2 31 3l 24
Barium FEM o o ¥ a
Phosphorus BEM 1001 977 1118 963
Zinc FFM 1219 122 1247 131 1257 138 1254 BTN
 Additional Test Hew il | ihction | LCauton  (-Cauton | Uekghen |
Flash Point oC
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
No Sign or [\ : NORMAL | C or -G“ = | { first level waming limit ) A or ACTION required  ( second level warming limit )
-Caution Upper CAUTION vel L-Caution Lower CAUTION Lavel First level warning imit in Upper level andlor Lower level
U-Action Upper ACTION required Level L-Action Lower ACTION required Level Second level warning Emit in Upper level andlor Lower level
Accuracy of inte‘rpreta‘ti:ln and recommendation are based on representatives samiple and information supplied Mo warranty is expressed or implied for this report

8 Fl., Thosapol Land 4 Bidg.. 847730 Bangna-Trad Rd . KM.3, Bangna, Bangkok 10280, Thailand
hittpedwww focuslab.co th

Tel : (662) 361 B600-3 Fax: (B82) 361 BEET
Email : focuslab@focuslab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Gose ™ 18004 B, :LN4335Eng
ﬁg‘lgmef: [CER&DLAB Unit T : Engine NGV Compression : ¢
Address : Faculty of Engineering ¥ Ype 220G P Overall Condition Rating
Chulalongkorn University Unit Make : NISSAN = NORMAL! NORMAL| _ NORMAL
Bangkok Unit Modet TD 27 DDF NGV 4 2 2
il type | . 5 2
Testcode : 804 904 O14 Vichiy  : PTT D3 PLUS SAE 40 API CF 31 s
Site Name: NGV DDF PROJECT 8] =
Lube System Capacity : 6 Liters Location B

Recommendations and Notes ~ m =

All wear conditions and wear tests appear in normal working range.

All oil conditions and ol tests appear in normal working range.

All contaminant conditions and contaminant levels appear in normal ranges.

No oil change recommended at this time, cil appears suitable for further use. Continue routine sampling interval.

AS [ Ardy Sitton
= —
Current ;\ T Previous Sample Alarm Limit Range
Condition History #’ m lﬁ,\‘éﬁ!‘h \é‘ Cont.  |imit Name (Equipment | 0il) :
N ‘p ‘N N N N "N N Engine Diesel General PTT D3
- - n.‘__— - - — SAE 40
FocusLab ID 2 . ?4?'22 ?'3969 73293
Date sampled i | ' 09-May-07 1 23-Apr-07 | 08-Apr-07
Hours on Oil % & 3482 kms 2674 kms 1221 kms
Hours on Unit & 242156 kms \ 241350 kms 238897 kms
Bottle ID 3595803 ] 850802 i 859801
A A P ale s sac - b

Wear Condition

Wear Element  Method Unit nn‘ne‘fsjh#ﬁ huém ;&ﬁm RFS coarse

Iron D-6595 PEM # 4.1
Chromium D-6595 PR }..D 0.3 | CI.9 2.2 £ 0.8 22C
Lead D-6595 || PPM 0.1 4 e 0.9 5.0 1.0 121 C
Copper D-£535 | PRM 0.8 054 0.5 06 | 0.4 0.4
Tin [-6595 PPM 0.8 0.0 -3 0.1 i C 0.2 9.0C
Aluminum D-6595 PEM 1.0 f— 0.7 6.0 C 0.9 9.1 4
Nickel 06595 PEM 0.2 a1 06e T 2.5 0.4 1.8
Silver 06555 | PPM 0.0 00,0 0.1 0.0 0.0 0.0
Molybdenum [-E535 bz ] 0.0 00" § 1 i 5.9 0.6 10.5
Titanil,lm_ D-6595 1 P_D:L E],E yl]‘?_ 5{]”5" 0.9 0.1 - 0.5
Oil Condition L s
Viscosity @ 40 °C D445 o I 1522 I 1527 I 150.9
Viscosity @ 100 °C D445 o5t i5.1 15.2 15.0
Crxidation FTIR 4.2 2 L
Nitration FTIR 6.4 “ 6.3 6.5
TAN C-574 . R
TEN D-4733 8.9 8.7 8.1 ne R
Contamination - i :
Water FIIR % (Wt) | 0.065 | 0.6z -, 0.062 0.073 I =03
Fuel SAW il % (W) 0.30 0.10 0.10 0.00 =5
Glycol FUR = | 0 0 . o
Soot FIIR %o (WE) 0.49 0.69 0.01 0.00 > =5.1
'
Sodium D-6595 PRM 2 2 2 [
silicon | Desos | pem § 3.2 17 e 3.5 2.7 e 4.0 29 ) (3 >21 15 =21
| Additive E!ement e r— e Rt
Boron C-E555 g 42 51 i’ 43 0
Magnesium D-659% | (PeM | 2164 2406 2042 302
Calcium 06595 || (_PeM 3 ] 24 29 24
Barium 06595 PEM 0 0 ) [
Phosphorus D-6595 PRM 1018 1088 1084 93
Zinc § D-5555 § PPM | 1219 112 1357 180 1154 185 1254
| additional Test " Mewoil | A | Lcauion  -Causon | AGien |
Flash Paint oz
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSign or [ f\]s: NORMAL | C o ﬁ TICN | first leved warning limit ) | A or .: ACTION reguired | second level warning fimit )

JI-Caution Ipper CAUTION Leve 3utio wwver CAUTION Level First level waming limit in Upper level andlor Lower level
U-Action . Upper MTHON required Level L F\cuon & Lower ACTION required Level Second level waming limit in Upper leval andior Lowsr level
Accuracy of inf y P ion and recor ion are based on rep i sample and informat: pphed. Mo warranty is expressed or imphed for this report.

8 Fl., Thosapol Land 4 Bidg.. 847/30 Bangna-Trad Rd., KML2, Bangna, Bangkek 10280, Thailand Tel: {662) 381 3600-2 Fax: (6562) 361 8567

hitp:ifwew. focusiab. co th Email : focuslab@focuslab coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Customer . 18004 miE, LN 4335 Eng
Gusmmer ¢ ICER&D LAB Unit T : Engine NGV Corpression '
Mdress + Faculty of Enginesering i Ype : Eng P Overall Cmmmm
Chulalongkorn University Unit Make : NISSAN = NORMAL| _ NORMAL
Banghkok Unit Modek TD 27 DDF NGV = 5 2]
oil . 5 = =
Testcode : 804 004 914 Jiupel  : PTT D3 PLUS SAE 40 API CF 37 5 g
Site Name: NGV DDF PROJECT 3 = {Ey
Lube System Capacity : 6 Liters Location : 3

T aN\11777 -

Note abnormal wear metals.
All other wear tests and oil condition tests appear satisfactory, and the il was still serviceable at the time of sampling.
Continue routine sampling interval.

AS | iy Sitton
Current Sa;g! Prevlous Sampjg Alarm Limit Range
Condition History J (‘J ﬁ &.\ M& n.m ~oil Cont.  Limit Name (Equipment / 0il) :
- T} w &Ny N ) ‘N ™N N Engine Diesel General PTT D3
= — i A _..-3: 3 =, SAE 40
FocusLab ID 2 76019 75639 | 74722
Date sampled 4 El 01-Jun-07 ] 24-May-07 09-May-07
Hours on Oil = & 5001 kms 4210 kms 3482 kms
Hours on Unit = 243877 kms 242886 kms . 242158 kms
Bottle ID 859305 ‘ 859804 859803
- i AN s ssau - m—

Wear Condition

Wear Element Method  Unit nnﬁe EW* @Wm* -&E‘ﬁne RFScoarse & UCation [
Iron 6595 PEM 4.0 1 =38 33 =53
Chromium PEM 2.0 A L.? C : 1.5 C 0.0 l.G 0.3 0 17 g 224
Lead PRM 2.9 FF=F 1.2 0.0 0.1 0.0 0 =13 =15
Copper PRM 1.3 7 g | 11 87 | 0.8 0.5 0 =25 2 =34
Tin ] .. e o | 1.2 .0 0.8 0.0 0 =55 o =147
Aluminum PRI 2.1 10,1 & « 1.5 0.0 1.0 0.0 0 =8 € #9
Nickel PEM 0.6 C &3 7 0:3 0.0 0.2 0.0 0 1 »4.1
Silver ] 0.1 0o, .y 0.0 0.0 0.0 0.0 0
Melybdenum oo~ g 0.3 0.0 " 0.0 0.0 7
Titanium QS i i ﬂ_q}., 0.0 0.0 i - 0.2 0 - )
0il Condition ot o
Viscosity @ 40 °C D445 I 1507 I 1522 7
Viscosity @ 100 °C D445 15.4 15.1
Oxidation FTIR 4.3 4.2
Nitration FTIR H 6.6 6.4
TAN D-574
TBN D-4739 8.9 8.9
Contamination
Water 0.066 0,065 #=, 0,085 0.073 1 =03
Fuel 0.10 0.10 1 0.30 0.00 =
Glycol ) 0 X 0
Soat o (W) 0.35 | 0.52 0.49 0.0 =51
Sodium D-6535 PR 2 2 2 o
Silicn D-6595 PEM 4.6 5.8 IR g2 | 32 1.7 9 i =34 i 521
Additive Element ___ Lt
Boron §oe5s [ 43 42 ¥ 42 1
Magnesium D-6595 PEM \ 2308 2153 2164 3012
Calcium \ D-6355) | P : [} 31 31 P
Barium D-6595 PR 3 i} 0 0
Fhosphorus =] 1157 1057 1016 963
Zinc PEM 1298 268 1230 187 1219 112 1254 ;
. Additional Test ) ) . ) M |m Lauion  U-Caudon | IAon |
Flash Paint D-3828 o
Viscosity Index C-2270
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
No Sign or | ] :: NORMAL | ar c s CAUTION ( firstlevel warning fimit) | A or .: ACTION required | second level warning fimit
}-Cautiof Upper CAUTION Leve L-Caution AUTION Level First level waming limit in Upper level andior Lower level
U-Action . Upper ACTION requlred Level L Action x LowerACT!ON requnred Lawel Second level waming limit in Upper level andlor Lowsr level
Acouracy OfintE‘I‘p(E(a“On and recommendation are based on rep i sample and ir lied Mo warranty is expressed or implied for this report.

8 Fl., Thosapol Land 4 Bldg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkek 10280, Thailand Tel: {662) 381 3600-2 Fax: (652) 3561 8567
hitp:ifwenw focuslab. co th Email : focuslab@focuslab oo th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Ghsiomer . 18004 Bl LN 4335 Eng
Gusiomer . yeoE RRD LAB > o ) _
Address - Faculty of Enginesring Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : NISSAN = NORMAL | — NORMAL
Bangkok Unit Model: TD 27 DDF NGV £ g 21
il type | . = = =
Testcode : 804 904 914 Visemey @ PTT D3 PLUS SAE 40 API CF 37 5 g
Site Name: NGV DDF PROJECT 3 = =1
Lube System Capacity : 6  Liters Location = =

Recommendations and Notes - Q{< “!’ ' 7 7‘

Note abnormal wear metals.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

= AS [ hrely Sitton
Current Sa?l Previous Samp]e Alarm Limit Range
Condition History ﬂd '&\ m h 0l Cont. [ imit Name (Equipment | Oil) :
' ( l‘y ‘N {N\ Ny N ™ N Engine Diesel General PTT D3
= MW SRl ¥ AT N SAE 40
FocusLab ID g 7177 76882 || 76355
Date sampled v § 25-Jun-07 ¥ 18-Jun-07 11-Jun-07
Hours on 0il = & 2424 kms 1965 kms 974 ks
Hours on Unit & 247101 kms 245643 kms . 244851 kms
Bottle ID 366240 u 866230 866211
- - - iy B P S S T

Wear Condition

- F— - Hew
Wear Element  Method Unit RDEfine [RFScoase - RDEfibe Ri§coarse RDEfine RFScoarse
Iron D-5595 PEM 6.3 214 | 4.1 2.6 8.2 6.3 1 238
Chromium PRM 0.2 3.5%4 ¢ 0.5 0.4 0.5 0.8 g 1 >1
Lead PPM 1.1 75 : 0.6 3.7 0.5 4.3 0 5 =13
Copper PEM 0.6 16§ 0.5 8.3 | 0.3 0.5 0 5 =25 20
Tin PRM Lo S vy | 0.0 0.4 0.0 1.5 0 58 > 17
Aluminum PEM 11 1124 0.5 0.0 0.7 0.6 0 >§ : =9
Mickel PPM 0.4 1 S 04 0.2 0.3 0.0 0 >1.1 2 »4.1
Silver PPM 0.0 00" 0.1 0.0 0.1 0.0 1
Molybdenum 06595 | PPM 0.3 5=} 0.5 0.0 0.2 1.3 T
Titanium D-6595 L DPP:!‘ 0.1 04 1 0.1 0.0 0.0 Y - 0.0 ¢ .
0il Condition s - el i
Viscosity @ 40 °C D445 ] 15%2 1520 [ 1465 1463 =12435 <3167
Viscosity @ 100 °C D-445 el ] 152 152 15.1 1“8 <127
Oxidation FIR | sbsedl 44 H 39 3.9 50
Nitration FTIR Abs 6.6 6.2 5.8 40
TAN C-574 ! J
TEN D-4739 " 8.7 9.7 9.7 ] 47 g 4 -
Contamination e |
Water 4 0.060 4. 0.054 0073 01 =03
Fuel 0.10 1 0.20 0.00 =5
Glycol 1] X o
Soot 0.50 0.45 0.00 E =51
Sodium D-6535° PPM 2 2 1 0
Silirnn D-£535 pPM 3.6 2.9 L 3.6 1.6 L 4.2 4.0 9 I =3 i =21
Additive Element __ . JEsst
Boron PERd 45 52 i 51 T
Magnesium iy \ 91 2090 2096 302
Calcium RPH 26 [] 23 23 P
Barium PRt 0 2 1] 0
Phasphaorus D-6595 | PPM 1088 1165 1041 963
Zinc [-6535 PEM 1256 852 1272 180 1269 224 1254 . :
Additional Test Heww Gil | Cistin | L aution - U-Cauion
Flash Point oC |
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSign or [ f\]i: NORMAL | C ar a = CAUTION (first level warning fimit) | A or .: ACTION reguired | second level warning fimit §

J-Caution Ipper CAUT L-Caution Lower CAUTION Level First level waming limif in Upper level and’or Lowsr level
U-Action A UpperACTlON requ:re:l Level L-Action :  Lower ACTION required Level Second level waming limit in Upper leval and'or Lowsr level
Accuracy ofintE‘rpretanon and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or imped for this report.

8 Fl., Thosapol Land 4 Bidg.. 847/30 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel : (B62) 361 8600-2 Fax : (BG2) 361 8567

hitp:ifwww.focuslab.co.th Email - focuslabi@focuslab coth



342

9107 9-49 uanlumeUNANIIMAAELIUNNUNABAUAINLATERIUE lWINHaAIN 70-0910
PfnTuB A saNi AN T8I INT A uta9szzNg 0 e 950 Alawuas

LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIESLTD. |50 9001: 2000 Certified. Page 1 of 3
Gustomer . 15004 AR, :70 0910 Eng
fustomer . |CE R&D LAB ; : : )
A IO Un!t Type : Engine NGY Compression Ovaial Condition Rating
Chulalongkorn University Unit Make : HINO 5 NORMAL| _ NORMAL | _ NORMAL
Bangkok Unit Model: EP 100 T = 57 £7
Testcode : 804 907 Vacmsy @ SHELL RIMULA X 15W-40 37 & E]
Site Name : NGV DDF Project L =0 5
Lube System Capacity : 24 Liters Location : =
Recommendations and Notes B\ P
All wear conditions and wear tests appear in normal working range.
All oil conditions and oil tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
Mo ail change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.
AS ! Andy Sitton

m = =~
Current Sample Pravious Sample Alarm Limit Range
Condition History l l l E‘:l Vd &,\ ‘ﬁﬂa’%‘ ;& 0il  Cont. | imit Name (Equipment / Gil :

N i i Ny N Engine Diesel Hino Qil T
o - 5‘” 9 cE- AN ‘5‘ A No?on File s
FocusLab ID 2 12007 71923 1 71650
Date sampled i § 14-Mar-07 M 12-Mar-07 | 08-Mar-07
Hours on Oil 2 & 930 kms 0 kms 13000 kms
Hours on Unit 3 5095315 kms 508365 kms . 506575 kms
Bottle ID 8598 I4 1 85981? 859818
— sins s s
Wear Cnndit_ion Py
Wear Element om0 s o ot lekcoste  RoEtme ars comne
Iron FPM B0.3
Chromium PPM D‘b ) D U . 95 3 6
Lead PPM 1.2 0.0 : D.S 0.0 18.7 C 0.0
Copper PPM 15 L= e | 0.7 0o g 284 A 32 cC
Tin FPM 00 326 00 16 44 4 0.0
Aluminum PPM 1.5 A o et 2.0 4.4 7.3 8.8
Mickel PP 04 g = 0.3 0.0 12C 0.0
Silver PPM 0o DLmsty 0.0 0.0 0.0 0.0
Molybdenum Gl 28 00~ p 21 0.0 63.9 4.2
Titanium ! 0.0 02 0.0 0.0 ' 0.0 0.1
v = = -——
0Qil Condition
- = m r—cy
iscosity @ 40 °C 1
Viscosity @ 100°C el 144 | 131
Cixidation 121 122 128
Mitration 64 “ 6.3 .1
TAN 230 242 281
TBN | | 108 10.2 5.6 = .
Contamination Nem 01 U-Caution [ m:ﬂf:
Water 0.052 0.070 s 0.054 15 >046
Fuel 0.10 1o AL 3 5
Glycol i] ] | 0
Soot 0.00 | 0.00 021 14 =22.2
RFS
Sodium PP ) 9 43
Silicon ) 67 24 6.5 8.0 493 & 234 C 1 =30 i5 =35
— — v
Additive Element New O
Boron ARy 11 | 18 i 29
Magnesium RE 17" 17 16
Calcium i 3663 Yy ¥e 2644
Barium PPM o i} 1]
Phosphorus PEM 1016 1128 6T
Zinc FPM 1284 163 1369 135 1227 133 — e
Additional Test Sewtil | 1 Lzt ch:..m Mwﬁnn:lim,i
Flash Point C
Viscosity Index
Other
MNote: Alarm Limits are variable and dependent upon datasst size and to be used as general guideline
Mo Sign ar | ]\ : NORMAL | C or e : CAUTION { first level waming limit } A or : ACTION requred | second level waming limit )
u-C Upper | L-Caution Lower CAUTION Leval First level warning Emit in Upper lzvel and'or Lower level
U-Action n Llpper ACTION requmed Level L-Action : Lower ACTI oM requlred Level Zecond level warning Bmit in Upper level andfor Lower level
y of irwe.ll_ ion and dation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
2 Fl., Thesapel Land 4 Bldg.. 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10260, Thailand Tel : (B62) 361 8600-3 Fax:(BE82) 361 8547

hittp:ifwenw. focuslab.coth Email : focuslabi@focusiab.co.th
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F% ﬂ“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAICRIES LTD. 150 9001: 2000 Certified. Page 1 of 3
Gustomer . 15004 iy :70 0910 Eng
ustomer . |CE R&D LAB
ame . . e * - o
. Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : HINO < NORMAL| _ NORMAL | _ NORMAL
Banghak Unit Model : EP 100 T £ 5 £
0il type | ; 5 S £
Testcode : 804 907 Viscoaty  © SHELL RIMULA X 15W-40 o] 5 El
Site Name : NGV DDF Project Q) = B
Lube System Capacity : 24 Liters Location : =

Recommendations and Notes aeN11777.

All wear conditions and wear tests appear in nermal working range.

All oil conditions and oil tests appear in normal working range.

All contaminant conditions and contaminant levels appear in normal ranges.

Mo oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.

AS | Andy Sitton
=~
..,urrent Sam le Prev'lous Samp!e Alarm Limit Range
Condition History M ﬂd MOil Cont. | imit Name {Equipment / Gil) :
N f‘# y w N v :N, N N Engine NGV Hino Rimula X
o = ¥ ' W 'a GON N . . . 16W40 (ICE)
FocusLab ID 2 T231 3 72209 ‘\ 72023
Date sampled T '?: I 21-Mar-07 . 18-Mar-07 | 16-Mar-07
Hours on 0il z & 4082 kms 3138 kms 1886 kms
Hours on Unit = 512347 kms 512004 kms . 510751 kms
Bottle 1D 859811 f BE9E12 859813
L -_ B s —=
Wear Condition - - - = i
wWear Elament i o o’ ok % e
Iron B.1 0o 76 0.0 6.0 0.5 0 : 45
Chromium 17 D.o# @ 1.3 0.0 . 1.0 08 1] >15 7 =13
Lead 23 [ 7 19 0.0 1.6 31 0 =20 4 =13
Copper 20 TN | 18 04 | 17 0.1 0 ST 4
Tin 0.0 Dos - oo 22 0.0 54 a =2 12 =22
Aluminum 27 L — 23 oo 19 35 1] =18 13 235
Mickel 05 oo—= 03 0.0 0.8 03 0 22 1 22
Silver 01 ooy 0.0 0.0 0.0 0.3 1]
Molybdenum 3.3 oo 1 30 0.0 29 0.0 1]
Titanium 0o Do | 0.0 0.0 I 0.0 £ 04 1]

. — lkzza | Lcauion  UCaution | Uécien |
il Condition _‘ - -y o [EEESE =
Viscosity @ 40 °C 1
Viscosity @ 100 °C 13.8 14.0 13.8 143 <129 136 15 >157
Oxidation 122 124 123 121 1 »18.2
Mitration 70 6.9 6.7 6.1 »9.2
TAM 205 263 265 247 3-1 *37
TEBM 10.5 11.1 108 14.0 <2 4 :
Contamination el temion
Water FTIR | %(Wt) | 0.047 0.050 L. 0055 0.053 15 *0.46
Fusgl SAW I % (Wt) 0.10 b 0.10 1 010 0.00 3 *5
Glycol S #e A i} i X ()

Soot FIR % (Wt) 0.0 0.01 0.00 0.00 =} .4
RFS
Sodium D-0385Y  FPM T T 2] 11
Silican D-8505 || oM 130 22 1.1 0.0 786 26 1 ) =30 15 335

o — — v - :
Additive Element . . : New O
Boron PRk 12 13 i " 14
Magnesium BEM 12 13 i1 17
Calcium G 3580 / 3586 3540 3637
Barium PP 1} ] 0 a
Phosphorus =PM 1045 1178 599 1132
Zinc i PPM 1335 123 1358 442 1329 63 1311
‘Additional Test tewOl [ Metin Leauion  U-Cauion | iAcion |
Flash Point 2 °C
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upcm dataset size and to be used as general guideline.

Na Sign ar | ]\ : MORMAL | C of ﬂ ITION { first level waming fimit ) | A or : ACTION requred | second level warming limit )

U-Ca pper CAUTION L | -Caution AUTION Level First level warning limit in Upper level andior Lower level

U-Action i Upper ACTION requlled Lewvel L Action : Lower ACTHON required Lewel Second level warning bmit in Upper level andior Lower level

y of int: .,_ icn and iation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
9 Fl, Thosapol Land 4 Sidg., 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand Tel - (862) 361 BB00-3 Fax ; (662) 361 8587

it iwenw facusla.coth Email ; focuslab@focusiab.co.th
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ubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. S0 9001: 2000 Certif Page 1 of 4
Gustomer . 18004 = 1700910 Eng
ustomer ; |CE R&D LAB
ame i . i N i o . .
i RGO EG Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalongkern University Unit Make : HINO = NORMAL! NORMAL| _
Bangkak Unit Model: EP 100 T £] 5 b
Testcode : 804 907 914 Viomsy ¢ SHELL RIMULA X 15W-40 31 13 3
Site Name : NGV DDF Project 3 = g
Lube System Capacity : 24 Liters Location e

Recommendations and Notes aN1777 .

MNote that AQ (anti-oxidant) additive depletion is Cautionary (below 25% remaining) for SAE applications, which are different than ASTM
Turbine Oil applications.

All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

AS | Andy Sitton

Current Sample | " Previous Sample Alarm Limit Range

‘Condition History ﬂa A‘L’M ﬁ Q&_\ﬂ%ql.‘\:%r Cont. Limit Name (Equipment / Oil] :

w N oA NN £ | N N 4 | EngneNGY HinoRimula X

FocusLab ID E | 72795 ' 72622 \ 72621 e
Date sampled ] F 28 Mar-07 25 Mar-07 23 Mar-07
Hours on Oil 2 & 6901 kms 5966 kms . 5028 kms
Hours on Unit K 515766 kms 4 514831 kms 513893 kms
Bottle 1D A 859808 i 8598{]9 | 859810
- - e - mEm -

Wear Condition

Wear Element  Method Unit  RDEfine (RFS coarse ~ RDEfing  RES ¢ 'RDEfine RFS coarse Uasion I@““mm

Iron D-8585 PPM 100 168 & 103 S 9.8 0o a 65 >105 : =80

Chremium D-8585 | PPM 18 0igh A 21 2.0 0.0 [i} >15 =7 13

Lead 22 04 2.0 28 0.0 0 220 37 *13

Copper 20 0:0¢ -4 2 22 0.0 a =12 2

Tin 0.0 o1 0.0 0.0 0.0 i 272 12

Aluminum 27 e 31 4.4 0.0 i y 218 1

Micksl 0s Doy 0.4 05 0.0 a 1 =3

Silver 0.0 B0 0.0 0.1 0.0 Q

Molybdenum 33 0.0 30 34 0.0 a

Titanium 5 B\ F g 0.0 oo § 0.0 . 0.0 v ) 00 i

0il Condition ewo [FERERRY Lcauion v-cauion RG]
= - — o = = SREEE)

Viscosity @ 40 °C D45 | sy ()

Viscosity @ 100°C D445 Sty 138 134 C 13.7 143 <129 =136 15 »157

Oxidation FTIR 122 122 12.2 21 i5 >18.2

Nitration FTIR J 72 71 6.9 6.1 76 »82

TAN D074 3.06 3.02 259 247 31 »37

TBM D-4739 10.1 10.5 10.0 140 =<2 =

Contamination New 0l e |

Water FTIR _J % (Wt) 0.043 0.043 0.046 0.053

Fuel AT | T 47 000 13 11] i oo 0.00

Ghycol IR Abs 1] i} a

Soot RTRL | ¥t 0.00 0.00 p.oo 0.00

Sodium - PPM 7 8 7 "

Silicon_ Jo PPM 115 42 14.4 23 | 13.4 0.0 0 20 =30 15 525

Additive Element . L. . SN ..V . ¥ _W.F.N.EF. &, el

Boron D ‘ 11 13 13 -‘ 14

Magnesium 11 Il 13 14 iz

Calcium 3475 3832 3588 3637

Barium o i} 0 i}

Phosphorus 975 1022 1125 1132

Zine 1279 165 1389 525 1403 104 1311

Additional Test i || weeon IR cauion v-cauion KGR
Flash Point

\iscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline

No Sign ar [} : NORMAL | C or G : CAUTION {first level wamning limit ) A or : ACTION requered (| second level warning limit )
U-Caution Upper CAUTION Level L-Caution Lower CAUTION Lavel First level warning Fmit in Upper level and'or Lower level
U-Action . Upper ACTION required Level  L-Action : Lower ACTION required Level Second level warning fimit in Upper level and'or Lower level
y of interp and dation are based on representatives sample and information supplied Mo warranty is expressed or implied for this repart.
8 Fl.. Thosapo! Land 4 Bldg.. 847/38 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10260, Thailand Tel : (B62) 361 B600-3 Fax: (662) 361 8587

ttp:fiwaww. focuslab.co.th Email : focuslab@focuslab.co.th
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c“s LubeCheck ™ - Qil Analysis for Predictive Maintenance

[ABORATORESTD. 150 9001: 2000 Cerified. Fags 1 o 4
Egﬁtmr: 18004 H”'[ D - 70 0910 Eng
ustomer . |CE R&D LAB
ame . - = - <
R Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : HINO < NORMAL| _ NORMAL| _ NORMAL
Bangkok Unit Model : EP 100 T 27 5 &7
Oiltype/ . 5 2 =
Test code 804 907 914 Viscbey  + SHELL RIMULA X 15W-40 31 kL El
Site Name : NGV DDF Project 5 =] 3
Lube System Capacity : 24 Liters Location : = =

Recommendations and Notes B A\ /7P

Note some test values are near fo the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

A3 ! Andy Sitan

'--r - - - _

vurrent Sam Prev!ous Samgle Alarm Limit Range

Condition History II !ll @ (k\ M 0il  Cont. Limit Name (Equipment / Qil) :

| v & "W & N | EngneNGY Hino RimulaX

P .- = ---, e wem . mw. =
FocusLab ID ;3: 73296 1 73079 \ 72803 15WA40 (ICE)
Date sampled T § I 05-Apr-07 X 03-Apr-07 \ 30-Mar-07
Hours on Oil = & 10041 kms 2087 kms 7822 kms
Hours on Unit E 516906 kms 517352 kms ‘ 516887 kms
Bottle ID 862018 i 862015 859807
= -_— e = e e

Wear Condition y e T
Iren PPM 16.6 19 ;' 0.0 . 13.3 1.8 a
Chramium PEM 23 1.8 ¥ 11 24 0.1 1]
Lead PP 23 aaaq 0.5 30 0.4 1]
Copper FPM 29 [1 1 B 0z | 26 0.1 i}
Tin PPM 0o B.54 - 4 33 0.0 0.0 a
Aluminum PPM 32 So—F 00 32 0.0 1]
Mickel PPM 0.6 i e 0.0 0.8 0.0 a
Silver PP 0o A | 0.0 0.1 0.0 0
Iolybdenum PPM 40 | 0.0 1]
Titanium 4 DFM‘ .[!'.‘ | | e e ot = . 0.0 : 0
0il Condition w0 [[BGERR | Lauion (Sauion | A

St — — - = —— ] Fssas i 1)
Wiscosity @ 40 °C D-445 om - 832 i
Viscosity @ 100 °C D-445 astd | 135C 135 C 136 C 143 <129 <136 =15 »15.7
Cixidation FTIR Abs 4 114 LT 12.5 121 151 =182
Mitration 6 C 72 7.5 61 7 >83
TN 2.98 319 C 333 C 247 31 Ay
TEN {103 10.8 0.3 140 <2 4
Contamination ! e o |
Water 0.043 0.048 | 0.043 |l 0053 15 >0.46
Fuel 0.10 b oo == 020 0.00 3 >5
Glycol ] il il il
Soot 0.07 0.00 000 0.00 1 3.2

l

Sodium Ey 7 7 11
Silican 5 142 24 14.1 0.0 14.0 12 P 2 230 15 225
Additive Element (o g - newer "
Boron D68, | PPN 13 13 | 12 14
Magnesium D-B505E AR iy 14 14 14 1w
Calcium . -B50 EPR 3702 L 3822 3652 3637
Barium 655 e g 1] 0 0 0
Phosphorus PR 1180 1248 1087 1132
Zing_ -G PR 1328 167 1362 226 1330 142 1311 e "
Additional Test _ | Newod [JEEBGESSE Lcauion u-cauion [EAEHSH)
Fiash Point D3 i
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon datasst size and to be used as gensral guideline

No Sign or | ] ): NORMAL | C or e AUTION | first lowel waming fimit } A or : ACTION requred (| second level warming limit §

Upper CA

atian - ol L CAUTHC val First izwvel warning Fmit in Upper lzvel andior Lower level
U-Bction - Upper ACTION requlred Level L-J\c'hon - Lower A.C'I'IOH requlred Lewvel Second level warning Bmit in Upper level andior Lower levsl

Accuracy of interpretation and recommendation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fl.. Thesapo! Land 4 Bldg., 847/28 Bangna-Trad Rd., ¥M.2, Bangna, Bangkok 10260, Thailand Tel - (B62) 361 BB00-3 Fax:(062) 381 8567

Fttpefwenw_focuslab.co th Email : focuslab@focuslab.co.th
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F% ﬂ“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAICRIES LTD. 150 9001: 2000 Certified. Page 1 of 4
Gustomer . 15004 iy :70 0910 Eng
ystomer ; |CE R&D LAB
ame A . - - .
Unit Type : Engine NGY Compression s :
Address : Faculty of Engineering . yp d P Overall Condition Rating
Chulalongkorn University Unit Make : HINO s _ NORMAL
Bangkak Unit Model: EP 100 T =R 5 %.
Oil type | 2 5 2 £
Testcode : 804 907 914 Viscosty  © SHELL RIMULA X 15W-40 o] 5 El
Site Name : NGV DDF Project g = 3,
Lube System Capacity : 24 Liters Location : =
Recommendations and Notes B\ )/ P
Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviczable at the time of sampling.
Continue routine sampling interval.
AT ! Andy Sitton
— =~ —_— = -
Current Sample r Previous Sample Alarm Limit Range
: LA SN SL S
Conditien History : M &. ?@r‘i&;‘-\ ear  Dil  Cont.  |imit Name (Equipment / Qil) :
& M| & B "M B 1 | EngineNGVHinoRimulaX
e g i gl ——ce— 16W40 (ICE)
FocusLab ID 2 a 73968 73967 \ 73392
Date sampled T ) I 23-Apr07 % 21-Apr-07 [ 09-Apr-07
Hours on Qil § & 12844 kms 11951 kms 11004 kms
Hours on Unit fud 521709 kms 520816 kms . 515869 kms
Bottle ID 8620139 862018 862017
— — -— £ e — A —_ :
Wear Condition 4 - _— 4 ks coRrss
Wear Elemsnt Unit RDEfine [RFS coarse . RDE RDE fine RFS coarse Wcasion | Ukhcien | Lauion idcion |
o6 PPM 300 IS T 20.3 2.8 0 55 >105 45 =80
Chromium PR 35 245 "R 25 1.7 0 10 >15 7 >13
Lead PPN 34 s A 28 0.0 0 10 >20 7 »13
Copper PPM 30 0z 3 31 0.3 0 12 -] >4
Tin BPM 0.0 Faé-4 0.0 6.4 1] 1 =2 12 =22
Aluminum 2l 36 FH—§ 34 14 i 12 18 13
Mickel FPM 1:3:E 2SEE 04 0.7 a 1 =2
Silver PRI 01 SO | 4 . 0.0 0.1 0
Molybdenum PPM 47 40 1 X & 35 0.0 1]
Titanium PPN 0.0 12 . 1] 0.0 1.0 1]
i LV L - (LH) ___.__I___ y N :
Qil Condition
i e —_ = = —
Viscosity @ 40 °C D445 e | 1
Viscosity @ 100 °C D445 estd A 134 C 122 133 & 143 <128 136 15 *15.7
Oxidation FTIR Abs 4 111 109 123 121 151 *»182
Mitration 7ae 76 C 81 C 6.1 76 392
TAN J 2.86 345 C 355 C 247 31 =37
TBM 3 o8 10.0 10.0¢ 140: <2 1
Contamination ) ) i
Water | FTIR Jspat) | 0.048 0.045 L. 0.047 0.053
Fusel sawW H % (W) 0.10 ] 0.10 " 0.10 0.00
Glycol =l W | ] 1] : 0
Soot HITR 6 [wWt) 0.48 0.45 o1 0.00 =3.2
Sodium Ll T T 6 i1
Silicon PRI 150 32 166 23 153 55 B 2 +30 +25
— — -
Additive Element NewOT'
Boron PR 13 12 i 13 14
Magnesium RPN \ 17 16 15 17
Calcium BPM 4236 / 4256 3743 3637
Barium Ll ] ] i} a
Phaosphorus FPM 1218 1145 1189 1132
Zineg PR 1486 168 1451 133 1418 155 1311
Additional Test
Flagh Point °C
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Mo Sign ar | ] : MORMAL | C of é.‘ ;. CAUTION {first level waming fimit ) | A or : ACTIOM required  ( second level warming limit |

red Level  L-Action :  Lower ACTION

Upper CAUTION L OH Le First level warning limit in Upper level andlor Lower level

M required Lewvel Second level warning Bimit in Upper level andior Lower level

U-Action : Upper ACTION regui
y of intem icn and lation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fl.. Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10250, Thailand Tel : {662) 361 BBOD-3 Fax : (662) 361 8567
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LubeCheck ™ - Qil Analysis for Predictive Maintenance

LABORATCRIES LTD. S0 9001: 2000 Certi Page 1 of 4
Egﬁtemr: 18004 HnlrE1D 700910 Eng
fiustomer . |CE R&D LAB , : . )
Address : Faculty of Engineering U!‘l!t Type : Engine NGV Compression Owverall (fl)lldiﬁﬂ'ﬂ Rating

Chulalongkom University Unit Make : HINO = NORMAL — NORMAL

Bangkok Unit Model: EP 100 T £ 5 &7

Oil type | p E t=] =
Testcode : 804 907 914 Vscosty @ SHELL RIMULA X 15W-40 S] 5 ET
Site Name : NGV DDF Project 8 = B
Lube System Capacity : 24 Liters Location : =
Recommendations and Notes 2ONN1779 .
Oil condition tests indicate that the oil is slightly degraded.
Mote that Ruler correlates much better with TAN than it correlates with TBN, indicating the lack of sensitivity of TBN testing.
Continue routine sampling interval.
AS | Andy Sittan
™ Curent ‘Sa I WA\ Prewous SamEIe Alarm Limit Range
‘Condition History ! l { 3\‘% ~0il  Cont.  Limit Name (Equipment / Qil) :
,H» ﬂ\ M | N ‘ N Engine NGV Hino Rimula X
] L - 15W40 (ICE)

FocusLab ID 3 . 74453 ‘ 74387 | 74263
Date sampled T F] ' 08-May-07 i 03-May-07 | 29-Apr-07
Hours on Oil = & 16484 kms 14910 kms 13950 kms
Hours on Unit K 525349 kms 523775 kms 522815 kms
Bottle ID 862022 ] 262021 . 862020

— - rw rra— = 3 =

Wear Condition

Wear Element Method  Unit wﬁe Esm“ Fﬂlﬁmﬁ“"% hlzﬁne RFS coarse | Uowion W Ui s
5

Iren D-8505 | PPM 3 0 55 »105 45 =80
Chromium 08585 | PPM 4.8 " . 3 s 0.0 0 >15 =7 13
Lead FFM 24 D.l:l ¥ 3_2 [:_u 24 0.0 0 220 *7 13
Copper PPM 5.4 f-8—¢ 47 09 38 0.1 1] 212 2

Tin PPM 0.0 58 : 0.0 0.7 ! 0.0 0.0 a =3 1
Al PRM a7 T Bl | 50 (i} a4 0.0 i =18

Mickel PEM 0s i o | 0.3 0.0 0.4 0.0 [i] >2

Silver ERM 00 e | 0.0 0.0 00 0.0 0

Molybdenum PPM 35 ik} ' 3.6 oo 248 0.0 1]

Titanium FRM | 00 00 | ‘o0 00 | 00 o 00 0

il Condition ” ) NewOl 1%L¢m" UCaui
Wiscosity @ 40 °C D445

Viscosity @ 100°C D445 oSt 131.€ 13.0 C 138 143 =129 136 i5 =157

Oxidation 5 112 14 1.2 121 151 >182

Mitration T8 “ .0 790 6.1 76 =82

TAN 325 C 253 275 247 31 37

TBM 11.1 9.6 10.0 140 =2 <

Contamination B

Water 0.048 . 0.050 0.052 0.053 15 2046

Fusl 010 \ D020 S R 1] 0.00 3 5

Glycol ' o ] : o

Soot Faii MWiwit) 053 .52 RS 000 14 222
l RFS coarse

Sadium oses | B T 7 7 11

Silicon D-8505 | PPM 142 33 171 22 14.5 1.2 0 20 =30 15 »25

Additive Element _ I _ wewtn

Boron PPM 10 11 10 14

Magnesium =FM 14 15 | 13 L7

Calcium FRI \ 3718 3682 3534 3637

Barium 2r o | o 0 0

Phosphorus PPM 1181 1114 1059 1132

Zing H FEM 1281 312 1315 370 1356 76 1311 Sl

Additional Test _ tew ) | Lol | LCauion - -Cauion | UsAgian |

Flash Point C

Viscosity Index

Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Na Sign or |\ : NORMAL | C o J = G | { first l=vel waming limit } | A or : ACTION requred  { second level warming limit )

w-c = n Lower CAUTIO First level warming Emit in Upper level andior Lower level
WU-Action : Upper ACTION requlred Lewvel L-Action : Lower ACTION requlred Level Second level warning Emit in Upper level andior Lower level

Accuracy of ime.rpreta‘hun and recommendation are based on reprasentatives sample and information supplisd Mo warranty is expressad or implied for this report.
8 FL, Thosapol Land 4 Bldg.. 847/30 Bangna-Trad Rd., KM.3, Bangna, Bangkok 102680, Thailand Tel : (B62) 361 8600-3 Fax:(BB82) 361 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIESLTD. |50 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 Himber 1700910 Eng
fustomer . |CE R&D LAB ; : : )
Address : Faculty of Engineering Un!t Type Engine NGV Compression Overall Cmm Rating
Chulalongkomn University Unit Make : HINO = NORMAL — NORMAL
Bangkok Unit Model: EP 100 T ;cé ) § 2]
il i E 1= £ =
Testcode : 804 907 94 Viscosy  * SHELL RIMULA X 15W-40 87 s E]
Site Name : NGV DDF Project L = B
Lube System Capacity : 24 Liters Location : =

Recommendations and Notes - ;\ékm P

Mote some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
Oil condition tests indicate that the oil is near the end of it's useful service life.

AS ! Andy Sitton

ample Alarm Limit Range

Curent Sa:ﬁe " Previou
- Ny )
Condition History ! l !'d &\ f\M -~ Oil Cont.  Limit Name (Equipment / Qil) :
N

& N v & AW & A | EngneNGYHino RimuiaX

4l

FocusLab ID E & 750888 2 I TA926 “'| R 7T 15W40 (ICE)
Date sampled 2 § ' 15 May-07 i 13-May-07 | 10-May-07
Hours on Ol 2 & 20257 kms. | 19012 kms 17742 kms
Hours on Unit & 529122 kms 527877 kms 526607 kms
Bottle ID 265170 | BEL 166 . BER16D
- o - e ¥ T - L — - -

Wear Condition y A A
Wear Element Method Unit  RDEfine RFS coarse | RDEfine | RFScoarse RDEfine RFS coarse _
Iron pases | PPM s 3274 397 3T 36.1 59 0 5105 45 5800
Chromium 5| PPM : 0o 56 0.1 . 43 04 0 *15 7 @13
Lead PRI 0.0 .07% k1) 0.0 28 0.0 0 =20 7 =13
Copper PPM 5 ; B 0.4 | 6.9 0.3 a =12 2 =4
Tin PPM 0.0 4 0.0 0.0 0.0 0.0 0 =2 12 =22
Aluminum PRI 00={ 43 0.0 40 0.0 0 =18 1 =25
Nickel BN 0.0—= 126 0.0 10 ¢ 0.0 0 1 =2 -1 2
Silver PRM 01 0.0 0.1 00 i
Maolybdenum PPM 3T, oo 34 0.0 a
Titanium PEM 0o 0.0 i 0.0 oo [1]
0il Condition - — New 0 | oMatien| LCaution  (+Cauion | ik |

- e L | B
\iscosity @ 40 °C s
Wiscosity @ 100 °C 129 A 129 C | 127 & 143 <129 136 i5 =157
Oxidation 120 11.8 1.7 121 =151 >18.2
Nitration B5C “ BicC 83 61 »9.2
TaN 338 C 402 A 338 C 247 =37
TBM 9.3 9.5 95 140 <2 _—
Contamination ew o couion, [N
Water FTIR (% (W) | 0.049 | 0052 . 0050 0053 015 >046
Fuel SAW | % (wt) 0.20 | 0.30 . 010 0.00 3 =3
Glycol ERRC| pbs, & ] 0 ! 0
Soot AR W [is.74 I 0.56 058 0.00
Sodium PP & 7 T 11
Silicon prM § 15.0 2.1 16.7 3.3 155 6.9 0 =30 15  »25
 Additive Element (o r =% sewas
Boron FEM -3 9 i g 14
Magnesium Fr ‘ 13 14 14 17
Calcium FPM 3530 3836 3655 3637
Barium PPV 2 ! 0 0 0
Phaosphorus PPM 1242 1201 1191 1132
Fhi PPM 1283 103 1429 108 1308 123 1311
Additional Test - ) ' | tewo [[EHRRT Loaion USauion [lken |
Flash Point aC
Viscosity Index
Other

MNote: Alarm Limits are variable and dependent upon datasst size and to be used as general guideline
Mo Sign ar | ]\ : NORMAL | C or e : CAUTION { first level waming limit } A or : ACTION requred | second level waming limit )
U-c Upper el o L-Caution Lower CAUTION Leval First level warning Emit in Upper lzval andlor Lower level
U-Action . Upper ACTION required Level  L-Action : Lower ACTION required Level Zecond level warning Bmit in Upper level andfor Lower level
y of interp ion and dation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fl., Thosapod Land 4 Bldg.. 847/28 Bangna-Trad Rd.. KM.2, Bangna, Bangkok 10280, Thailand Tel : (B62) 361 8600-3 Fax:(BE82) 361 8547
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LubeCheck ™ - Qil Analysis for Predictive Maintenance

LABORATCRIES LTD. 150 9001: 2000 Certified. Page 1 of 4
Gustomer . 18004 i :70 0910 Eng
ustomer . |CE R&D LAB
ame - H . 1 1i e .
Address.  Fucully 6F Enginasing Un!t Type : Engine NGY Compression Qverall Condition Rating
Chulalongkomn University Unit Make : HINO = =
Banghok Unit Model : EP 100 T = 5 2
Testcode : 804 907 914 Vacy  ° SHELL RIMULA X 15W-40 % 8 £
Site Name : NGV DDF Project b ) 5
Lube System Capacity : 24 Liters Location : > “

Recommendations and Notes ANN1777 .

Dirt silicon) is present and resulting in abrasive wear.

Mote TAN is above Alarm Limits.

Oil condition tests indicate that the oil is slightly degraded.

Recommend shert sampling intervals of this sample point to moniter the abnormal conditions.

AS | Ardy Siitan
" S — —
Current Sample | Previous Sample Alarm Limit Range
y R 5
Condition History l ﬁ M Wa (ﬁ\ M{‘;‘. i Cont.  Limit Name (Equipment / Oil) :
&0 &4 a8 & & | A B N | EngneNGY HinoRimulaX
= - M W o PRl W T _~ 16W40 (ICE)
FocusLab ID 3 76808 76807 | 75349
Date sampled g '—a’ 17-Jun-07 [ 15-Jun-07 \ 19-May-07
Hours on Qil = 3 24030 kms 23094 kms 21523 kms
Hours on Unit = 532385 kms 531959 kms . 530368 kms
Bottle 1D 866225 4 B66222 | 865176
- - - as e - - s
Wear Condition — s
Wear Element Unit Rﬁﬁle E.",W‘ @ﬁm ng_ﬁne RFS coarse Hmoh =
Iran PPM || MBE 05 T 75 . 395 16.0 0 &5 >105 15 >80
Chromium PRI 83 198 ¥ 78 14 6.5 31 1] > >15 7 =13
Lead PP 40 aig A€ 35 32 37 0.0 0 520 ; -13
Copper PPM 228 A 2 | 203 A 32 | 140 & azg 1] 12 =4
Tin PPM 0o 3oé oo 35 0.4 6.3 0 1 =2 12 >22
Aluminum PPM 46 ki — 4.4 15 4.5 04 1] ~18 13 25
Mickel BRI 1oc oo § 0.9 0.0 1.0 C 00 1] 332 1 22
Silver PPM 01 ooy 0.0 0.0 0.0 0.0 a
Molybdenum PPM % oo 1 < B, oo 36 0.0 1]
Titanium | | 0.0 0o | 0.0 0.2 0.0 0.0 1]
0il Condition = = ol neci R oo veiee TR
. L Py
Viscosity @ 40 °C D445 i H
Viscosity @ 100 °C D445 128 & 126 A 131 & 143 <129 136 15 -=57
Oxidation ETIR 123 122 11.8 121 151 - »182
Mitration FTIR 86 C 86 C 54 C 6.1 76 8.2
TAN D874 348 C 342 C 383 A 247 31 =3.7
TBN | D-4730 § 90 g2 93 140 <2 4
Contamination it
Water 1 ] E"P 0.043 L. 0.053 0.053
Fuel ) 0.10 0.10 T oo 0.00
Blycol i} i} 1 il
Soot % (W) 0.61 0.61 0.58 0.00
Sodium D-6585°) PPM 7 8 7 1
Silicon D-505 | PPM 19.3 € 88 208 C 104 16.0 5.1 ) J0 383 15 395
Additive Element T
Baran ¥ 05508 | Pen 8 8 i ] 1%
Magnesium Elai B! 15 14 18 W
Calcium 2P 3425 ] 3408 3802 637
Barium PPM 1] 2 li] a
Phosphorus PPN 1187 1194 1110 1132
Zine G505 FPM 1310 217 1289 143 1420 397 1311
Additional Test New I ]:MLcmm UCauton | Usktion |
Fiash Point oC
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon datasst size and to be used as gensral guideline.
NoSign or (): NORMAL coor . | {firstlevel waming imit) | A or .; ACTION requres | second level warning limit )
U-Cautior Uppar CAUTIC L-Caution Lower CAUTION Level First level warning limit in Upper lzvel and/or Lower levsl
U-Action - Upper ACTION reguired Level L-Action : Lower ACTION reguired Lewel Second level warning limit in Upper level andior Lower level
y of int: ',. icn and jation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fl.. Thosapc! Land 4 Bldg.. 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10260, Thailand Te : {B62) 361 B600D-3 Fax : {B62) 361 8547
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 3
Cusiomer . 1004 il 1703427 Eng
Kuslomer . 7CE R&D LAB - Enaine NGV Co ) _ _
nit Type : Engine mpression : 5
Address : Faculty of Engineering 5 9 P Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL| NORMAL _ NORMAL
Bangkok Unit Modet P11C =3 57 =3
Oil type | § 2. =
Testcode : 804 907 014 Viscosty ~ * SHELL RIMULA X 15W-40 a S gl
Site Mame: NGV DDF Project a7 = §=
Lube System Capacity : 28  Liters Location : =
Recommendations and Notes ~ \X\i “”777‘
All 0il conditions and oil tests appear in normal working range.
All wear conditions and wear tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
No oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.
A5 | Ardy Sitton
= —
CLII’TE' nt Sa Pre'wuus Sam e Alarm Limit Range
Condition History ﬂ : ‘\ \ Limit Name {Equipment [ Oil} :
N w { w | Engine NGV Hino Rimula X
- — ] —— i ——— 18W40 (ICE)
FocusLab ID 2 75200
Date sampled = ﬁ l 18-May-07 ] |
Hours on Oil = & 0 kms
Hours on Unit E 359160 kms .
Bottle ID 365175 ':
- e B SE——— - —
Wear Condition Nee N
Wear Element . B B L o
Iron . 0
Chromium a
Lead a
Copper 1 g
Tin a !
Aluminum 0 2
Nickel Y !
Silver 0
Maolybdenum l 0
Titanium a
Nl ey 2 Mew Gl | AR | L-Cauiion  U-Cauton | Usbgtion |
0il Condition ) ]
Viscosity @ 40 °C : P
Viscosity @ 100 °C 43 g i
Cxidation 121 >18.2
Nitration 81 >92
TAN 247 1 =37
TEN Ho <
Contamination - pem
Water [ [oa(we) | 0.046 \ ' 0.053
Fuel ¥ 9% (W) 0.20 0.00
Glycol AR a £
Soot 2 (W) 0,42 0.00
Sodium peM 17 1"
Silican_ PREM 6.4 6.9 - |- 0 =30 1 =25
Additive Element. e ———————— e
Boron § g 15 i 4
Magnesium Pt \ 20 1%
Calcium fpM 3729 / 3537
Barium rPM 4 i
Fhosphomus PPM 1354 1132
Zinc P 1323 539 1311
Additional Test New 0it | Acion | LCaution  U-Causon [ Uskction |
Flash Point fozss| oc |
Viscosity Index D-2270
Other
Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.
Mo Sign or | ]z NORMAL | C or E o CAUTION (firstlevel warning imit) | A or .: ACTION reguired | second level warning fimit )
U-Caution Ipper CAUTION Leve L-Caution Lower C First level warning limit in Upper level andior Lower level
U-Action - Upper ACTION required Level  L-Action : Lower ACTION required Level Second level waming limit in Upper level andior Lower leve!
Accuracy of interpretation and recommendation are based on rep i sample and infi it 1 Mo warranty is expressed or imphed for this report
& Fl., Thosapel Land 4 Sidg.. 847/38 Bangna-Trad Rd., KM 2, Bangna, Bangkok 10280, Thailand Tel: (562) 361 2600-3 Fax: (852) 361 8567

hitpciiwww. focuslab.co.th Email : focuslabi@focuslab coth
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- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
customer . 18004 miE, 703427 Eng
Gusmmer ¢ ICER&D LAB Unit T : Engine NGV Corpression '
Mdress + Faculty of Enginesering i Ype : Eng P Overall Cmmmm
Chulalongkorn University Unit Make : HINO = NORMAL! NORMAL| _ NORMAL
Bangkok Unit Modet P11C g1 8] =1
Oitypel . 5 = =
Testcode : 804 Q07 914 Veoliy  : SHELL RIMULA X 15W-40 o] =2 §
Site Name: NGV DDF Project @] = =
Lube System Capacity : 28  Liters Location : =

T aN\11777 -

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.,
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

VT | Ay Sitioa
Current Sa;g! Prevlous Sampjg Alarm Limit Range
Condition History ﬂ ‘:‘J ﬁ &.\ M& n.m ~oil Cont.  |imit Name (Equipment | Qil) :
N N ri) ,.:N‘\ N ) N N N Engine NGV Hino Rimula X
= —_— et - 15W40 (ICE)
FocusLab ID 2 75"2? 75636 | 75530
Date sampled " ‘§ 27-May-07 ] 25-May-07 21-May-07
Hours on Oil § & 3363 kms 2348 kms 1290 kms
Hours on Unit & 362523 kms 361508 kms . 360450 kms
Bottle ID 865188 ‘ 865184 865181
- - F F 3 E ADS | sLmEE e R
Wear Condition New 4
Wear Element Unit Rnﬁm ESW‘ @M* %E‘ﬁne RFS coarse ®@ Uaution -
Iron PERM 3.3 0
Chromium ] [I.D : CI.5 G.U 0.3 1.6 0 =15 7 =13
Lead PPM L1211 Ml 1.¥ 0.0 0.5 4.5 0 =20 =13
Copper PRM LIF i g | 0.5 0.0 0.3 0.3 0 =12 2 =4
Tin pEM Ly | 0.0 0.0 0.0 6.8 0 >2 12 22
Aluminum PEM 0.0« 25 0.0 2.1 0.0 0 =18 13 »2b
Nickel PEM 00— 7 0.4 0.0 0.3 18 C 0 >2 =2
Silver PP 0o,y 0.3 0.0 0.0 0.1 s}
Maolybdenum PPM oo~ § 0.6 0.0 " 0.1 1.1 0
Titanium PEM 0.0 0.0 0.0 0.0 1.0 i
. s & e r—te——— A | o m =7 . . .
0il Condition Mo 0L, [ - Cion W-Couion SRS
a o ! |
Viscosity @ 40 'C 1 1
Viscosity @ 100 °C 135 C 13.8 13.9 143 <128 138 5 :»'5“:
Owxidation ] 9.6 9.5 8.7 121 >15 >182
Mitration 6.1 H 5.7 5.5 6.1 =7 =832
TAN D-974 2.78 2.35 2.29 a4 iy
TBN D-4739 10.2 | 10.0 11.1 140 < A
Contamination et
Water FTIR % (Wt.) 0.045 0.047 #e, 0,042 0.053
Fuel SAW _pfl % (W) 0.10 0.10 [ oo 0.00
Glycol &ir S | ) o . 0
Soat RIIR, B % (WE) 0.46 | 0.44 0.43 0.00
Sodium [-6535 oM 41 35 33 11
Silirnn D-6535 PEM 41 0.0 ik 3.1 0.0 | 2.6 8.5 0 2 =30 13 25
Additive Element N
Boron §oe5s [ 13 14 ¥ 14 14
Magnesium D-659% | (PEM ) i6 17 i5 w
Calcium \ Cr-6595 || | BPM 3875 ¢ 387 3877 3637
Barium D-6595 ] 4] a 0 0
Phasphaorus p6s95 | PEM 1202 1243 1195 1132
Finc C-6595 PEM 1428 178 14561 438 1448 253 1311 ;
. Additional Test ) ot [m Lauion  U-Caudon | IAon |
Flash Paint D-3828 o
Viscosity Index C-2270
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
No Sign or | ] :: NORMAL | ar c s CAUTION ( firstlevel warning fimit) | A or .: ACTION required | second level warning fimit
3-Cantio Ipper CAUTION Leve L-Caution O Lewel First level warning limit in Upper level andfor Lowsr level
U-Action i Upper ACTION requlred Level L Action x LowerACT!ON requnred Lawel Second level waming limit in Upper level andlor Lowsr level
Acouracy OfintE‘I‘p(E(a“On and recommendation are based on rep i sample and ir lied Mo warranty is expressed or implied for this report.

8 Fl., Thosapol Land 4 Bldg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkek 10280, Thailand Tel: {662) 381 3600-2 Fax: (652) 3561 8567
hitp:ifwenw focuslab. co th Email : focuslab@focuslab oo th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Gustomer . 15004 5 170 3427 Eng
Customer
Name  : ICE R&D LAB i . 2 ¥ ; _
e Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL| NORMAL | _ NORMAL
Bangkok Unit Model: P11C § 7 _E. =h
Testcode : 804 907 914 Vil @ SHELL RIMULA X 15W-40 81 8 -
Site Name : NGV DDF Project 3 =] =
7 (&R
Lube System Capacity :28 Liters Location 3

Recommendations and Notes N7 77 .

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS | Andy Sitton
- - - — P
_-’ Current ::a%e i 1 Previous Samﬁ!e Alarm Limit Range
Condition History 7 l ﬂ Wud \ &E}ﬂ!ﬂ M Oil  Cont. | jmit Name (Equipment / Oil) :

N Na (ry | _N .J:J‘- N N ‘; N Engine NGY Hino Rimula X

- - ;
FocusLab 1D E ” 76483 | 76315 \ 75905 15W40 (ICE)
Date sampled g E ' 12-Jun-07 i 07-Jun-07 | 30-May-07
Hours on Oil = I 7415 kms 6046 kms 4648 kms
Hours on Unit E 36ESTS kme 365206 kms ~ 363300 kms
Baottle ID 5652 I2 ] BE6206 866199
- b v~

Wear Condition S Hew
Wear Element i o S soni | RO i REScoufe &Em s come
Iron PRI 0 »105 =45 =80
Chromium PPM D s D 3 " D 4 D.? u 7 u.u i »15 7 >13
Lead PP 0.4 0l A% 0.6 0.3 18 0.0 i =20 =7 =13
Coppar PPM 10 ro—%f 0.9 a1 | 07 0.1 0 7 =12 %] =4
Tin FPM 0.0 224~ & 0.0 26 0o 0.0 0 1 =2 =13 =22
Aluminum PR 24 o= ¢ 28 0.2 28 0.0 0 172 =18 13 =25
Nickel PPM 0.4 oo - 02 0.7 0.3 0.0 a 52 1 =2
Silver -5 PP 0.0 0.0 | 0.0 0.0 0.1 0.0 i
Maolybdenum 6505 | PPM 0.2 ok | 0.0 oo 03 0.0 0
Titanium 8505 | RN 0.0 0.0 0.0 0.2 " o - oo 0
‘0il Condition = > e
\iscosity @ 40 °C 2 -}
\iscosity @ 100 °C 128 4 128 C 132 ¢C 143 =129 <136 =15 >157
Oxxidation 10.3 10.3 a7 12.1 151 »182
Mitration 69 “ 6.7 6.3 6.1 7.6 =92
TAN 254 0.71 311 C 247 11 =37
TBN 10.6 | 10.4 103 140 <2 4 ;
Contamination e |
Water FTIR [ % (Wt} 0.046 0.047 0.044 0053 15 *0146
Fuel SAW % (Wt) 0.10 i D.10 X 0.10 0.00 3 5
Glycol FRiRe"l _Abs ] 0 ] l a
Soot Emg 18 e 048 047 047 0.00 =22

l
Sodium PP 38 41 ar 11
Silicon PPM 2.8 00 | 36 20 37 0.0 a >30 15 225
Additive Element a Mew Bl |
Boran EEM 11 13 13 14
Magnesium P 15 18 | 16 7
Caleium ehnt B\ 3age 4174 3605 3637
Barium 2rM 0 | 0 1 0
Phosphorus PPM 1151 1158 1275 1132
Zing PRM 1286 262 | 1622 235 1410 333 1311 =
Additional Test i -auin [ A |
Flash Point oC:
Wiscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as gensral guideline.

No Sign ar [ N - NORMAL | C or "c ¢ CALITION { first level waming imit) | A or . : ACTION required (| second level warning limit )

Cautior Upper CALF _ower CA Leyel First level warning imit in Upper level and'or Lower |evel
U-Action . Upper ACTION required Level L -Action :  Lower ACTION required Level Second level warning Bmit in Upper level andfor Lower level
Accuracy of interpretation and recommendation are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.

8 FL., Thosapol Lard 4 Bidg.. 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10260, Thailand Ted : {BB2) 361 8600-2 Fax : (BB2) 381 8567

hittp: wanw focuslab.co.th Email : focuslab@focuslab.co.th
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%ﬂ“s LubeCheck ™

- Oil Analysis for Predict

149 11192 Alawmg

ive Maintenance

[ABORATORIES LTD. Page 1 of 5
Gustomer . 18004 foib - 70 3427 Eng
ustomer
FUSiomer . JCE R&D LAB : : : _
Unit T : E NGV Co 3 .
Address : Faculty of Engineering n! ype : Engine mpression Overall Condition Rating
Chulalonagkorn University Unit Make : HINO = = NORMAL
Bangkok Unit Modet P11C 5 g 5!
il type / ; 5 = S
Testcode : 804 007 014 Viscosty  + SHELL RIMULA X 15W-40 G 8 E]
Site Mame: NGV DDF Project % = g_
Lube System Capacity : 28 Liters Location

ANNI1777.

Recommendations and Notes

Note TAN is above Alarm Limits.
Mote abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform

laboratary with next sample.
Recormmend short sampling intervals of this sample point to monitor the abnormal conditions.

AZ | Andy Sitton
2 r 2 T L~ —— >
- Current Sample Previous Sampie Alarm Limit Range
Condition History Wear | Ol Cont, 3 Wear. Ol Cont. W‘ Cont.  Limit Name (Equipment / Oil) :
2 ‘ ﬂ\ 12 e AN | N 'y N Engine NGV Hino Rimula X
x - == 9 LW - W T
FocusLab ID 3 |- 77639 ' 77484 ! 77001 TAO HCE)
Date sampled ] - 02-1ul-07 30-Jun-07 22-3un-07
Hours on Oil § & 11192 kms ‘ 10163 kms 3856 kms
Hours on Unit & 370352 kms 1 363323 kms 368026 kms
Bottle ID 866250 ! 866245 866235
§ L ¥ e | S

Wear Condition faia i
Wear Element  Method Unit kﬂlne'trs coarse - W RFS mm* ﬂﬁm RES e
Iran -5555 PPM 1a%. 4 0.0
Chromium PEM 0.5 ot u 4 0.0 n 3 0.0
Lead pEM 1.4 00 7 0.8 [ 1.4 0.0
Copper pPM 341 A 15" 3.9 0.0 1.4 0.2
Tin PEM 0.0 (i 0.0 0.0 0.0 0.0
Aluminum pRM 2.2 o071 2.0 0.0 2.4 0.0
Nickel PRV 0.4 s 0.z 0.0 0.3 0.0
Silver gt 0.0 00~ | 0.0 0.0 0.0 0.0
Molybdenum PPM 0.4 0.0 0.8 0.0 0.6 0.0
Titanium ool 5 0.0 10 | 0.0 0.0 o 0.0 0.0 0

L — - : . :
0il Condition NewOil | LAciaa  L-Cauion  U-Cauton | UbAgion |

E = = e - = | |
Viscosity @ 40 °C
Viscosity @ 100 °C el 124 A ' 125 A I 1264 143 <128 157
Oidation Abs 11.4 1.1 10.5 121 5182
Nitration abs 7.4 7.3 7.0 6.1 82
TAN y 3.62 C 314 C 2.78 247 >3
TEN 9.7 8.3 10.6 1o <2
Contamination e
onta r—%

Water 0,049 0.049 0.053
Fuel 0.10 L oz 0.00
Glycol 1] o
Soot 0.51 0.51 0
Sodium 42 ! 39 Dy
Silican 18 Y 34 0.0 3.4 00 || © . 30 {5 .6k
Additive Element al~rfall'EhEI‘IaYaX VN0 gl o L |
Boron 9 i1 4
Magnesium / 15 17 T 7
Calcium 3476 3907 3637
Barium 3 0 0
Phaosphorus 1186 1243 1132
Zinc 142 1215 L 1372 348 1311
Additional Test ) ) New Ol | LAgion | L-Cavion  U-Cauton | UrAgion |
Flash Paint D-3828 oc
Viscosity Index D227
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
&

NeSign or (] : NORMAL { first level warning limit ) | A or 1 ACTION reguired |

-Ca Ippe Tl Wl e )]
U-Action - Upper ACTION required Level  L-Action
Accuracy of interpretation and recommendation are based on rep

Lower CA
Lower N:'HON requnred Lewel
sample and in tion supphied.

First level warning limit in Upper level andlor Lowsr level
Second level waming limit in Upper level andior Lowsr level

second level warning limit §

Mo warranty is expressed or implied for this report.

8 Fl., Thosapol Land 4 Bidg.. B47/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand
hitp:iiwww. focuslab.co.th

Tel : (662) 361 8600-3 Fax: (BG2) 361 8567
Email : focuslab@focuslab.coth
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LubeCheck ™ - Qil Analysis for Predictive M

LABORATCRIES LTD.
Gustomer . 15004 - 170 3427 Eng
fustomer . |CE R&D LAB : § . )
Address : Faculty of Engineering U"Et Type : Engine NGV Compression Overall Condition Rating
Chulalengkorn University Unit Make : HINO i
Banghok Unit Model: P11C = r & -
Oiltypel . E i =
Testcode : 804 907 914 Viem%y ¢ SHELL RIMULA X 15W-40 S 8 E]
Site Mame : NGV DDF Project % =] 3,
Lube System Capacity : 28 Liters Location : =

Recommendations and Notes ANN1777.

Mote abnormal copper detected.
Recommend check for other abnormal operating parameters, i.e_, vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Oil condition tests indicate that the oil is slightly degraded.

AS ¢ Angy Sefon

=
= =

Current Sample Previous Sam e Alarm Limit Range

Condition History ﬁ“ﬁl’“ “—g g&—\%“%ﬁr ConL Limit Mame (Equipment | Qil) :
4 A0 B N 1 . B | Engine NGV Hino Rimula X

FacusLab ID 3 " 79498 i 7695} -‘. 77830 ELIcR
Date sampled ] F D4-Aug-07 | 07-Jul-07 05-Jul-07
Hours on Ol § & 14055 kms 13288 kms 12222 kms
Hours on Unit 2 373215 kms i 372449 kms . 371282 kms
Bottle ID i 8681 ?3 D o 866256 | 866252

- - = 2
Wear Condition red
Wear Element  Method  Unit nﬂ'm ‘f§&a¥w—frﬂE se RDEfine RFS coarse
Iron 8585 ¥ 1.7 7.1 1.2 105
Chromium u_s a_u i u_g 0.0 1.0 05 »i5 7 >13
Lead 0.3 (1 R 18 0.0 15 0.0 =20 ;=13
Copper 4745 A 1074k © 3640 A 164 & 2107 & 65 A =12 : >4
Tin oo o0 —+ 0.0 0.0 0.0 0.3 =2 12 =22
Aluminum 20 et 35 0.0 23 0.0 =18 13 =25
Mickel 0.0 0047, 0's 0.0 0.3 0.0 =2 52
Silver 0.0 o} 01 0.0 0.0 0.0
Moiybdenum 0.0 0.0 o7 0.0 0.z 0.0
Titanium 0.0 00 | 0.0 0.0 oo A, ) 02
Oil Condition — - | N i [ i usuion R
Viscosity @ 40°C
Viscosity @ 100°C 12904 1238 12374 143 <128 <138 5 #1517
Oxidation 125 117 118 121 5 >182
Nitration 76 C 71 74 6.1 78 =82
TAM 274 373 A 4678 247 1 =37
TBN 3 8.8 | 8.1 9.8 o 2 4 S
Contamination 0z . | et Uceuion RN
Water [ AR e | 0055 =¥ 0.5 T 0051 0.053 15 G
Fuel SEm e 1y 1} 020 : fi ki f 0.00 3 a5
Glycol FTR Abs i) o o
Soot ARl | %) 0.58 0.79 053 0.0 14 22
Sodium PPN 44 42 46 1
Silicon | B PPM 45 00 45 08 § , 3.5 1.1 o 3 30 15 =25
AddifveClepeni\ll e s O on su on LA la s o A A o Lot o R
Boron D-6505 | #RFM \ 8 g 3 1
Magnesium D-5583 M 14 / 16 168 ] i
Caleium DB5a5 | PPN 3416 3596 3730 =37
Barium PPM 5 i} o o
Phosphorus FPM 1191 1188 1134 1132
Zine PR 1268 B0 | 1439 126 1474 153 1311
Additional Test Mese il mb&mﬁnn U-Caution
Flash Paint 1 sl ¢ |
Wiscosity Index C-2270
Other

Mote: Alarm Limits ars variable and dependent upen datazet size and fo be used as general guideline.

No Sign or (\J}: NORMAL , Coor E? . CAUTICN (finstlevel wamning Bmit) | A ar .; ACTION required  { second level waming limit )

- n Upper CAUTION Level 5 Cautior Lower CAUTION | First level waming lim# in Upper level and’or Lower level

U-Action : Upper ACTION required Level L Am.icn o Lower ACTION required Level Second level waming imit in Upper level andlor Lower leve!

& y of interp ion and dation are based on rep ives sample and inf; ton supplisd. Mo warmranty is expressed or implied for this report.
8 Fl., Thosapal Land 4 Bidg . 847738 Bangna-Trad Rd.. KM.3, Bangna, Bangkok 10280, Thailand Tel - (662) 361 86800-3 Fax : (662) 351 8567

hitp:f'www.focusiab.co.th Email : focuslabi@focusiab.coth



355

91071 9-62 wanluseuNaNIIMAAELIINNUNABAUAINLATAIUE lWsniaaIN 70-3427

Aldrinsup e TN UAN 9NN A 97T N 15093 D9 17171 nlalums

LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABCQRATCRIES LTD. Page 1 of 5
ggﬁglmer: 18004 H"'t D 703427 Eng
fusiomer ; [CE R&D LAB S — ) _
Address : Faculty of Engineering “_ ype : =ngie e Overall Condition Rating
Chulalongkorn University Unit Make : HINO = ACTION = NORMAL
Bangkok Unit Modek P11C =2 48 2
Qiltpe! . SHE| RIMULA X 15W-40 3 B
Testcode : 804 Qo7 a14 Viscosity . ol E.
Site Name: NGV DDF Project § =
Lube System Capacity : 28  Liters Location

Recommendations and Notes 2ONN17779 .

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, neise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Oil condition tests indicate that the oil is near the end of it's useful service life.

AZ | Andy Sitton

— e e

“Current Sample Previous Sampie Alarm Limit Range
Condition History ﬂﬂﬁllﬂ yﬁa ﬂi \,c‘!“ﬁ- “E:w Cont.  Limit Name (Equipment | Oil) :
. ‘ F . . .\N { . c N Engine NGV Hino Rimula X

FocusLab ID E | ' 79779 | 79499 1awio )
Date sampled i E ll-Aug—U? 09-Aug-07 06-Aug-07
Hours on 0l § & 17171 kms 16127 kms . 15093 kms
Hours on Unit & 376331 kms 1 375287 kms 374253 kms
Bottle ID V. 865176 ' 868175 | 868174
- - . e — . - = - -

‘Wear Condition L < 4
Wear Element  Method Unit  RDE fine | RFS coarse . RDE
8 3 £

2f

UCaution |

Tron 3. 599 ] 8.9 0.0
Chromium 0.8 Ll 0.8 0.8 0.0
Lead 0.6 S | 17 1 1.0 0.0
Copper 5175 & kv S 25 B A 597.6 A 15.4 A
Tin 0.0 . e s | 0.0 0.0 0.0
Aluminum 3.3 od—f 332 3.0 0.0
Nickel 0.2 0.0y 0.5 0.2 0.0
Silver 0.0 i Ll | 0.0 0.1 0.0
Maolybdenum 0.0 0.0 0.9 1.0 0.0
Titanium 0.0 oo} 0.0 0.0 0.0
o B e o
0il Condition |
Viscosity @ 40 °C
Viscosity @ 100 °C 119 A H 121 & 12.0.4 143 =128 =138 =15 167
Cxidation 13.7 13.1 12.7 21 51 182
Nitration 7ac 78 C 76 C 61 T
TAN 2.52 3.82 A 2.66 247 =31 =37
TBN 8.3 8.5 8.6 “o <2
Contamination 0 - _ e b |
Water FTIR o % (W) | 0.050 T Toost T 0048 0053 5 2048
Fuel sa 3 V) ¢ 0.10 0.10 : @10 0.00 =5
Glycol FIIR Abs 1] [1] o
Soot RITR [ % e 0.57 0.59 0.57 0.00
Sodium C-6595 PEM 52 48 44 P
Siliran L oesss | pewm 4,0 1.7 | 4.7 03 | 5.1 0.0 ¢ 2 230 | 595
AddineE RG22 O L Lo L0 10 DA A 0N 01 sl
Boron D-659% | (PRM Y v 8 8
Magnesium ‘ D-6595% PPM 16 ] 16 16 1
Calcium D-6535 | PPM 3709 3620 3509
Barium 6595 PEM a 0 7
Fhosphorus D-6535 PRM 1020 1146 1211
Zinc 06595 | pem 1358 129 | 1324 131 1296 79
Additional Test L-Caution  U-Caudion | |
Flash Point D-3828 oc
Viscosity Index D-2270
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or [ f]s: NORMAL | ar c o CAUTION ( firstlevel warning fimit) | A or .: ALCTION required | second level warning fimit

3-Canstion Upper CAUTION Leve L-Caution N Level First level waming limit in Upper level andior Lowsr level
U-Action - Upper ArCTlON requ:red Level L-Action x LowerACT!ON requlred Level Second level waming limit in Upper level andlor Lower level
Accuracy of interpretation and recommendation are based on reor ives sample and ir lied. Mo warranty is expressed or impled for this report.

8 Fl., Thosapol Land 4 Sldg., 847/38 Bangna-Trad Rd., KM.2, Bangna. Bangkok 10280, Thailand Tel : (662) 361 8600-3 Fax: (862) 351 8567
tpfwmew focuslab. co th Email : focuslab@focuslab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRES LTD. 150 9001; 2000 Certified. Page 1 of 5
Gusiomer . 18004 ohber 1703427 Eng
fustomer . yCE RRD LAB . ) ) _
Address : Faculty of Engineering Unit Ty - Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : HINO = ACTION — NORMAL
Bangkok Unit Modet P11C £ Ei £7
Oiltype! . N = k=
Testcode : 804 907 914 Viscosity ~ : SHELL RIMULA X 15W-40 o s =
Site Mame: NGV DDF Project g = 8]
Lube System Capacity : 28  Liters Location :

Recommendations and Notes . Q\\\‘ 1’ W -

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Qil cendition tests indicate that the oil is near the end of it's useful service life.

AS [ Ardy Sitton

ent Sam Previous Sampie Alarm Limit Range

“Current Sample z
Condition History ﬁﬁ: M ﬂ% \ﬁ:ﬁ- &‘gﬂfw Cont.  |imit Name (Equipment | Oil) :
. ‘ N‘ - ,e, N L . £ N Engine NGV Hino Rimula X

|
FocusLab ID 3 [ B =} “B0144 " 79033 Lo en
Date sampled " - 20-Aug-07 17-Aug-07 14-Aug-07
Hours on 0il § & 20274 kms 19478 kms . 18197 kms
Hours on Unit = 373434 kms 1 378638 kms 377357 kms
Bottle ID | 863179 ' 268178 868177
- F 3 -_— . 4T USSR . = - —
Wear Condition ALY T i
Wear Element Method Unit R‘ﬁn&‘lﬁ unarsg.‘ gw:', & ﬁne RFScoarse @ UGanin
Iron [-6595 PRM 9.2 : 2 4— 1.9 0
Chromium [-65595 ] 1.0 !}.4 X U.B 0.7 l.]. 0.0 0 13
Lead D-6595 PPM 1.3 L1 | 0.5 47 | 1.6 0.0 0 =13
Copper D-6595 PEM 445.9 A& 18150 3708 A 15.3 A 589.7 A 245 A 0 2 =4
Tin [+6595 PRM 0.0 0.5 = 0.0 2.8 0.0 11 0 =2 222
Aluminum [-6555 PEM 2.6 01 2.3 0.4 3.2 0.0 0 =18 1 525
Mickel D-6535 PPM 0.1 0o, .y 0.0 0.4 0.4 0.0 0 1 2 =2
Silver [-6595 PPt 0.0 0.0 1 0.0 0.0 0.1 0.0 0
Molybdenum 2= 2] 0.1 0.0 0.0 1.1 l 0.5 0.0 0
Titanium ‘_F'F""- - 0.0 00§ 0.0 i — 0.0 -y 0.0 0 T P
0il Condition b i Whain
- = g e =
Viscosity @ 40 °C D445 ot i
Viscosity @ 100 °C D445 d 117 A 118 A I 11.6.4 143 <128
Oxidation FTIR 14.5 14.3 13.4 121
Nitration FTIR 8.0 C 79C 7B C 6.1
TAN D-974 244 2.30 2.72 247
TEN D-4739 7.8 7.7 8.2 | 14y < 4
Contamination 0 J b
Water FTIR of % (Wt) | 0.056 T T 0.048 0.053
Fuel S | W) a.10 0.10 | @.10 000
Glycol FIIR Abs 1] | (1] o
Soat LR | % pu) 0.59 0.57 0.58 0.0
Sodium D-6535 PPM 53 58 47 o]
silicon 406555 | pem 4.4 0.6 3.8 10 4 4.7 0.7 0 2 530 | 25
Additive Element. W VWaValall BN TaYaY. V. ¥ ARYL L
Boron ‘ Z TR 5 5 6 1 "
Magnesium D-653% | (5P 15 ] 13 16 17
Calcium D-65395 PRM 3406 3294 3440 3837
Barium D-6595 PPM 0 1] 0 0
Phosphomus D-6595 PPN 1108 1028 1070 1132
Zinc D-6595 PEM 1271 94 1249 88 1289 107 1311 BN
Additional Test i Mew Oil | LAsien | L-Caution
Flash Paint oC
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and o be used as general guideline.
NoSign or (N[}: NORMAL , - or . (frstlevel wamning mit) |, A ar .; ACTION required  { second level warning fimit )
J-Cautior Upper CAUTION Level L-Caution Lower CAUTION Level First level waming limit in Upper level andior Lower level
U-Action i Upper ACTION required Level  L-Action E LWEI ACT!ON required Lewvel Second level waming limit in Upper level andior Lowsr level
Accuracy ofinte.rpretauon and recommendaticn are based on rep ives sample and inft tion supplied. Mo warranty is expressed or implied for this report.
8 Fl., Thosapol Land 4 Bldg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Banghkok 10280, Thailand Tel: {662) 361 83600-3 Fax : (B62) 361 8567

hitp:fiwenw. focuslab. co th Email : focuslab@focuslab.coth
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. Page 1 of 5
Ghsiomer . 18004 Wihier 703435 Eng
fistomer : [CE R&D LAB T )
Address - Faculty of Engineering “! YES e i b Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL NORMAL| _ NORMAL
Banghok Unit Modek P11C = 5] =]
0l type | . 5 = =
Testcode : B804 907 914 viscosity ¢ SHELL RIMULA X 15W-40 Of 3 El
Site Name: NGV DDF Project g, =1 E,
Lube System Capacity : 28  Liters Location

Recommendations and Notes O\

All wear conditions and wear tests appear in normal working range.

All 0il conditions and oil tests appear in normal werking range.

All contaminant conditions and contaminant levels appear in normal ranges.
Continue routine sampling interval.

W/ Andy Sitton

—
= _— ‘v — == —
Qurrent Sar Pl’E’\.I’ICﬂJS Sample Alarm Limit Range
Condition History l /::‘l ﬂd ‘i&\ M L \t Limit Name (Equipment / 0il) :
N w I‘j) ENY Nb Engine NGV Hino Rimula X
- — e — e — 15W40 (ICE)
FocusLab ID 2 7492}' 74718 1
Date sampled 5 H 12-May-07 ] 08-May-07
Hours on Oil ﬁ é 1005 kms 0 kms
Hours on Unit P 351067 kms 350062 kms .
Bottle ID 265164 1 865158
- - A rew —
Wear Condition New
Weae clement _ picthod_umit_Rogfioe [FSiaC bl R >
Iran D-6595 PPM | 0
Chromium 95 0.2 G.D ’ 0.4 0.5 0
Lead 0.0 oAt 1.0 2.8 0
Copper 0.3 iR 0.1 09 | 1}
Tin 0.0 L i | 0.0 3.0 o
Alumninum 1.8 18| o 2.0 0.0 0
Nickel 0.5 00— = 0.7 0.7 0
Silver 0.1 DO § 0.1 0.0 0
Maolybdenum 0.1 (11 e 0.7 0.1 0
Titanium 0.0 00 | 0.0 0.5 i £ Bo. . .
0il Condition Mew Oil | LAt | L-Caution  U-Caution | U-Action
Viscosity @ 40 °C i i 1
Viscosity @ 100 T | 140 14.4 143 <28 <13 15 #1AF
Crxidation 'l 9.4 9.2 121 >182
Nitration 5.3 4.8 6.1 T E >32
TAN 2.42 242 247 31 237
TBN 10.7 74 h j 140 <2
Contamination i
Water | PR [ (we) | 0.044 0.063 1 0.053
Fuel saw [ ae ) 0.10 Y o3 1 .00
Glycol FFIF s 4 i) 0 1
Sooct IR | f % (WE) 0.44 I 041 0.00
Sodium e 12 10 1
Siliran PPM 2.5 0.6 . 5.3 4.3 - I} 2 =30 15 =25
Additive Element. i New il
Boron PER 13 15 i 14
Magnesium S| \ 12 17 "y
Calcium PeM 36877 ! 3541 3637
Barium Peet 0 2 0
Phosphoruz PEM 1174 1184 1132
Zinc PPM 1387 135 1378 140 3 o .
Additional Test ) Hew il [ CActien | LCauton  (-Cauion | Wohzton |
Flash Point | I ¢ |
Viscosity Index
Other
Mote: Alarm Limits ars variable and dependent upon dataset size and fo be used as general guideline.
NoSign or () : NORMAL | C or -““ s CAUTION | first level warning limit) | A or .: ACTION required | second level warning fimit
Caution Ipp ON Level L-Caution Lower CAUTION Lewvel First level warning limit in Upper level andlor Lower level
U-Action . Upper ACTION required Level  L-Action :  Lower ACTION required Level Second level wamning limit in Upper level andior Lower level
Accuracy ofinte‘rpretaticm and recommendation are based on representatives sample and information supphed. Mo warranty is expressed or impied for this report.
8 Fl., Thosapol Land 4 Sidg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Sangkok 10260, Thailand Tel : (662) 361 8600-3 Fax : (862) 381 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Gustomer . 18004 Btk 703435 Eng
Gusiomer . yeoE RRD LAB = o ) _
Address . Faculty of Engineering U“!t Type: : Endme:NCY Compraesn Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL! NORMAL| _ NORMAL
Bangkok Unit Modet P11C £ £ =1
0il type | . s = =
Testcode : 804 907  O14 Qaot&) @ SHELL RIMULA X 15W-40 37 5 £
Site Name: NGV DDF Project 3 = g
Lube System Capacity : 28  Liters Location B =

Recommendations and Notes - Q{< “!’ ' 7 7‘

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AZ [ hrely Sitton
Samp]e Alarm Limit Range

I curre nt Sa}glp Previ
Condition History l ﬂd '&\ m h ol Cont.  [imit Name {Equipment | Oil) :
N N ry ' N {N\ N N N N Engine NGV Hino Rimula X

- —_— - [ 'I'V: - - - - = J
FocusLab ID 2 75531 75350 | 75089 R
Date sampled ® § 22-May-07 [ 18-May-07 15-May-07
Hours on Oil ﬁ & 4238 kms 3262 kms 1773 kms
Hours on Unit & 354300 kms 353324 kms . 351835 kms
Bottle ID 365183 u 865177 865169
E - - iy B s LAEE o

Wear Condition

- —— - Hew
WesrElement  ethod nit Rogline RS coaid  hoR inEluikeoarie DE e Rrscomse O oo
Iron D-5595 PRM 3.7 15 4.4 1.5 3.4 0.0 0
Chromium PRM 0.1 1.5¢ ¢ 0.5 0.8 . 0.1 0.0 g
Lead PEM 0.4 sig < f 1.0 0.0 0.2 0.0 0
Copper PEM 0.6 Li v | 0.6 B3 | 0.4 0.0 0
Tin PEM 0.0 84 0.0 140 C 0.0 0.0 i
Aluminum PEM 1.7 4 W — 2.6 0.0 1.6 0.0 0 2
Mickel PPM 0.0 26AF 0.3 0.2 0.4 0.0 0 1
Silver PPM 0.0 18 iy 0.0 0.0 0.1 0.0 0
Molybdenum 06595 | PPM 01 24~ ) 0.0 0.0 0.3 0.0 1
Titanium [-6595 L DPP:!‘ 0.0 1.2 | 0.0 0.0 0.0 Y - 0.0 0 e
0il Condition - et [m ECberslt Cartiva 3

g - — - =
Viscosity @ 40 °C D445 = | 1 1 = 1 X
Viscosity @ 100 °C D-445 o5k 134 C 13.6 I 139 14 3 =128 138 g = 5_
Oxidation FTIR Absfl 9.8 9.4 9.4 121 151 =182
Nitration FTIR Abs 6.2 5.9 5.6 6.1 78 =82
TAN D974 257 233 2.50 24 37
TBN D-4739 10.3 10.6 10.9 o < A I
Contamination = e |
Water 0,044 0.044 . 0.049 0.053 5 >046
Fuel 0.10 t oo 1 0.20 0.00 5
Glycol 1} 0 1 B
Soot 0.47 I 0.47 0.45 0.00 4 =12
Sodium 65357 PPM 16 13 12 b
Silicnn D-5535 PR 2.1 3.2 . 3.2 0.3 L 2.4 0.0 0 B =30 | 325_
Additive Element __ . JEset
Boron PER b3 12 i 12 1
Magnresium a2y B iz i3 12 W
Calcium REM 3797 L) 1526 3481 3837
Barium PR 0 a L] 0
Phosphorus D-6535 PPM 1131 1157 1257 1132
Zinc [-6595 PEM 1393 156 16397 693 1307 307 1311 . s
Additional Test Heww Gil | Cstin | L-aution  U-Cauion |
Flash Point oC |
Viscosity Index
Cther
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSign or | f\]i: NORMAL | C or ¢ o CAUTION (first level warning fimit) | a or .: ACTION required | second level warning fimit §

J-Caution Ipper CAUT L-Caution Lower CAUTION Level First level warning limif in Upper level and’or Lower level
U-Action A UpperACT!ON require\:l Level L-Action o Lower ACTION required Level Second level waming limit in Upper leval and'or Lowsr level
Accuracy ofintE‘rpretanon and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or impfed for this report.

8 Fl, Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.2, Bangna. Bangkok 10280, Thailand Tel : (B62) 361 8600-2 Fax : (BG2) 361 8567
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LubeCheck ™

- Oil Analysis for Predictive Maintenance

[ABORATCRIES ITD.

Page 1 of 5
Gustomer . 18004 b, 70 3435 Eng
ﬁg,';}gm“: ICER&D LAB Unit T : Engine NGV Compression ’ ]
Address : Faculty of Engineering 5 ype : =ng P! Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL = NORMAL
Banghok Unit Modek P11C =] g &7
Oitype/ . s = =
Testcode : 804 907 914 Visci%y  : SHELL RIMULA X 15W-40 37 8’ E
Site Name : NGV DDF Project ED = §=
Lube System Capacity : 28  Liters Location =

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.

All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

Recommendations and Notes

AZ | hrdy Sitten
Currant ba'n}. y Prewous Sampie Alarm Limit Range

Condition History l m &\ Gwﬁk\ m oil Cont.  [imit Name (Equipment / Gil} :

N N 40 ‘ Ny N N Engine NGV Hino Rimula X

— - —— —— 15W40 (ICE
FocusLab ID E 76351 76055 B 75723 (1CE)
Date sampled & ‘é ' 08-Jun-07 | 05-Jun-07 ) 28-May-07
Hours on Oil .E ﬁ*_ 7755 kms 6752 kms 5735 kms
Hours on Unit A 357321 kms 396814 kms ‘ 355797 kms
Bottle ID 866210 L. 866204 ... 866198

Wear Condition

New

Wear Element kol S SieC ST N (e [R5 cparee | ™

Iran b . 0.0 0

Chromium 0.4 G.Cl ? G.G G.]. 6.4 0.0 0

Lead 0.3 (15 : 0.5 0.0 1.0 0.0 0

Copper 1.0 i LT B2 1 0.8 0.0 0 23

Tin 0.0 0.0 4 0.0 158 0.0 0.0 0 1 =2 > 222

Aluminum 1.6 4 ¥y — 2.4 0.0 2.2 0.0 0 =18 1 =28

Nickel 0.3 [+ X R 0.4 0.0 0.3 0.0 0 =2 =2

Silver 0.1 [1 K1) " 0.0 0.0 0.0 0.0 0

Malybdenum 0.0 1 0.0 0.0 02 0.0 0

Titanium 0.0 0.0 0.0 0.4 0.0 ¥ - 0.0 0 —— —

0il Condition New Dil In_.ﬁg@g;m«m mm;m
AR e - - —ir ¥ |

Viscosity @ 40 °C 5 =7 | H H

Viscosity @ 100 °C D-445 ead ] 132¢€ 133 C 13.4 .G 143 <128

Oxidation FTIR Abs—g 10,1 M 10.2 9.8 121

Mitration FTIR Abs 6.8 6.8 6.5 6.1

TAN D974 1 J 2.27 2.87 2.53 2

TEM D-4733 T 10.4 10.3 10.3 140 <2 ) =
Contamination e v

Water 0,050 '] 0,046 0.053 =48

Fuel 0.10 1 0.10 0.00 5

Glycol 0 I ]

Soot 0.48 0.48 0.00 14 =22

Sodium 17 16 11

Silicnn 0B 2.9 0.0 - 3.4 0.0 0 T =30 35
Additive Element il

Boron 10 11 | i1 14

Magnesium y 11 13 13 W

Calcium 3412 ] 3645 3841 I83T

Barium [i} 0 1] 0

Phosphorus 1054 1107 1196 1132

Zinc 1279 124 1327 267 1408 117 T ] W

additional Test NevwOil | hcten | L-Cauton  (-Cauton | Bikction |

Flash Point ac

Viscosity Index

Other

Mo Sign or (] : NORMAL |

C or

G I

{ first level warning limit ) |

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.
: A or .: ACTION recuired  { second level warning fimit )

Jpper CAUTION Le L-Caution Lo

U-Action - Upper ACTION requlred Level L-Action Lower ACTION required Lewvel
Accuracy of interpretation and recommendation are based on representatives sample and information supplied.

First lewel warning limit in Upper level andior Lowsr level
Second level waming limit in Upper level andior Lower level
Mo warranty is expressed or imphed for this report.

8 Fl., Thosapol Land 4 Bidg.. 047/38 Bangna-Trad Rd., KM.2, Bangna, Banghkok 10280, Thailand
hitp:iiwww focuslab.co.th

Tel : (B62) 361 8600-2 Fax: (6562) 261 8567
Email : focuslab@focuslab coth
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- Oil Analysis for Predictive Mai

LABORATCRIES LTD. Page 1 of 5
Customer . 38004 g :70 3435 Eng
fiistomer ; ICE R&D LAB s e g ;
PN Un!‘t Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : HINO = = NORMAL
Bangkok Unit Modek P11C E 5 £
0il type | = 5 = =
Testcode : 804 Q07 914 Yiscosity * SHELL RIMULA X 15W-40 Q S E
Site Name : NGV DDF Project ] = g
Lube System Capacity : 28  Liters Location =

Recommendations and Notes N \\ mﬂl -

Note abnormal copper detected.
Recommend short sampling intervals of this sample point to monitor the abnormal conditions.

A5 | Ardy Sitton
™ Curent bar: ﬁ Prevlous Samp Alarm Limit Range
Condition History ‘““J &\ k oil Cont.  Limit Name (Equipment | 0il) :

—
le

_.c / N F-3 N Engine NGV Hino Rimula X
- — - - ‘. P - ,‘.. ——mw = 15W40 (ICE)

FocusLab ID o 77002 76809 \ 76741
Date sampled z E ( 22-Jun-07 18-Jun-07 15-Jun-07
Hours on 0il % i 11017 kms 10016 kms 9015 kms
Hours on Unit R 361079 kms 360078 kms 359077 kms
Bottle ID 866236 A 866228 ! 866217

- - - habee WE AL - : - ‘- -
Wear Condition A\ Wew
Wear Element Unit unlﬁe Esm!yﬂ‘ RDE fine | RFScoarse  RDE fine RFScoarse
Iron PEM ¥ 5.4 0.6 5.8 12.5 0
Chromium PeM I.D 0.0 ; 0.6 0.5 . 0.6 0.4 0 =15 7 =13
Lead PEM 1.9 0.0 - 0.7 0.0 13 0.0 0 =20 7 >13
Copper PEM 96.1 A T — 0.8 15 0.5 0 =12 z =4
Tin PEM 0.0 IR 0.0 o | 0.0 2.0 0 >2 12 =22
Aluminum PEM 2.4 na—=§ 21 102 2.0 0.0 0 =18 13 =25
Nickel PEM 0.7 L o | 0.2 0.0 0.5 0.0 [} =2 =2
Silver PEM 0.1 0.0.. | 0.0 0.0 0.0 0.0 0
Melybdenum pPM 1.2 0.0 0.7 R | 0.8 0.0 0
Titanium : Petd 0.0 0.0 0.0 00 | 2.0 0.0 0 =
0il Condition ’ £ ) Yewdi] j !-Coution - U2l

Viscosity @ 40 C

Viscosity @ 100 *C 129 A 128 & 13.0 C 143 <128 3.6 ':‘Si

Cxidation 10.9 10.6 10.4 121 5 *182

Nitration 744 I 7.2 7. 61 78 292

TAN 2.96 2.61 2.68 247 31 237

TEN 9.9 10.2 119 1o < 4

Contamination Ll AbE£cton.

Water FIIR |2 (We) | 0.048 0.050 0.046 0.053

Fuel saw 26 (W) 0.10 | 0.10 X 0.10 0.00

Glycol FEIR Abs 3 h} 0 | o

Soot FHER || (Wi 049 0.49 1 0:50 0.00 4 =27
I

Sodium DHB555 PR 15 16 14 1

Siliron [-5595 pEM 3.2 0.0 3.3 0.9 3.0 5.3 ] 2 =30 1 =25

Additive Element . = Hew il [

Boron PPM 10 10 10 14

Magnesium PPM 14 13 i 13 17

Calcium PeM \ 3883 3431 3516 3037

Barium pEM 0 | [i] [i} 0

Phaosphorus PEM 1196 1164 1136 1132

Zinc PPM 1397 123 1351 179 1354 234 1311 .

Additional Test LCaution  U-Caution

Flash Point e

Viscosity Index

Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSgn or () : NORMAL | C or c o CAUTION ( first level warning limit) | A or .: ACTION required | second level warning limit )

J-Caution AUTION Level L-Caution Lower CAUTION Level First level warning limit in Upper level and/or Lower level
U-Action - Uppe: ACT!ON requlred Level L-Action :  Lower ACTION required Level Second level wamning limit in Upper level andlor Lower level
Accuracy of interpretation and recommendafion are based on representatives sample and information supphad. Mo warranty is expressed or impfied for this report.

8 Fl., Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkck 10260, Thailand Tel : (662) 381 8600-2 Fax : (882) 351 8567
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| H | Jll Lubecheck ™ - 0il Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Guslomer . 18004 . :70 3435 Eng
ustomer
fidsiamer . JCE R&D LAB . u .
Address : Faculty of Engineering Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalengkom University Unit Make : HINO = ACTION — NORMAL
Bangkok Unit Modet P11C = 153 =
Qitype! . SHE(L RIMULA X 15W-40 2 & i =
Testcode : 804 Qo7 914 Viscosity “ e 3 E:
Site Name: NGV DDF Project ‘%‘3 = ] 5;-
Lube System Capacity : 28  Liters Location

Recommendations and Notes O\ P

Note TAN is above Alarm Limits.

Mote that AD (anti-oxidant) additive depletion is Cautionary (below 25% remaining) for SAE applications, which are different than ASTM
Turbine Oil applications.

Mote abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat ete. If abnormal condition exists, please inform
laboratory with next sample.

Recommend short sampling intervals of this sample point to monitor the abnormal conditions.

AS | Andy Sitton

I cumrent sample .;. = wP:fe:rlous sample Alarm Limit Range
Condition History Wl I m‘ M\. ‘h&h “ﬂ Cont.  [imit Name (Equipment | Oil) :

{ 4 N Engine NGV Hino Rimula X
l.- Ca .‘F.J ',..,- A N‘- -. —‘" 15W40 (ICE)

E‘g

FocusLab ID E 78163 77485 77173
Date sampled 4 ] 12-3u-07 | 30-Jun-07 25-Jun-07
Hours on 0il = & 14040 kms i 13019 kms 12007 kms
Hours on Unit ki I 6ei00kms i 363081 kms 362069 kms
Bottle ID 868155 % 866246", o . 56241

Wear Condition

New

Wear Element  Method  Unit lﬁeﬁr’uﬁngfgﬁﬂﬁgmsm‘aﬁﬁg nPs-mrse &
Iron D-6! PPM - o
Chromium PPM 0.9 CLD 1 0.6 IZI.U | G.G 0.3 Y
Lead pPM 1.4 0n=_§ 0.9 0.0 0.7 1.0 a
Copper 23 PEM 428.4 A .. . 352.6-A 16.2 A 270.4 A i4.0 A [\
Tin D PRM 0.0 0.0.. | 0.0 0.0 0.0 2.4 0
Aluminum [ PP 2.5 0.0 " 21 0.0 2.4 0.0 1
Mickel D6 pEM 0.7 0.0 0.3 0.0 0.4 0.0 0
Silver D 2P 0.1 0.0 01 0.0 0.0 0.0 a
Malybdenum D PP 8 0.8 0.0 X 0.7 00 : i 0.0 0
Titanium D-6595 s | 0.0 L | 0.0 00— L] 0.0 0
s PR | S LU | e -

0il Condition Lot
Viscosity @ 40 °C D-445 | y
Viscosity @ 100 °C | D545 125 4 12.7 A 143
Cxidation FTIR il 113 124
Nitration FTIR. 7.3 7.2 6.1
TAN D74 || ™ 338 C 3.02 247
TBN | D739 | m 9.2 s 8.7 o
Contamination el

e = - L R R L B S T O T =
Water FRR 0.050 0053
Fuel SAW 0.10 0.10 0.00
Glycol FTR 0 0
Soot FTIR 0.51 0.49 .00
Sodium 5 | _gpm 19 17 16 1
Silicon 5- .&M ~ = 3'6 = U.ﬂ =-m -3'0- mrw = = ! = 3I1' = E U J C | s : 2
nddrlw_e EW’EII} - = wim WA ®m m fY W FenE W owm = s m oEsE = Sy r I
Boron 55351 | PP 7 e 1 s
Magnesium PPM 13 i2 i2 17
Calcium PEM 4147 3423 3473 3837
Barium ] Q Q (1] 0
Phosphorus PRM 1238 1107 1125 1132
Zinc 1 | pev § 1428 161 1221 o7 1246 127 3 .
Additional Test New Oil M‘, Lauion - -Cauton [ i8cian |
Flash Paint 0-3828 oc
Viscosity Index D-2270
Other

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.

Ne Sign or (] : NORMAL , Coor c‘ T IZAUTION (| first leved warning limit ) A or .: ACTION reguired  ( second level warning limit )

)-Caution jpper CAUTION Levet L-Caufion Low AL i First level warning limit in Upper level andlor Lower leve!
U-Action . Upper ACTION required Level  L-Action E aner ACTION raqulred Lewel Second level waming limit in Upper level andior Lower level
Accuracy of inf .,_ ion and ion are based on representatives sample and information supphied. Mo warranty is expressed or implied for this report.

8 Fl., Thosapol Land 4 Bldg.. B47/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel : (6682) 381 BB00-2 Fax : (652) 261 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORAICRIES LTD. Page 1 of 5
Gustomer . 18004 Wt :70 3435 Eng
Gusiomer . yeoE RRD LAB s o ) _
Address : Faculty of Engineering Un!t Type: : ENnE NGy Commee=ac Overall Condition Rating
Chulalongkorn University Unit Make : HINO = ACTION | ACTION | - NORMAL
Bangkok Unit Model P11C =7 15 1=
Oiltype! . g 5 Z
Testcode : 804 907 914 Viscosty ¢ SHELL RIMULA X 15W-40 o 3 Kl
Site Name: NGV DDF Project 3 = g
Lube System Capacity : 28  Liters Location = =

Recommendations and Notes - Q{< “!’ ' 7 7‘

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Oil condition tests indicate that the oil is past the end of its' useful service life.

Recommend change oil and flush system with clean oil to remove contamination, if the oil from this sample is still in use in this component.

AS [ Ardy Sitton
- T - - —— — =
) Current Sample Previous Sampie Alarm Limit Range
Condition History J;EEI DJM‘ W&ﬁ \(3}& wl‘.‘] Cont.  Limit Name (Equipment / Oil) :
. . ﬂ . & \1 . s N Engine NGV Hino Rimula X
- ‘- = 158W40 (ICE)

FocusLab ID 2 4 75532 | ?8433 78329
Date sampled 3 E, 19-1ul-07 16-1ul-07 14-Jul-07
Hours on 0il - & 16364 knis | 15986 kms | 15019 kms
Hours on Unit >~ 367026 kms : 366048 kms 365081 kms
Bottle 1D | sesi2 | 868160 868158 _
Wear Condition Hew

[+]

Wear Element Method Unit l’ﬁn#lFS mrs"‘ ‘RFS m-ﬂ qi ﬁne RFS coarse
63

Iron pEM r 1.2 0

Chromium PEM (].T U.D - 0.7 0.0 0.4 0

Lead PER 1.2 00~ 1 1.2 0.0 1.8 0.0 [

Copper PPM 3319 A 274 A §--'425:5 A 80.7 A 548.4 A 61.3 A 0 >12 2 =4
Tin PPM 0.0 ot 0.0 0.0 0.0 0.8 0 =2 12 =22
Aluminum PEM 2.6 Ly | 2.0 0.0 2.3 0.0 0 =18 13 =28
Nickel PEM 0.0 5D | 0.5 0.0 0.4 0.0 0 =z =1
Silver A 0.0 00" § 0.0 0.0 0.1 0.0 0

Malybdenum PR 0.0 0.0 0.9 0.0 11 0.0 0
Titanium PPl # 0.0 00—s 0.0 0.0 = 00 . o 0.0 1 : -

= P Hew il L-aution  U-Caution | U-Action |

0il Condition | s = A W i}
Viscosity @ 40 °C D445 o5t 1 I

Viscosity @ 100 °C D445 f 1254 H 125 4 12,78 143 <128 136 15 =157
Oxidation FTIR 12.7 127 121 121 51 >182
Nitration FTIR 7.6 7.6 7.4 6.1 =82
TAN 0574 5.25 A 3.79 A 364 C e 31 =47
TBN D-4733 7.0 8.1 6.4 4o < 4
Contamination ) i

e ¥ a8

Water FTIR A % (WE) L 0.053 0.051 Js 0.051 0.053

Fuel Saw I Taiwtd 0,10 0.10 ' 0:10 0.00

Glycol FIIR fhs 0 ] o

Soat FER W ZedWed 0.50 0.50 0.50 0.00

Sodium D595 | PEM 18 18 15 P4

Silicen 36535 PEM 3.8 0.0 2.7 0.0 i 4.4 0.0 0 ’ >0 1 525

— B - M. +1- S ST _ LU - A S SR L M =

Additive Element AV'Far~~all'HI'EI'LaYal 'V 'H]| =% 000

Boron = Pl K6 6 7 " 14

Magnesium Ao i1 / 12 i2 37

Calcium PPM 3286 3731 3523 3837

Barium 5 PEM a a 3 0

Phosphorus D-6595 PEM 1017 1149 1230 132
Finc [-6595 PPM 1302 132 1259 255 1297 218 131 3
| Additional Test | MewOil | LAsiea | LCauion U-Cauton | Unhgtion |
Flash Paint °C

Viscosity Index

Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or [ f\]i: NORMAL | C ar a = CAUTION (first level warning fimit) | A or .: ACTION reguired | second level warning fimit §

J-Caution Ipper CAUT L-Caution Lower CAUTION Level First level waming limif in Upper level and’or Lowsr level
U-Action A UpperACTlON requ:re:l Level L-Action :  Lower ACTION required Level Second level waming limit in Upper leval and'or Lowsr level
Accuracy ofintE‘rpretanon and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or imped for this report.

8 Fl., Thosapol Land 4 Bidg.. 847/30 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel : (B62) 361 8600-2 Fax : (BG2) 361 8567
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[:“s LubeCheck ™ - Oil Analysis for Predictive Main

LABORATCRIES LTD. Page 1 of 5
Gusiomer . 4304 e, 703435 Eng
RuSiomer . [CE R&D LAB 7 ) ! i
Address : Faculty of Engineering UnitType ‘2 Engine: NGV Compression Overall Condition Rating
Chulalengkorn University Unit Make : HINO = ACTION ACTION | - NORMAL
Bangkok Unit Modek P11C 5 s 21
Oil type ! = 5 A=
Testcode : 804 007 914 Viscosity - SHELL RIMULA X 15W-40 =3 &l
Site Name: NGV DDF Praject 5; 53
Lube System Capacity : 28  Liters Location = =

Recommendations and Notes SONN1777 .

MNote abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

0il condition tests indicate that the oil is past the end of its' useful service life.

AS [ Andy Sitton

—= —_—

Previous Sample Alarm Limit Range

Condition History ﬂﬂrﬁl]ﬂ N ﬂ& \C%& ;*.Eﬁ" Cont.  |imit Name (Equipment / 0il} :

o h . f' | Engine NGV Hino Rimula X

- e
FocusLab ID 3 | 79038 ' 78897 78691 15W40 (ICE)
Date sampled i = 27-Jul-07 24-Jul-07 21-Jul-07
Hours on 0il 2 & 20401 kms 18935 kms \ 17939 kms
Hours on Alnit E 370463 kms f 368997 kms 368001 kms
Bottle ID d 863159 ¥ 868167 868164
- - . b — | — F - e =

Wear Condition ) B e
Wear Element Method Unit R"tm:‘.FS mﬁg.‘ WW‘RFS 7 Qﬁﬁne RFS coarse o
Iran 6595 PPM | 7.3 0.0 ¥ | [\
Chromium PPM o.s 0.0 ¥ 0.8 0.0 D.G 0.0 0
Lead PPM 0.6 00— % 1.4 0.0 | 1.3 0.7 0
Copper PPM 369.6 A 212°A1 4076 A 161 & 457.5 A 204 A 0
Tin PPM 0.0 no—% 0.0 0.0 0.0 0.0 0
Aluminum PPM 2.2 60— £ 26 0.0 2.1 0.0 [
Nickel PPM 0.0 00"y 0.0 0.0 0.0 0.0 [
Silver PPN 0.0 (12Tl | 0.0 0.0 | 0.1 0.0 1
Malybdenum PP 0.0 0.0 0.4 0.0 “ 0.4 0.0 0
Titanium et | o po 18 0.0 no 8 0.0 0.0 a

T w— _— *
0il Condition L | i
Viscosity @ 40 °C 0-345 == .
Viscosity @ 100 °C D-445 Stefl 124 A 12.4 A I 12,54 U3 =128 <13 5 »157
Oxidation FIR | abs| I 13.5 134 13.2 124 5.1 182
Nitration FIR | abs 7.6 77C 76 C 6.1 =82
TAN D974 || makos 367 C 327 C 3.46 € 247 1 =37
TEN D-4739 7.1 7.2 6.7 o <2
Contamination e i é“ﬁ"’;ll
Water =00 = 0.0%0 0.053 048
Fuel 0.10 = 410 000 o5
Glycol l ] 1]
Soot 0.50 0.51 0.00 & a2

= RFS coarse

Sodium i8 i7 )]
Siliran 0.2 3.3 00 3.1 06 N 7 : >30 1 >25
AKIETRMGRT CN 2N O o8 2o 10 10 Do~ ~ 0 A 0 Tl
Boron p-ssasll freed ) 5 5 5 "
Magnesium 5 PEM 12 ] 12 11 17
Calcium G 3375 3471 3326 3637
Barium PRM a 2 4 5}
Phosphomus e 1037 1183 1188 132
Zinc pPM 1314 o6 1312 52 | 1270 111 g 1311
Additional Test Mew 0l
Flash Point - ac
Viscosity Index
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Mo Sign or (R} NORMAL C or c, o CAUTICN { first level warnirg fimit )

) A or .: ACTION required  { second level warning fimit )

L-C. Ipper CAL evel i i Level First level waming limit in Upper level and/or Lower level
U-Action . Upper ACTION required Level  L-Action :  Lower ACTION required Level Second level waming limit in Upper level andior Lower leve!

Accuracy of intem ion and recom tion are based on representatives sample and information suppbsd. Mo warranty is expressed or imphied for this report.
8 Fl., Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd., KM.2, Bangna. Bangkok 10280, Thailand Tel : {062) 361 8800-3 Fax : {862} 351 8567

cheosnw focuslab.coth Email : focuslab@focuslab co.th
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- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
gustomer . 18004 mE.  :70 3440 Eng
fusiomer . JCE R&D LAB ) o ]
Address - Facuty of Enginesring Unlt Type : Engine NGV Compression Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL| NORMAL NORW&L
Bangkok Unit Modet P11C £] 5 2
Oiltype! . 5 = =
Testcode : 804 an7 914 Viscosity * SHELL RIMULA X 15W-40 &3 8' E'
Site Mame: NGV DDF Praject 5 = E
Lube System Capacity : 28 Liters Location 5

Recommendations and Notes. S NWA

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AZ | Ay Sitten

Previous Sampie Alarm Limit Range
E'S Limit Name (Equipment [ 0il} :

Engine NGV Hino Rimula X
- 15W40 (ICE)

— | “"“””aiﬂ m &\
- AT 2

O7-May-07 [] 30-Apr-07 !
Hours on Oil 1071 kms 0 kms
Hours on Unit 362445 kms 361374 kms .
Bottle ID 365155 { 862023

- E 2 o e =3

Wear Condition
Wear Element Method Unit
Iron 6595 PEM
Chromium PEM
Lead PEM
Copper PM
Tin PpM
Aluminum PRM
Mickel PEM
Silver PeM
Molybdenum pEM
Titanium

0il Condition
Viscosity @ 40 °C
Viscosity @ 100 C
Cwidation

Mitration

TAN

TEM ]
Contamination
Water

Fuel

Glycal

Soot

FocusLab ID
Date sampled

Test Method
Hesult

Mew Oil M L-Caution  U-Caution | U-Action |

| 140 14.3 143 =128 13.6 >15.7
121 5 >18.2

=]
=]
=
w
»w
@
)

Sodium
Siliran > PpM 2.9 2.8 &.1 i.5 o 2 =30 15 575
Additive Element ot

Boron T besos 2 14 i 14

Magnesium 4
Calcium
Barium

3743 J338% 3837
a a 0
Phosphorus 1260 1158 4132
Zinc 1361 176 1403 119 131 " 5
Additional Test - Hew 0il M L-Zauion  U-Cauton | UoAgion |
Flash Point [-3828 e
Viscosity Index D-2270
Other

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.

NoSign or (i : NORMAL | C or ¢ © DAUTION ( first loved warning limit ) | A or .: ACTION reguired | second level warning limit )

-Caution Ipper CAUTION L-Caution Lower CAUTION Level First level warning limit in Upper level andlor Lowsr level
U-Action . Upper ACTION requlred Level L-Action :  Lower ACTION required Level Second level waming limit in Upper level andlor Lowsr level
Agcuracy of interpretation and recommendation are based on rep ives sample and information supplied. Mo warranty is expressed or implied for this report

8 Fl., Thosapol Land 4 Sidg.. 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel : {682) 381 3600-2 Fax: (662) 251 8567

hitp:/fwww. focuslab.co.th Email : focuslab@focuslab.coth
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- Oil Analysis for Predictive Mai

LubeCheck ™

LABORATORIES LTD. Page 1 of 5
Gose ™" : 18004 iR, :703440 Eng
ﬁgs':gmer: ICERED LAB Unit T : Engine NGV Compression %
Address = Faculty of Enginsering _ ype g P Overall Condlﬁonlhtlng
Chulalongkorn University Unit Make : HINO = NORMAL! NORMAL' _ NORMAL
Bangkok Unit Modek P11C B £] =1
Oiltype! . 5 2 =
—— W BOE  B18 Jhdpel & SHELL RIMULA X 15W-40 S] Sl Ef
Site Name: NGV DDF Praoject ER = 5
g . =\ = =]
Lube System Capacity : 28  Liters Location e

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

AS | Ay Sitton

Premou& Sampie

C.urTent ba?{p ‘d [ﬁk\

Alarm Limit Range

Condition History ol Cont.  Limit Name (Equipment | Dil) :
N N AN O mv N N' | Engine NGV Hino Rimula X
o e 15W40 (ICE)
FocusLab ID 2 75020 74928 74719
Date sampled i § 15-May-07 [ 12-May-07 09-May-07
Hours on Oil § & 4471 kms 2178 kms 2117 kms
Hours on Unit & 365845 kms 364552 kms 363491 kms
Bottle ID 865167 § B65162 865157
F 3 - e alEE e
Wear Condition Wew
Wear Element Method Unit Rnﬁle M* Rﬂé% & ﬁne RFS coarse L
Iron poM 47 [ . 1.5 0
Chromium PP 0.6 0.0¢ ¥ 07 U.D 0.4 1.0 0
Lead PPM 0.2 o' 44 0.4 0.0 0.0 2.6 0 =200 : =13
Coppar pEM 1.0 00§ 0.8 00 | 0.8 0.1 0 =12 2 34
Tin PPM 0.0 0.0 4 0.0 04 0.0 4.3 0 >2 i =22
Aluminum PPM 2.1 00— 2.1 0.0 1.8 0.0 0 =18 13 =25
Nickel pEM 0.3 (X1 B 0.4 0.0 0.1 0.8 0 22 >3
Silver PPM 0.0 oo g 0.0 0.0 0.0 0.0 0
Molybdenum PEM 0.0 0.0 0.0 0.0 0.0 0.0 0
Titanium pEM 0.0 0.0 0.0 0.0 0.0 0.8 0
E = = ¥ . T
0il Condition - vew i[RI ¢ covien
- - - et
Viscosity @ 40 °C D-445 o5t 1 " 2 .. . e
Viscosity @ 100 °C D445 s 134 C TEAE 136 C ]4.: <128 <13 >t s,i
Owidation FTIR Abs 9.9 9.4 9.5 121 ; »16.2
Nitration FTIR Abs 6.3 u 6.0 5.8 6.1 7 -82
TAN -974 2.36 2.64 238 247 towar
oK itk 10.4 10.6 10.5 w2 : i
Contamination = |
Water 0048 0.047 b 0.043 053 )
Fuel 0.20 0.60 0.30 0.0
Ghycol E a (1] i)
Soot ‘ ' (W, 0.47 0.46 0.43 0.00
Sodium D-6595 || PM 35 36 2 1
Silicnn [C-6535 PEM 2.8 0.0 2.8 2.0 2.9 1.4 ) > =30 T =75
: — — 2
Additive Element ’ Hew il
Boron [ Desos | oom 1 1 ™ G 14
Magnesium . D-65350) £PRM 12 L g1 12 W
Calcium 2eM 3697 3565 3716 637
Barium PEM [i] a (1] [\
Phosphorus PEM 1221 1118 1128 1132
Zinc PEM 1364 175 1306 123 1388 166 A R
Additional Test New Dl LW& L-Caution  [-Caution M{
Flash Point o
Viscosity Index
Cther

Acouracy afime‘rpletaucm and recommendation are based on reor

supplied.

sample and

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NeSign or [} : NORMAL | o oor % s CAUTION (first lewed waming limit) | A or .: ACTION required [ second level warning fimit )
J-Caution Ippe LITION Lewve L n ey CAUTION Leval First level warning limit in Upper level andior Lower level
U-Action UpperAC'HCIN requ»recl Level L-Action Lower ACTION required Lavel Second level waming limit in Upper lzvel andior Lowsr leve!

Mo warranty is expressed or imphed for this report.

8 Fl., Thosapal Land 4 Sidg.. 847/32 Bangna-Trad Rd., KM.2, Bangna. Banghkok 10260, Thailand

hitp:iwew focuslab. coth

- {B62) 381 8600-2 Fax: (662} 351 8567
Email : focuslab@focuslab co.th
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- Oil Analysis for Predictive Main

LABORATORIES LTD.

Page 1 of 5
Customer . 1 gyg4 L4 :70 3440 Eng
ﬁmmef SIERMR LA Unit T : Engine NGV Compression
Address . Faculty of Enginsering . ype : 9 P Overall Condrl_mnﬂamg
Chulalongkorn University Unit Make : HINO 5 NORMAL| NORMAL| - NORMAL
Bangkok Unit Modek P11C 2] g &
! : 5 = ]
Testcode : 804 907 914 Vicliy @ SHELL RIMULA X 15W-40 S 5 &
Site Name: NGV DDF Project 3] = Sl
Lube System Capacity : 28  Liters Location =

O IZ 7P

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

Recommendations and Notes

AS | Andy Sitton
—— — —_— T
Current Sample Previous Sample Alarm Limit Range

vmzl &\‘

m%u

Condition History Cont. | imit Name (Equipment | 0il) :
N Ny "'N} ‘ N N N N Engine NGV Hino Rimula X
- —_— — e e e = 15W40 (ICE)

FocusLab ID 2 75637 75351 \ 75210
Date sampled T ‘é | 25-May-07 i 20-May-07 17-May-07
Hours on Oil ﬁ i 7908 kms 556 kms 5522 kms
Hours on Unit R 369282 kms 367930 kms | 366896 kms
Bottle ID 865185 b 865179 865174
Wear Condition Y Hew oo \_
Wear Element Method Unit RDI‘IE ESM‘ ﬁ?m& hEﬁne REGooarse| &  Uoanion PR vrain (RS
Iron & 2.4 0 105 45 >80
Chromium 15 o D 1 x3 00 . 09 0.2 0 15 >13
Lead 15 00, A% 1.6 0.0 0.8 3.2 0 =20 7 =13
Copper 1.6 oo ¢ 1.1 03 | 1.2 0.2 0 =12 . =4
Tin 0.0 0.0 4 0.0 0.0 0.0 3.2 i f =2 { =22
Aluminum 27 00 —4 2.4 0.0 2.3 0.0 0 =13 d =25
Nickel 0.2 00—+t 0.2 0.0 0.6 1.0cC 0 1 2 52
Silver 0.0 0.0 4 0.0 0.0 0.1 0.0 [
Melybdenum 0.5 (1 | 0.4 00 | 0.4 1.2 0
Titanium 0.0 0.0 0.0 0.0 ‘ 00 g 02 0
0il Condition B

e
Viscosity @ 40 °C ? -}
Viscosity @ 100 °C 130 € 13.7 A 13.2 C 143 <128 3"5E
Oxidation 10.2 9.9 10.5 121 >16.2
Nitration 6.8 L 6.6 6.7 6.1 =82
TAN 2.58 2.80 2.53 A g
TEN 9.9 10.3 10.3 o
Contamination e
Water FTIR 0.043 0.041 0.042 0.053
Fuel SAW 0.10 L oo = 0.20 0.0 =5
Glycol FTIR ] 0 0
Soot Frg ||| Sowe) 0.48 0.49 0.48 0.00 4 322
Sodium D-6555 pEM 44 33 34 11
Silicnn D-6595 PEM 3.2 0.0 3.7 i.1 3.9 22 0} 2 30 15 »25
Additive Element o Newil
Boron PEM 11 10 10 14
Magnesium RPH 13 12 | 12 i7
Calcium e\ 3744 3457 3613 3837
Barium pEM 0 | 0 3 0
Phosphorus PPM 1167 1202 1313 1132
Zinc PPM 1384 125 1290 98 1339 100 1311
Addiljonal Test 23] L-Caution I.H:aun'un_
Flash Point og
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upDn dataset size and to be used as general guideline.

Agcuracy ofinte.rp'reta‘.ion and recommendation are based on representatives sample and information supplisd.

Mo Sign or | ]\ : NORMAL | ar _c_ E { first level warning limit ) A or ACTION required | second level warning limit
J-Caution Ipper C# BvE L-Caution Lower CAL val First level warning limit in Upper level andior Lower level
U-Action Upper ACTION required Level L-Action Lower ACTION required Lewvel Second level warning limit in Upper level andlor Lower level

Mo warranty is expressed or impied for this report.

8 Fl., Thosapol Land 4 Sidg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand

hitp:ifwaww. focuslab.co.th

Tel : (862) 361 5600-2

Fax : (882) 351 8587

Email - focuslab@focuslab_co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Coae ™" : 18004 Bt :70 3440 Eng
ﬁg&:‘lgmer: ICERED LAB Unit T : Engine NGV Compression : 3
Address - Facuity of Enginsering 5 Ype : 9 P Overall Conditmn Hﬂhﬂg
Chulalongkorn University Unit Make : HINO = ACTION NORMAL ' _ NORMAL
Bangkok Unit Model P11C =7 10 =t
Oiltype! . S i =
Testcode : 804 907 914 ViscB%y  : SHELL RIMULA X 15W-30 3 7 E]
Site Mame: NGV DDF Project 8 = §=
Lube System Capacity : 28 Liters Location =

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Recommend resample this component again, immedizately upon receipt of this report, to monitor the abnormalities closely.

AS | Ardy Sitton

- = A
Previous Sample Alarm Limit Range

- Current Sample —
Condition History ) JH'A'IMA Wear, ﬂﬁ \c’&(’ ‘:&Qﬂfw Cont.  Limit Name (Equipment | Oil) :

| Bl B W | N A& N | EngineNGVHinoRimulaX

'z

- = = — e — 15W40 (ICE
FocusLab ID '_“g: y | 76316 ' 76056 75906 s
Date sampled 4 § 05-Jun-07 05-Jun-07 29-May-07
Hours on Oil E & 12001 kms 16913 kms ‘ 9475 kms
Hours on Unit = 373375 kms f 372287 kms 370849 kms

Bottle ID Y| 866205 { 866203 | 866200
Wear Condition

4 L= . hew
Wear Element  Method Unit  RDEfine | RFS coarse Wﬁrgmﬁ RODEfine RFScoarse O Uoasin U
Iron § PEM 7.7 1.6¢ ¥ 7.3 1.4 6.9 0.0 [
Chromium PPM 1.5 1 1.7 0.9 1.7 0.0 0
Lead PPM 14 g | 27 0.0 | 1.9 0.0 i
Copper pPM 90.2 A e by 154 A 0.7 2.5 0.1 [ :
Tin PPM 0.0 05— 0.0 3.0 0.0 0.0 0 | 52 A 222
Aluminum PPM 2.4 20 | 5 0.0 2.7 0.0 0 »18 { 525
Nickel 0.2 2.4,y 0.3 0.4 0.1 0.0 0 52 1 52
Silver 0.1 0o~ | 0.1 L | 0.1 0.0 0
Molybdenum 0.8 0.0 0.6 0.0 ' 0.4 0.0 0
Titanium ! oo o0 1§ 0.0 08 | 0.0 0.0 0

S
0il Condition |
Viscosity @ 40 C |
Viscosity @ 100 °C { 1264 M 12.8 A I 12.8.4 143 <128 =157
Oxidation 11.1 10.8 10.3 124 »18.2
Nitration 7.3 7.2 7.1 61 =32
TAN 045 3.38 C 345 C 247 =37
TEN 9.9 10.0 9.7 uo <2 ' 3
Contamination 0 J = e Ucarion RS
Water § % (W) | 0.045 ¥ oo4s 0.045 0.053
Fuel vy 4% alib d.10 " dia 0.00
Glycol Abs o 0 0
Soot o W) 0.47 0.48 0.48 0.00 14 »22
RFS coarse

Sodium PPM 34 a7 42 1
Silicon | K PEM 3.9 1.8 3.7 1.2 # 4.0 0.0 0 2 30 E 225
Additve FlePelin v = = = == = = = mman s D
aron & 4
Magnesium P 12 ] 13 13 .‘ 17
Calcium PPM 3290 3464 3597 3837
Barium PPM 2 0 ] 0
Phaosphorus PEM 1152 1128 1199 1132
Zinc D-6595 || PPM 1344 147 1297 170 1349 143 1311 s
Additional Test | L-Caution I.Hhunonm
Flash Paint D-3828 L
Viscosity Index D-2270
Other

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.

NoSign or [\ : NORMAL | Cor & - SAUTION ({ first leved warning limit) | A or .; ACTION required  ({ second level warning fimit )

|-Caution Ipper CAUTION Lewve L-Caution Lower C N Level First level warning limit in Upper level andior Lowsr level

U-Action - Upper ACTION required Level  L-Action : Lower ACTION required Level Second level waming limit in Upoer level andior Lower level

Agcuracy of interpretation and recommendation are based on rep ives sample and inft tion supplisd. Mo warranty is expressed or impled for this report.
8 Fl., Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkck 10280, Thailand Tel : {662) 381 3600-2 Fax: (662) 261 8567

hitoiwew. focuslab.co.th Email : focuslabi@focuslab.cath
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- Oil Analysis for Predictive Mai

LAEORATORIES LD, Page 1 of 5

Qustomer . 1 g4 Lo :70 3440 Eng
fustomer , [CE R&D LAB

Unit T : Engine NGV Compression it i
Address : Faculty of Engineering . ype 9 p Overall Condition Rating
Chutalongkormn University Unit Make : HINO = ACTION ~ NORMAL
Bangkok Unit Modelk P11C = 153 =
Oil type | g = 2
Testcode : B804 Q07 914 Viscosity : SHELL RIMULA X 15W-40 o g- E
Site Name: NGV DDF Project B = ] 81
Lube System Capacity : 28  Liters Location : =
Recommendations and Notes Q“\\”!,71‘
Mote abnormal copper detected.
Note TAN is above Alarm Limits.
AS | Ay Sitton
= — —
Current 3322 3 Prewous Sampie Alarm Limit Range
Condition History J "’d‘ & k “Oil  Cont.  Limit Name (Equipment | Oil) :
. q‘ r’w . ﬁ\ N, | - N N Engine NGV Hino Rimula X
" = — g ———— 15W40 (ICE)
FocusLab ID g ?6742 76482 \ 76352
Date sampled E E | 15-Jun-07 1 12-Jun-07 09-Jun-07
Hours on Oil § & 14408 kms 13874 kms 13054 kms
Hours on Unit 2 375782 kms 375246 kms | 374428 kms
Bottle ID 366220 . AP 866213 866207
- - - > L3
Wear Condition Y New
Wear Element Unit Rﬂﬂle ‘:5“1“(‘ %& kE ﬁne RE coarse = o
Iron PPM | 0 3 =80
Chromium PEM 1.6 0.2 * 1.5 0.9 . 1.6 n.o 0 =15 7 »13
Lead PEM 1.4 0.0 .0°f 1.3 1.5 0.6 0.0 i »20 >13
Copper PPM 427.3 A 187 A ,: 367.4 A 22.0 A | 292.9 A 19.2 A 0 =12 2 =4
Tin PPM 0.0 1.2 1 0.0 31 0.0 0.0 0 1 2 1 =222
Aluminum PPM 2.3 00— 2.3 0.4 2.1 0.0 [y =18 =25
Nickel 5 PPEM 0.4 TH—F 5 0.3 0.4 0.0 0 1 =2 »2
Silver 6595 PEM 0.0 0.0 | 0.1 0.0 0.1 0.0 0
Malybdenum 55 PPM 0.5 0.0 | 0.4 0.0 0.4 0.0 0
Titanium 6595 | TRM 0.0 00 | 0.0 0.0 é 00 £ 00 0
Hew

0il Condition

— —

Viscosity @ 40 °C D245 . .

Viscosity @ 100 °C D445 123 A 12.5 A 125 A

Cridation FTIR 11.4 11.5 11y

Nitration FTIR 7.3 L 7.3 7.2

TAN o974 330 C - 3.08

TEN D-4735 9.1 9.3 9.6 ’

Contamination Mer i {Ften

Water FIR [ % (Wt) | 0.050 0.048 | 0.046 0.053

Fuel SAW | % (Wt) 0.10 | 0.10 . 0.10 0.00

Glycol FTIR pbe, ] 0 g n

Soot AR || 3w 0.48 0.47 0.45 0.00 14 522
| _ COarse

Sodium -l s 45 45 44 1

Silirnn D-6595 || PEM 4.1 1.0 31 13 | 40 0.7 h : 30 {5 325

Additive Element . . = Hew il

Boron PR 8 7 ¥ a8 14

Magnesium BPM \ 13 12 12 17

Calcium EFM 3490 / 3464 3601 337

Barium PO 0 a o 0

Phosphomus PEM 1034 1038 1033 1132

Zinc PPM 1331 119 1227 156 1320 138 1

Additional Test

Flash Paint 26

Viscosity Index

Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

MoSign or (NJ: NORMAL ,  ©oor @ : CAUTION (frstlevelwaminglimit) , A o .: ACTION required  ( secand level warning fimit )

J-C on Lower ( First level waming limit in Upper level andlor Lowsr level
U-Action 3 Uppe: MT‘lON requnred Level L ﬂcuon : Lower ACTION required Level Second level waming limit in Upper level andlor Lowsr level
Accuracy of interpretation and recommendation are based on rep ives sample and ir 1 Mo warranty is expressed or impled for this report.

B Fl., Thosapol Land 4 Bidg., D47/30 Bangna-Trad Rd., KM.2, Bangna, Bangkek 10280, Thailand Tel: {662) 381 3600-2 Fax: (652) 3561 8567

hitp//www.focuslab. co.th Email : focuslabi@focuslab oo th
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LubeCheck ™

- Oil Analysis for Predictive Maintenance

[ABORATCRIES ITD.

Page 1 of 5
Gustomer . 18004 D, 70 3440 Eng
fiistomer . JCE R&D LAB - Ereine NGV Co ) _ _
ni : Engine mpression i i
Address : Faculty of Engineering 5 ype 9 P! Overall Condition Rating
Chulalongkorn University Unit Make : HINO = — NORMAL
Bangkok Unit Modet P11C = g &7
il type | . 5 S £
Testcode : 804 907 914 Viielsy ¢ SHELL RIMULA X 15W-40 31 8’ E
Site Name : NGV DDF Project E = §=
Lube System Capacity : 28  Liters Location : =
Note viscosity is lower than normal limits.
Mote abnormal copper detected.
Recommend short sampling intervals of this sample point to monitor the abnormal conditions.
AS | Ardy Sitton
- e - == —
Current Sample T _Previous Sample Alarm Limit Range
Condition History 13 j ﬂ \'ﬂ &\ C W oil Cont.  [imit Name (Equipment | Oil} :
o A as B N A N N Engine NGV Hino Rimula X
s e — == 158W40 (ICE
FocusLab ID 2 76963 76310 B 76743 (1CE)
Date sampled i E | 21-Jun-07 [ 17-Jun-07 \ 15-Jun-07
Hours on Oil § & 2168 kms 1049 kms 0 kms
Hours on Unit & 377950 kms 376831 kms ‘ 375782 kms
Bottle ID 366233 1 866226 866221
— a— - s a LA 5 = T
Wear Condition frargmes = Rax
Wear Element ROEfine RFScoarse - ROE fine [RFScoarse  RDE fine RFScoarse
Iron 4.z 13 .8 26 0.5 2.3 3.0 0
Chromium 0.5 0.5¢ & 0.2 0.7 0.2 0.0 [
Lead 1.9 451 0.4 1.7 0.1 0.0 0
Coppar 65.3 & 40 C§  S61A 3.2 Cf 18,5 A 1.2 i
Tin 0.0 a7 0.0 4.2 0.0 3.6 0
Aluminum 1.8 % 1.5 0.0 1.6 1.2 0
Nickel 0.3 04 - 0.2 0.0 0.3 0.0 0
Silver 0.1 00y 0.0 0.0 0.0 0.0 0
Maolybdenum 173 o= § 0.4 0.0 0.1 0.0 0
Titanium 0.0 0.0 0.0 0.0 00 £ 0.0 6 -
0il Condition T - New Oil 'IW Ao o L-Caution  -Caution | (bAgtion |
Viscosity @ 40 °C s | A\FFl i i ) =
Viscosity @ 100 °C D445 o5t 134 C 138 14.1 143 <128 >15.7
Oxidation FTIR Absfl 0.2 9.4 9.5 121 »18.2
Nitration FTIR || Abs 5.5 5.3 5.0 &1 ~82
TAN D-974 ; 2.52 266 134 AT =37
TBN D-4733 . 10.7 10.3 10.9 110 <2 . =
Contamination e v
Water 0.044 b 0,051 0.053 =048
Fuel 0.10 1 0.10 0.00 =5
Glycol 1] g o
Soot 0.46 0.94 0.00 4 =22
Sodium 12 9 11
Silirnn 2.2 2.7 1.3 6.7 7.8 0 =30 225
Additive Element____ e
Boron i4 i i6 1
Magnesium y 21 17 24 W
Calcium 3602 yoBn 3617 337
Barium a 1} 0 0
Phosphorus 1222 1141 1065 1132
Zinc 1428 185 1361 179 1350 167 L1 o
Additional Test New il [ EAaten L Sauion U-Caon | Gibion |
Flash Point ac
Viscosity Index
Cther

Mote: Alarm Limits ars variable and dependent upon dataset size and fo be used as general guideline.

Mo Sign or (] : NORMAL | C or E > B { first level warning limit ) | A or ACTION recuirsd
Ippe TION Lave L-Caution Lo
U-Action - Upper ACTION required Level  L-Action Lower ACTION required Lewvel
Agcuracy of interpretation and recommendation are based on representatives sample and information supplied.

Ipper CAL

weer C

First lewvel warning limit in Upper level andior Lowsr level
Second level waming limit in Upper level andlor Lower level

[ second level warning fimit |

Mo warranty is expressed or impled for this report

8 Fl., Thosapol Land 4 Bidg., 047/38 Bangna-Trad Rd., KM.2, Bangna, Banghkok 10280, Thailand
hitpaifwew. focuslab.coth

Tel : {B62) 361 8600-2 Fax: (6562) 261 8567
Email : focuslab@focuslab.co.th



370

917 9-77 uanalUaLUNANINAAA LN UUABRUANLATAIUE lWINHIATN 70-3440

AN up e TN LA 9T A TN 17643 D 19751 Nlalums

LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Gustomer , 18004 it =70 3440 Eng
ustomer
fusiomer . [CE R&D LAB 2 R ) )
Address : Faculty of Enginsering Ul‘l!t Typet s EROIe NCY Coemeroesion Overall Condition Rathg
Chulalongkorn University Unit Make : HINO = = NORMAL
Bangkok Unit Modek P11C =4 87 £
quope! . SHELL RIMULA X 15W-40 5 2 £
Testcode : 504 o7 914 Viscosity : o kX El
Site Name: NGV DDF Project % ] =] E ]
Lube System Capacity : 28  Liters Location Far

Recommendations and Notes 1777~

Mote abnormal copper detected.
Recommend short sampling intervals of this sample peint to menitor the abnermal conditions.

AS [ Ardy Sithon
— — : — — ey
Current mﬁ&l T Samglg Alarm Limit Range
Condition History md 'k\ Hﬁe'ﬂ'« m ol Cont.  Limit Name (Equipment | 0il) :
A N & ‘ M 4 & N | Engine NGV Hino Rimula X
. —_— - : 15W40 (ICE)
FocusLab ID 2 _ 77486 77364 \ 77174
Date sampled E i 01-Jul-07 & 27-3un-07 23-3un-07
Hours on il § @ 5343 kms 4287 kms 3235 kms
Hours on Unit = 381125 kms 380069 kms \ 379017 kms
Bottle ID 866247 866243 866238
— e .
Wear Condition I New RFS coarse
Wear Element  Method Unit umﬁe ‘:ﬁd@aﬁ‘t ﬂnﬂm &Eﬁm St *  vowen [ Vo EEE
Iron 6595 PPM } ~ 0.0 i 108 45 =50
Chromium 06595 | pEM 0.6 O.D s 0.6 0.? 0.3 0.0 0 =15 7 =13
Lead PPM 0.6 0i0l Af 0.5 3.4 0.9 0.0 0 =20 7 =13
Copper PEM 743 A 6045 6824 3.0 C 62.7 A 49 A a =12 ; >4
Tin PPM 0.0 0.0 o 0.0 25 0.0 0.0 0 32 12 >22
Aluminum PRM 1.5 (1 — 1.5 0.0 1.5 0.0 [ =18 1 =15
Nickel PRM 0.3 =% 0.2 0.6 0.5 0.0 a 2 =2
Silver PPM 0.0 (S 0.0 0.0 0.0 0.0 0
Malybdenum PPM 0.2 0.0 ! 0.2 0.0 | 0.3 0.0 0
Titanium PP 0.0 00 § 0.0 0 g L 0o 1 N
0il Condition Mew il
T " ¥ D

Viscosity @ 40 °C D445 o | i
Viscosity @ 100 °C D-245 eid ] 13.2¢C 13.4 C 13.4 © 143 <129  <13¢ 15 157
Cxidation FTIR Abs 4 115 10.1 3.9 121 5 >18.2
Nitration FTIR 7.2 6.2 6.0 61 S
TAN 0574 273 2,68 2,53 o e A1 i
TEN D-4739 10.5 9.3 10.0 1o <2 4
Contamination sl
Water FIIR [% (We) | ouo4d 0.041 b 0.042 0.053
Fuel AW | % (L) 0.10 b oa0 1~ 010 0.00
Glycol BT Az, 4 0 0 g ]
Soot FITR, || 20 (W) 0.48 l 0.51 0.50 0.00 4 =22

RFS coarse
Sodium g 19 i4 13 W
Silican D-6595 | PPM 3.3 00 | 37 11§ 33 0.0 | 2 »30 15 >25
\Additive Element___ Hewil
Boron = P 11 12 ] 12 14
Magnesium PN 17 19 18 W
Calcium PEM 3653 / 3691 3370 3837
Bariurm e ] a o 0
Phaosphorus PEM 1133 1218 1242 1132
Zinc 06595 | PPM 1335 189 1419 164 1302 189 1311 ) o
Additional Test Hew Ol [ IeBBn | Loaution  U-Cauion | UskGion |
Flash Point 5
Viscosity Index
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

No Sign or (R : NORMAL | ar b s CAUTION | firstlevel warning mit) | A or . : ACTION required | second level warning limit )
S
J-Caution Uipper { Bve L-C; n Lower CAUTION Level First level warning limit in Upper level andior Lower level
U-Action . Upper ACTION required Level  L-Action = Lower NCTIDN requlred Lewel Second level waming limit in Upper level andfor Lower level
Accuracy of interps ion and recom icn are based on reg ives sampbs and & tion suppliad Mo warranty is expressed or implied for this report.
8 Fl., Thosapol Land 4 Bidg., 047/38 Bangna-Trad Rd., KM.2, Bangna, Bangkek 10280, Thailand Tel: {662) 361 8600-2 Fax:(BG2) 351 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LID. Page 1 of 5

Chae™ : 18004 ot 1703440 Eng
RSieme’ : ICE R&D LAB . e : _
Address : Faculty of Engineering Un_[t Type : Engine NGV Compression Overall Condition Rating
Chulalengkomn University Unit Make : HINO = ACTION = NORMAL
Bangkok Unit Modet P11C 2 153 =1
Dil type | 5 = 2 £,
Testcode : 804 907 914 Viscosty ¢ SHELL RIMULA X 15W-40 = 8 =
Site Name: NGV DDF Project g = 8
Lube System Capacity : 28  Liters Location

Mote abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Centinue routine sampling interval.

AS | Arey Sitton
— —
Current Sample Previols Sampie Alarm Limit Range

Condition History ﬂﬂ ﬁv“ ?’Eﬁa Q%_ \,Cif!t- ‘ﬁﬁw Cont.  Limit Name (Equipment / 0il) :
. ‘ g . & \ l“\I | . ' N Engine NGV Hino Rimula X

— e e =
FocusLab ID E ' " 78692 | 78533 15WAL(ICE)
Date sampled ] 3 2S-Jul—0? 21-Jul-07 19-3ul-07
Hours on Ol % & 8190 kms 7142 kms ‘ 6113 kms
Hours on Unit x 383972 kms 1 382924 kms 381885 kms
Bottle ID J 868171 i 865166 868163
N - . L m— e — - - o - -
Wear Condition Hew L
‘Wear Element Unit Rﬁne‘f l'!§.‘ B[;E,Wﬂfgmﬂ &ﬁn: RFS coarse O UCwion | s U-Caudon  UAstion |
Iron 2= 5.0 0,38 ¥ 0.3 0 >105 =Bl
Chromium PRV 0.7 00 < 0.9 u.o u.g 0.2 0 15 7 »13
Lead (=7 0.6 0.0 F 1.6 0.0 | 1.5 0.0 0 =20 7 13
Copper PEM 741 A 2 el 71.6 A 6 C 75.2 A 26.7 A 0 =12 2 =4
Tin PPIM 0.0 1K ¢ —t 0.0 0.0 0.0 7.2 0 =2 1 =22
Aluminum PEM 1.4 [1X1 S e T 0.0 1.8 0.0 0 =18 1 25
Nickel PEM 0.0 0.0y 0.2 0.0 0.0 0.0 [\ »2 >2
Silver PPM 0.0 0.0 | 0.1 0.0 0.0 0.0 0
Molybdenum 2] 0.0 0.0 0.4 0.0 0.4 0.0 0
Titanium PEM a.0 o0 1 0.0 0.1 0.0 -l 0.0 0
0il Condition e | e
Viscosity @ 40 *C
Viscosity @ 100 °C C l 131 °C 13.0¢
Cxidation 10.4 2.9
Nitration 6.6 6.3
TAN 4 345 C 365C
TEN 9.4 5.8
Contamination
r Ly - - - =
Water FTIR 0.044 0,045
Fuel gAY 0.10 410
Glycol FITR (1] o
Soot RTIR I 0.54 0.34
Sodium 06555 PEM 183 17 17
Siliran L oesss | pem 3.6 0.0 3.5 0.4 | 3.5 0.0
defhpem‘..- Wa ol oW ol - El LTV .V V. F.EF.
Boron Ly § 10 11
Magnesium PPM 18 i6 i7
Calcium peM 3558 3351 3412
Barium PPN Q a 0 [
Fhoszphorus [-6535 PPM 1239 1299 1203 1132
Zinc [-6595 PEM 1379 o8 1356 166 1370 588 1311 "
Additional Test Mew Oil ",‘Lcm.m I.H:amm\'-__
Flash Paint o
Wiscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.
No Sign or [f\]s: NORMAL C oor Iu © CAUTION (firstlevel warning fimit) | A or 1 ACTION reqguired | second level warning fimit §

J-Caution Ipper CA O Lewel 1 L-Caution owear CAUTION Level First level waming limit in Upper level andlor Lower level
U-Action . Upper ACTION required Level L-Action & Lower ACTION requ:red Lewel Second level waming limit in Upper level andlor Lower level
Accuracy ofinte-rp-'e‘taﬁon and recommendation are based an rep ives sample and in on supphied. Mo warranty is expressed or impled for this report.

8 Fl., Thosapal Land 4 Sidg., B47/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel: {682) 3681 3600-2 Fax: (662) 351 85487
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ubeCheck ™ - Oil Analysis for Predictive Maintenance

LABCORATCRIES LTD. Page 1 of 2
Gusiomer ; 18004 MR, 703441 Eng
Gusiomer . yoF RRD LAB - o ) _ .
Address - Faculty of Engingering Un!t Type: & Engine Ne Compeasson Overall Cmm Rating
Chulalongkorn University Unit Make : HINO = NORMAL! NORMAL| _ NORMAL
Banakok Unit Modet P11C £ S =
Oil type | . - = =
Testcode : 804 007 014 Viscosity - SHELL RIMULA X 15W-40 o S !
Site Name: NGV DDF Project 5 = 5
Lube System Capacity : 28  Liters Location B =

Recommendations and Notes ~ m =

All wear conditions and wear tests appear in normal working range.

All oil conditions and ol tests appear in normal working range.

All contaminant conditions and contaminant levels appear in normal ranges.

No oil change recommended at this time, cil appears suitable for further use. Continue routine sampling interval.

AS / Ay Sitton
. - N a e
Current ;\ T revluus 15 Sample Alarm Limit Range
Condition History #’ ; ‘\ \ Limit Name (Equipment / 0il) :
N J) \ Engine NGV Hino Rimula X
ok E ?4265 o Y T\ R\ W N 15W40 (ICE)
Date sampled = § ' 30-A01-07 1 |
Hours on Oil % & 0 kms
Hours on Unit & 364463 kms .
Bottle ID 362024 1 ]
o o S — - alsa e ama -t -

Wear Condition

New
Wear Element  Method Unit RD‘ne ‘stwﬂié AL T T VN o1 uoain |

Iron D-6595 PEM ¢ i 5
Chromium D-6595 || PPM CI.6 0.5 | . 0 15 7 13
Lead D-6595 || PPM 1 Iy 0 =20 7 =13
Copper D-6535 PPN 0.2 0.0 5 | 0 =12 £
Tin D-6595 PPM 0.0 5.0 -8 0 >2 12 =22
Aluminum D-6595 PEM 2.0 rf—F i >18 13 225
Nickel D-6595 || PEM 0.4 L ES | [ >2 2
Silver D-6595 PEM 0.1 2.0 [

Melybdenum D-6595 || _pRM 0.9 0o | I 0

Titanium_ a1 [ W T 2 o0 0 - Do — -

= == : 2 : ool B

0il Condition . = ) 4 Mew il l’lﬁﬁr L-Caution  U-Caution | M'l.
Viscosity @ 40 °C D445 =77 | 1

Viscosity @ 100 °C D445 =3 14.3 143 <128

Crxidation FTIR Abs= 9.6 “ 121

Nitration FTIR Abs 5.1 6.1

TAN D974 || makosy. J 2.36 241

TEN D-4739 10.3 140 <2

Contamination - i

Water FTIR % (Wt.) 0.058 ‘ . 0.053

Fuel SAW o % (WE.) 0.10 0.00

Glycol FLIR bhs ! 0 X

Soot FIIR o (WE) 0.39 | 0.00

Sodium D-6595 PRM i5 11

Silican i D655 § pem | 5.2 1.4 - | .. | 1} . »30 15 =25
| Additive E!ement B e—— Rt

Boron C-E555 g 13 i’ 14

Magnesium D-659% e Y 17 n

Calcium oM 3522 ] Kl

Barium PPM i 0

Fhosphorus PRM 1179 1132

Zinc | | § PPM_§ 1411 345 1311
| Additional Test | Mewoil | Ac | L-Cauion  U-Causon | sAGien |
Flash Paint oz |

Viscosity Index

Other

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guidsline.
NoSign or [ f\]s: NORMAL | C o ﬁ TICN | first leved warning limit ) | A or .: ACTION reguired | second level warning fimit )

)-Caution Ipper CAUTION Leve autio wear CAUTION Level First level waming limit in Upper lewel andior Lower level
U-Action . Upper ACTION required Level L F\cuon & Lower ACTION required Level Second level waming limit in Upper leval andior Lowsr level
Accuracy of inf y P ion and recor ion are based on rep i sample and informat: pphed. Mo warranty is expressed or imphed for this report.

8 Fl., Thosapol Land 4 Bidg.. 847/30 Bangna-Trad Rd., KML2, Bangna, Bangkek 10280, Thailand Tel: {662) 381 3600-2 Fax: (6562) 361 8567
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LubeCheck ™ - Oil Analysis for Predictive Main

LABORATORIES LTD. Page 1 of 5

Gustomer . 18004 MR 703441 Eng
ﬁmmer: ICER&D LAB Unit T : Engine NGV Compression :
Address : Faculty of Engineering i ype : =ng P Overall Condition Rating
Chulalengkorn University Unit Make : HINO — NORMAL| NORMAL| _ NORMAL
Bangkok Unit Modek P11C = 5] =
Oiltpel g = g
Testcode : 804 907 914 viscosty ~ * SHELL RIMULA X 15W-40 &S] 3] E]
Site Name: NGV DDF Project g ] = 5
Lube System Capacity : 28  Liters Location .

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

All contaminant conditions and contaminant levels appear in normal ranges.
Continue routine sampling interval.

WC / Ardy Sitton

ol ] L L Frevous Seable Alarim Linit Rangs
ﬁ ﬁﬁl \ﬁ' [&\ ﬁmﬁ*;w ro oil Cont.  |imit Name {Equipment / Oil} :
N )

Condition History

.w N N N N Engine NGV Hino Rimula X

FocusLab ID E - 74929 74720 1 74455 HALIRE)
Date sampled i ! 10-May-07 1 08-May-07 D6-May-07
Hours on Oil Eﬁ & 3141 kms 2105 kms 1073 kms
Hours on Unit i 367604 kms | 366568 kms \ 365536 kms
Bottle ID 365161 1 865156 865154
— e L s smi - —

Wear Condition

Wear Element Method Unit RDﬁIE“FM
6595 4.9 1.2 o

.
Gl Cauion | Uskctien

'I.I-hm'nnh“_

=105

Iron PEM 0 =80
Chromium PPM 0.5 01" £ [ =135 =13
Lead 2] 0.0 17| 0 =20 / =13
Copper PPM 0.6 04 - 7 i =12 >4
Tin PEM 0.0 931 0 »2 12 =22
Aluminum PPN 2.4 1Y 0 -18 13 35
Nickel PR 0.4 0.0 7 0 =2 >2
Silver PRM 0.0 ag ., a

Molybdenum 0.0 i 0

Titanium QD 0. i - [ ooy . g
0il condition = ) 4 Mew Oil IW?l L-Caution  U-Caution l\m#
Viscosity @ 40 °C D-445 1

Viscosity @ 100 °C D-245 13.7 I 13.2 113 <128 13 5 :'5‘;
Oxidation FTIR 9.7 9.5 121 : »18.2
Nitration FTIR h 57 5.4 81 76 =82
TAN 0-574 221 2.21 247 31 23
TEN D-4739 10.4 10.8 1“o <2 4
Contamination - it

Water FTIR | % (Ak) | 0.0480 .0 |00 S 0048 1| 0053

Fuel SAW ok % (Wh) 0.20 0.30 0.10 0.00

Glycol FLIR ¥ a 0 0

Soot FIIA | 2 (W) 0.46 0.44 0.40 0.00

Sodium [-6535 PPM 16 15 i3 11

Siliran C-6595 PP 3.0 0.0 - 2.6 0.0 | 1.9 1.4 2 2 >30 | 25
Additive Element . ———————————————————————————————— T

Boron £-6535 Laay | 11 13 i i3 14

Magnesium . peses | (r ) 2 13 13 17

Calcium 6595 M 3776 y . 378F 3636 3837

Barium D-6535 PPM a a o 5}

Phosphorus Cr6595 ] 1147 1141 1265 1132

Zinc [-6595 PP 1425 627 1395 119 1344 99 RERR > _
ﬁddi‘_ﬁoﬁal Test HewOit || FActen | L-Caution  U-Caution | UbAction
Flash Point - oC | |

Viscosity Index

Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
i :

NoSign or (]} : NORMAL | Coar u s CAUTION | firstlevel wamning limit) | A or .: ACTION reguired | second level warning fimit )

J-Caution Ipper CAUTION Leve L n Lower CAUTION Levsal First level warning limit in Upper level andior Lower level
U-Action - Upper ACTION required Level  L-Action Lower ACTION required Lavel Second level waming limit in Upper lzvel andior Lowsr leve!
Accuracy of i P ion and ion are based on i sample and inft ion supplied Mo warranty is expressed or impled for this report.

8 Fl., Thosapol Land 4 Bidg.. 047/38 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel: {662) 361 5600-2 Fax : (862) 361 8567
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- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Customer . 18004 w70 3441 Eng
Gusmmer ¢ ICER&D LAB Unit T : Engine NGV Cormpression '
Mdress + Faculty of Engineering i Ype : Eng P Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL! NORMAL| _ NORMAL
Bangkok Unit Modet P11C g] 8] =1
Diltype! . 5 i =
Testcode : 804 007 914 Veoliy SHELL RIMULA X 15W-40 =2 S §
Site Name: NGV DDF Project R =1 =
Lube System Capacity : 28  Liters Location =

T T T S g\;x\uilﬂ‘

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS | iy Sitton
Current Sa}@ Prevlws Sampjg Alarm Limit Range
Condition History l l‘l m &\ n.m ~oil Cont. | imit Name (Equipment | 0il) :
N 1] ’rp N N N N N Engine NGV Hino Rimula X
= ~ A L ¥ A . 15W40 (ICE)
FocusLab ID 2 75211 75091 3| 74930
Date sampled ] ‘§ 17-May-07 ] 15-May-07 13-May-07
Hours on Oil ﬁ & 6223 kms 5181 kms 4163 kms
Hours on Unit & 370686 kms 369644 kms . 368626 kms
Bottle ID 865173 1 865171 865165
- - - F - ARSI asnEE 5 i
Wear Condition New H
Wear Element unit -mﬁe Eswé* @'!Mm-\s &ﬁﬁm RFScoarse  ©  Vowin |
Iron PR 3.0 0.0 i
Chromium PPFY U.D : CI.? 0.3 0.3 0.0 i
Lead PPM o 0.7 0.1 0.2 0.0 0
Copper PRM L g | 0.8 a5 | 0.7 0.0 [\
Tin PEM oo 0.0 8.6 0.0 0.4 0
Aluminum PEM 00 = 26 0.0 2.3 0.0 [\
Nickel PPM o0 ¢ 0.6 0.0 0.3 0.0 0
Silver PPM 0.0/} 0.1 0.0 0.0 0.0 0
Molybdenum PEM oo~ 0.2 0.0 N 0.0 0.0 0
Titanium s | e | o 0.0 | 0.0 0.0 0.0 0.0 0
. = 3 SR RS hrEssssssssTEEslEe———— E _ = B — —
Dil COI’IdI[iOII Mew il im“f L-Caution I.I-Baunrm..“m:
- i y | 1 |
Viscosity @ 40 *C 1
Viscosity @ 100 °C 131 cC 131 ¢C 13.2 € M3 <128 <138 5 =157
Owidation 10.0 3.9 9.6 121 »15.1 =182
Mitration 6.7 6.5 6.3 6.1 76 =82
TAN 279 258 2.44 s i - Y
TEN 10.3 . 103 10.6 “o <2 4
Contamination Sptl
Water FIIR % (We) | 0.0460 0 0,046 b 0.046 0.053
Fuel SAW ol 3k (W) 0.20 0.20 1 0.10 0.00
Glycol i b ) ) i 0
Soot FATIR [ % (W) 0.48 0.48 047 0.00
Sodium D-6535 | PoM 13 15 14 1
Silicnn D-6595 PPt 3.0 0.5 2.9 0.9 2.9 0.0 0 2 =30 i3 525
Additive Element ___ Lt
Boron 5555 [ 9 10 S 14
Magnesium D8535 | fPeM | | 12 12 11 i
Calcium 06595 | | BeM 3514 V3758 3572 3837
Barium D-6535 | PEM 1 il 0 0
Phasphaorus D535 | pem 1312 1199 1106 1132
Zinc 06535 | PEM 1351 159 1368 552 1369 120 131 )
.Add':_tfonal Test ) Hese il [M"_j LLauion  U-Caudon | WAgian |
Flash Paint D-3828 oC
Viscosity Index C-2270
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

No Sign or | ] : NORMAL | or u s CAUTION ( firstlevel warning fimit) | A or .: ACTION required | second level warning fimit §

J-Canrtio Upper CAUTION Lev L-Caution Lowwer CA O Level First lewvel warning limit in Upper level andfor Lowsr level
U-Action . UpperArCTlON requlred Level L Action : Lower ACTION required Lavel Second level waming limit in Upper level andlor Lowsr level
#Accuracy of interpretation and recommendation are based on i =sample and information supplied. Mo warranty is expressed or implied for this report.

8 Fl., Thosapol Land 4 Bidg., 847/30 Bangna-Trad Rd., KM.2, Bangna, Bangkok 10280, Thailand Tel : {BB2) 361 8600-3 Fax: (B82) 351 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Coae ™" : 18004 Bl :703441 Eng
ﬁg&:‘lgmer: ICERED LAB Unit T : Engine NGV Compression : 3
Address - Facuity of Enginsering 5 Ype : 9 P Overall Conditmn Hﬂhﬂg
Chulalongkorn University Unit Make : HINO = NORMAL = NORMAL
Banghok Unit Modet P11C 2] g 21
0il type | . 5 = g
Testcode : 804 907 914 Veosiy SHELL RIMULA X 15W-40 S] 3 &
Site Mame: NGV DDF Project &7 = §=
Lube System Capacity : 28 Liters Location =

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
Mote viscosity is lower than normal limits.

All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.

Continue routine sampling interval.

WC [ Andy Sitton
=
e — 4 =
L'errent San Previous Samge Alarm Limit Range
Condition History [ﬂl ‘a‘ ﬂ\ \:‘c"‘ﬂ" ‘\‘!' 'I Limit Name (Equipment / Oil} :
N ﬂ j} I ‘N N N Engine NGV Hino Rimula X
- — i -— = 15W40 (ICE)
FocusLab ID 2 75729 75638 75532
Date sampled i ﬁ | 28-May-07 1 25-May-07 | 21-May-07
Hours on Oil E & 9832 kms 8286 kms 7254 kms
Hours on Unit & 374285 kms | 372748 kms . 371717 kms
Bottle ID 365159 1 865186 | 565180
a— T B .. - —

Wear Condition . Mew |
Wear Element Method Unit Co: Gl UCauion |
Iron PEM 0
Chromium PPM 0
Lead pEM 0
Copper PEM i
Tin PPM 0 !
Aluminum peM 0 2
Nickel pPM 0 !
Silver PPM 0
Molybdenum ] 0
Titanium PP | 0

— — T S = N New0il | LAcion | L-Cauion U-Caution | UnAciion |
0il Condition - “ I ] | g
Viscosity @ 40 °C 1
Viscosity @ 100 °C 12.6 A 129 C 13.0 € 143 <128 5.7
Cwidation 10.4 10.2 10.2 121 5 ~16.2
Mitration 7.1 M 6.9 6.9 [ 1_ 7 f g g
TAN 2.58 2.56 2.40 247 P
TBN 9.4 2.9 11.8 o <2 4
Contamination . gl e
Water | FTIR [%(We) | 0.04%0 | 0044 S 0.049 0.053
Fuel SAW_af % (W) 010 0,10 0.10 0.00
Glycol FUR N 1 fi] 1] ' 0
Soot FIIRy | % (W) 0.46 0.48 0.43 0.00 b =22
Sodium [-6595 PEM i4 15 15 11
Silicnn D-6595 PPM 4.7 0.0 - 3.4 0.0 | .y 3.¥ Iyt ) ’ _ =30 15 =25
Additive Element .. o Mewdm
Boron PN 9 10 ¥ 10 14
Magnesium U N 13 12 7
Calcium APM 3698 § 371 3792 3631
Barium PPM 0 0 o 0
Pheosphorus PR 1223 1153 1150
Zinc PPM 1337 134 1410 137 1379 376 . i ’
Additional Test ‘__.-L-c:.m'nn U-Caution E-lmﬁr
Flash Point gl o
Viscosity Index
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.

NoSign or (]| : NORMAL | C or G o CAUTION | firstlevel warning fimit) | A or .: ACTION required  ( second level warning fimit )

I-Caution Ipper CAUTION Le L-Caution Lower C N Level First level warning limit in Upper level andlor Lowsr level
U-Action - Upper ACTION requlred Level L-Action © Lower ACTION required Lewvel Second level waming limit in Upper level andior Lower level
Accuracy of interpretation and recommendation are based on rep i sample and infi tion supplied. Mo warranty is expressed or imphed for this report

8 Fl., Thosapol Land 4 Bidg.. 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkck 10280, Thailand Tel : {662) 381 3600-2 Fax: (662) 361 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

[ABORATORIES 1D, Page 1 of 5
fustomer . 18004 iR, :70 3441 Eng
fistomer . 1CE R&D LAB N S— )
Address . Faculty of Engineering “! Ve s Lnding i abeiul Overall Condition Rating
Chulalongkorn University Unit Make : HINO = ACTION — NORMAL
Bangkok Unit Modet P11C £ g7 =1
Oil type | . 5 s <
Testcode : B804 907 914 viscosty ¢ SHELL RIMULA X 15W-40 & 3! =
Site Mame : NGV DDF Project 2 = 5:
Lube System Capacity : 28  Liters Location 5

Recommendations and Notes \‘\‘m -

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc, If abnormal condition exists, please inform
laboratory with next sample.

Recommend short sampling intervals of this sample point to monitor the abnormal conditions.

AS | Andy Sithon
e ———— T
. == Prewq_ds_,‘fam le Alarm Limit Range
Condition History p M Wear, ,ﬂ% &\' . Wear ! Cont.  Limit Name (Equipment | Dil) :
. A ﬂ\ i .‘- N N L 5 £ N Egaaeﬂ l{\llgé"}Hino Rimula X

FocusLab ID 3 A | 76434 ' 76353 75907

Date sampled 3 El 13-Jun-07 03-Jun-07 31-May-07

Hours on 0il -~ i 14004 kms 12671 kms . 10837 kms

Hours on Unit & 378467 kms A 377134 kms 375300 kms

Bottle ID A 866215 b 866208 866201

Wear Condition

AT T W » R - 3 N = o Hew
Wear Element Method Unit Rﬁ‘lm’.‘ffﬁn&g: ‘REE%’;M& r &ﬁl\e RFS coarse o
Tron PPM 7.0 1.50 '3 7.4 2.0 7.2 0.0 0
Chromium PPM 0.7 040 1.2 0.0 11 0.0 0
Lead PPM 0.5 00 3 1.2 0.0 | 2.0 0.0 0
Copper PEM 416/5 A 170044« 3061 A 3000 A 173 A 26C 0
Tin ] 0.0 I — 0.0 0.0 0.0 0.0 0
Aluminum PPM 1.9 1 2.4 0.0 2.5 0.0 [
Nickel PRM 0.0 0.0/} 0.6 0.0 0.2 0.0 0
Silver pPM 0.0 00| 0.1 0.0 0.1 0.0 0
Molybdenum oEM 0.0 0.0 0.6 a.0 0.5 0.0 0
Titanium | e 0.0 0.0 0.0 0.0 00 Ao, | 00 0 )
0il Condition ~Ir v o
Viscosity @ 40 °C |
Viscosity @ 100 °C 12.3 A I 12.5 A 12,78 143 <128 <138 =15  >157
Owidation 11.0 11.0 10.6 121 51 =182
Nitration 7.2 i 74 6.1 E 82
TAN 3.26 C 2.76 3.35C o 31 T
TEN 9.1 9.2 9.2 "o <2 y
Contamination oz . . =y
Water FIR [%(Wt) | 00051 4 0.050 1= 0.045 0.053
Fuel AW | oetwe) o 0710 010 g D.10 0.00
Glycol FFIR Bbs 0 i) 0
Soot FIR | S 0.45 0.46 0.45 0.00 b 322
Sodium =2 14 13 15 41 s
Silican pEM 2.7 0.1 | 40 0.0 | 33 0.0 0 =30 15 =25
e T e M et (7l ol
oron -Ba -
Magnesium PP \ 12 12 12 1 iR
Calcium M 3421 ' 3603 3676 3637
Barium PPM 0 0 1] 0
Phosphorus [-6595 PEM 1053 1067 1155 1132
Zinc D-6595 | PEM 1263 129 1391 242 1353 317 KA
Additional Test MewDil | oActien | LCaution  (-Cauton | HiABian |
Flash Paint D-3828 Ll
Viscosity Index D-2270
Other

Mote: Alarm Limits ars variable and dependent upon dataset size and fo be used as general guideline.
NoSign or () : NORMAL | C or & o CAUTION | first leved warning limit) | A or .: ACTION required | second level warning fimit )

MCaution Ipp ON Level L CAUTION Lewel First level warning limit in Upper level andlor Lower level
U-Action - Upper ACTION required Level  L-Action :  Lower ACTION required Level Second level wamning limit in Upper level andior Lower level

Accuracy of interpretation and recommendation are based on representatives sample and information supplhed. Mo warranty is expressed or impfied for this report.
8 Fl., Thosapol Land 4 Bidg.. B47/38 Bangna-Trad Rd., KM.2, Bangna, Bangkck 10260, Thailand Tel : {662) 381 8600-2 Fax : (862) 281 8567
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c“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATORIES LTD. Page 1 of &
Gustomer , 18004 mel, 703441 Eng
Customer
: ICER&D LAB : :
Name & .
RS R R Un!t Type : Engine NGV Compression Overall Condition Rating
Chulalongkarn Univarsity Unit Make : HINO e NORMAL | - NORMAL
Banghok Unit Model : P11C = 5] £
= = =
Testcode : 804 907 914 Qilwe! : SHELL RIMULA X 15W-40 &1 5 £
Site Name : NGV DDF Project 3 = 5
Lube System Capacity : 28 Liters Location : = =

Recommendations and Notes NN/ 77 .

Mote abnormal copper detected.
Recommend shert sampling intervals of this sample point to monitor the abnormal conditions.

AS | Andy Sittan
— — —_—
L.urrent Sam| Previous Sample Alarm Limit Range
Condition History fl il W-J &\ k L 0il - Cont. | jmit Name (Equipment / Qil) :
Ny A | &, & . . N Engine NGV Hino Rimula X
- —  — n o —————— 15W40 (ICE)
FocusLab ID 2 76811 76745 \ 76744
Date sampled T L:l:‘ 17-Jun-07 i 15-Jun-07 15-Jun-07
Hours on 0il = & l 1038 kms 0 kms 14833 kms
Hours on Unit = 380334 kms 370296 kms 379295 kms
Bottle ID 865224 | BEE219 ‘ 86521 8
- v e -
Wear Condition i New
Wear Element Unit RDI# RFs m(‘ ftm;m:mk \E ﬁm RFS coarse '
Iron PPM ol 0
Chromium PPM D 3 [:- 3 1 n 4 D u ~ 1 2 n u 0
Lead PPM 07 00, 4% 10 0.0 17 0.0 a
Copper PPM 556 & 26 C; 78T 2. 2 Ci| 4469 & 335 A a 2
Tin FPM oo vaireg ! 0.0 6.8 0.0 0.0 a 1 =2 12 =22
Aluminum PRI 17 00 —§ 1.9 0.0 23 0.0 i 2 =18 13 =15
Mickel PPM o4 0.0 E 0.5 0.0 0.3 0.0 1] 1 =2 2
Silver FPM 0o 0.0, ¢ 01 0.0 0.1 0.0 a
Molybdenum 8505 | PPM 0.5 oo 11 410 | 1.1 0.0 0
Titanium D-8585 | PRM 0.0 00 |} 0.0 0.0 ! 00 4 0.0 0
: it - - ] Mo 0l | LoMctiem | L-Cauion  U-Caution | bActien |
Qil Condition =-=¥ |
Wiscosity @ 40 °C . .
Viscosity @ 100 °C 13.8 143 123 A 143 <129 136 15 =157
Cixidation 9.3 23 1.1 121 151 =182
Mitration 53 L 5.0 72 6.1 =76 52
TAN 234 240 428 A 247 31 23
TBN 100 9.4 5.3 140 <2 %
Contamination gl
Water FTIR || % (Wt) 0.044 0.051 0.047 0053
Fuel saw || 3 owt) 010 | 0.10 X 0.10 0:00
Glycol erg] abs, 4 ] 0 0
Soot FIR | W) 045 0.44 045 0.00
Soadium D-B585 BPM T 7 14 11
Silicon 0-8585 | PPM 2.6 0.8 7.9 1.2 3.3 0.5 i] >20) 30 15 225
Additive Element g NewGil
Boron EEM 14 16 i 14
Magnesium ReM | 1B 25 | 12 17
Calcium PPM 3408 3447 3400 3637
Barium PP ] o 1] ]
Phasphorus PPN 1131 1186 999 1132
Zinc FPM 1363 159 1328 B05 1304 136 1311
Additional Test Mew il [TIletien | L-Caution - U-Caution [ IiAction |
Flash Point °C
‘iscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as gensral guideline.
Mo Sign or | ] : NORMAL | Cor c : CAUTION (first lewel waming fimit) A or .: ACTION required | second level waming limit )
U-Cautior Upper CA Level L-Caution Lower CA First lewel warning fmit in Upper level andior Lower level
U-Action . Upper ACTION required Level  L-Action : Lower ACTION required Level Second level warning limit in Upper level and/or Lower level
Accuracy of inte‘rpretatiun and recommendation are based on representatives sample and information supplied Mo warranty is expressed or implied for this repart.
8 Fi.. Thosapol Land 4 Bldg.. 947/30 Bangna-Trad Rd., ¥M.3, Bangna, Bangkok 10260, Thailand Tel - (662) 361 BBOD-3 Fax : {B62) 361 BS6T

hittpefhweew_focuslab.co th Email : focuslab@focuslab.co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Coae ™" : 18004 k. :703441 Eng
ﬁg&:‘lgmer: ICERED LAB Unit T : Engine NGV Compression : 3
Address - Facuity of Enginsering 5 Ype : 9 P Overall Conditmn Hﬂhﬂg
Chulalongkorn University Unit Make : HINO = = NORMAL
Bangkok Unit Modet P11C = 5 £
0il type | . 5 2 g
Testcode : 804 907 914 Veosiy SHELL RIMULA X 15W-40 S/ 3 &
Site Mame: NGV DDF Project 8 = §=
Lube System Capacity : 28 Liters Location =

Note abnormal copper detected.
Recommend short sampling intervals of this sample point to menitor the abnermal conditions.

AS | Aredy Sitton
- mmga‘ﬁé'r WA\ T ‘Alarm Limit Range
Condition History € I ‘l M 'k.\ m :k ~oil Cont.  Limit Name (Equipment / Oil) :
& 4 ™lée & ! & B (N | EngineNGVYHinoRimuaX
- - . . W ¥ . AR LN 15W40 (ICE)
FocusLab ID g 77175 77003 \ 76069
Date sampled 5 E ' 24-Jun-07 I 22-Jun-07 \ 20-3un-07
Hours on Oil § & 4172 kms 3133 kms 2069 kms
Hours on Unit & 383468 kms 382428 kms . 381365 kms
Bottle ID 866239 # 866234 866231
- - - TEaew .

Wear Condition

v 3 ST Hew -
Wear Element Method Unit RD#e Fﬂ‘mkﬁ ﬁagw hEﬁne RFScoarse) ™  LCain i
Iron -6 t 3.2 19 : 3.2 0.0 . 3.3 0.2 0
Chromium 0.1 0.4 "} 0.4 0.0 0.7 0.0 0
Lead 0.1 f 0.7 0.0 1.6 0.0 ]
Copper 643 A ; 63.7 A 8.3 A} 63.5 A 37 C 0
Tin 0.0 1 0.0 0.5 0.0 0.3 0
Aluminum 1.2 | 1.5 0.0 2.0 0.0 0
Mickel 0.2 | 0.% 0.0 0.5 0.0 0 =2 »2
Silver 0.0 0.1 0.0 0.1 0.0 0
Malybdenum 0.2 ! 0.6 8.0 | 0.7 0.0 0
Titanium 0.0 0.0 0.0 ! 00 £ 00 0
0il Condition - . -J feem il g
Viscosity @ 40 °C 1
Viscosity @ 100 °C 13.2 C 135 C 13.5 € 13 <128 <135
Owidation 10.2 9.4 9.2 121
Nitration 6.2 y 5.8 5.6 61
TAN 2.56 276 2.48 =
TEN 2.0 10.7 10.5 1o <2
‘Contamination e
Water FIIR | % (Wt) | 0.043 0.046 L 0045 0.053
Fuel saw | % () 0.10 ] 0.10 . 0.10 0.00
Ghycol =33 fre. § 0 0 ! o
Soot FITR || % (We) 0.50 0.48 0.47 0.00 A4 =232
| e
Sodium D555 PPM & ] 8 11
Silicnn D-6595 pEM 3.4 0.0 _— 2.5 0.0 - 3.6 0.0 " 2 =30 =95
Additive Element - Newil
Boron PR 12 13 i 13 14
Magnesium REM y ia i9 ig8 W
Calcium v 3515 / 3722 3595 3637
Barium e 1] 1} o ]
Phosphorus D-6595 PRM 1277 1173 1148 1132
Zinc D-6595 PPM 1332 118 1424 287 1451 191 131 ==y
Additional Test New 0l [ AESR  LCauton (-Causon
Flash Point -3828 ac
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.

NoSign or [\ : NORMAL | Cor & - SAUTION ({ first leved warning limit) | A or .; ACTION required  ({ second level warning fimit )

|-Caution Ipper CAUTION Lewve L-Caution Lower C N Level First level warning limit in Upper level andior Lowsr level

U-Action - Upper ACTION required Level  L-Action : Lower ACTION required Level Second level waming limit in Upoer level andior Lower level

Agcuracy of interpretation and recommendation are based on rep ives sample and inft tion supplisd. Mo warranty is expressed or impled for this report.
8 Fl., Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.2, Bangna, Bangkck 10280, Thailand Tel : {662) 381 3600-2 Fax: (662) 261 8567
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LAEORATCRIES LID. Page 1 of &5
Customer , 15004 i 170 3441 Eng
Gustomer
: ICE R&D LAB : 3

HName & . o &
R © e R Un!t Type : Engine NGY Compression Overall Condition Rating

Chulalongkorn University Unit Make : HINO = = NORMAL

Bangkok Unit Model : P11C g _g_ %,
Testcode : 804 907 914 VidRe, @ SHELL RIMULA X 15W-40 3 g £

Site Name : NGV DDF Project 3 = E

Lube System Capacity : 28 Liters Location : B

Recommendations and Notes ~AAN\1779 =

Nete abnormal copper detected.
Note viscosity is lower than normal limits.

AS ! Andy Sitton
— — = : — T
Current C:a%ﬂ PTewous Samgle Alarm Limit Range
i
Condition History ‘l "d &.\ \ﬁ?ﬂx k DIl Cont. | imit Name (Equipment / Oil) :
fa T . M ' &£ A& N | Engine NGV Hino Rimula X
i - — . — 15W40 (ICE)
FocusLab ID 0 " 77896 77831 \ 77365
Date sampled z E I 07-Jul-07 i 05-Jul-07 \ 28-Jun-07
Houes: on (i = a 8391 kms | 7309 kms 5480 kms
Hours on Unit £ 387687 kms 386605 kms 384776 kms
Bottle ID 865255 .1 866253 . 866244
- o ——
Wear Condition y s
Wear Element  Method  Unit I!D# ﬁw @M NE fine RFScoarse
Iran D505 | PPM 1.7 a
Chromium FPM 'I D [JD ; I]ﬁ [13 . 04 0.7 a
Lead FPM 19 o4 7 11 38 0.3 53 1]
Copper PPM T0.00A 2T C ; 66.9 4 2.1 & 1 B7.4 & o c 0
Tin PPM 0.0 0.0 .o 0.0 o7 0.0 38 1]
Aluminum FRM 22 oo ¢ 13 00 1.7 0.0 0
Mickel PPM 0.5 0-f—¢ 0.1 0.0 01 0.8 1]
Silver PPM 0.1 0.0 ¥ 0.0 0.0 0.0 0.0 1]
Molybdenum PPM 0.9 oo L o2 0.0 0.0 0.5 0
Titanium | 0.0 01 | 0.0 0.0 I 0.0 £ 0.0 1
0il Condition = =) Ve i R | o e R
Viscosity @ 40 °C H 3
Viscosity @ 100°C 128 A 125 A 130 C 143 <129 <136 15 >15.7
Oxidation 10.6 108 101 121 151 =182
Mitration B5 BT 6.3 61 76 s
TAN 293 424 A 322 ¢ 247 31 =»37
TBM 101 10.4 1003 140 <2
Contamination fexi
‘Water FTIR T Wt 0.041 0.044 | 0.043 0053
Fuel saw N % (wt) 0.10 + o0 oo 0.00
Glycol el | ars g 0 i g ]
Soot Y E ] 0.78 0.52 050 0.00 14 =32
Sodium il & L] 6 11
Silicon FPM 30 07 26 0.7 3.1 1.4 g w>20 3D 315 235
Additive Element o - — Newdil
Boran PR [ o 1D 10 i i 14
Magnesium FEM \ 18 16 18 17
Calcium 2PM 3457 3206 3610 3637
Barium Frm 0 ! i] 1] a
Phosphorus BPM 1257 1158 1147 1132
Zine | | eem | 1406 104 1381 el 1406 142 &3 Ol
Add monal Test Hew il |" 3 LCaution Mimnlm
Fiash Point | o ]
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Mo Sign or N NORMAL | C or J o CAUTION { first level waming fimit ) | A or .: ACTION required | second level waming limit )
ULa ipper CAUTION Level L-Caution Lowar CAUT First level warning bmit in Upper kevel andior Lower level
U-Acl.ion . LFpper ACTION required Level L-Action : Lower ACTION required Lewvel Second level warning Bmit in Upper level andlor Lower levsl
sy of int .,_ and iztion are based on representatives sample and information supplied Mo warranty is expressed or implied for this report.
8 Fi, Thosapol Land 4 Bldg.. 947/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10260, Thailand Tel: {682) 361 8600-3 Fax: (662) 361 8567
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c“s LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Cusiomer . 1 g4 e 703441 Eng
ﬁg;:gmer scRCRImEERAn Unit T : Engine NGV Compression
Address - Faculty of Enginsering . ype : g D Overall cmmmm
Chulalongkorn University Unit Make : HINO = ACTION = NORMAL
Bangkok Unit Modek P11C b= 153 £)
Oil type ! £y di= -
Testcode : 804 907 914 Visemity @ SHELL RIMULA X 15W-40 37 8 £l
Site Name: NGV DDF Project b =] g
Lube System Capacity : 28  Liters Location =

Recommendations and Notes < :.1\1&“"7774

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

Oil condition tests indicate that the oil is near the end of it's useful service life.

S [ Andy Sitton
- _— T
Prewog? Sample Alarm Limit Range
Condition History A; ‘\(&% ‘W Cont. Limit Name (Equipment / Oil) :
. & . Engine NGV Hino Rimula X
FocusLab ID 3 |. 78534 ! 78330 78164 TaNAGICE)
Date sampled E 5 19-Jul-07 14-Jul-07 12-Jul-07
Hours on Oil :‘E & 12290 kms 11270 kms 10229 kms
Hours on Unit - 391586 kms 1 390566 kms 389525 kms
Bottle ID | 868161 1 868159 368154
- = 20T roc— -
Wear Condition New .
Wear Element Unit Rﬁ?ﬂ mls‘-‘ WR.FSM ﬁﬁl‘lﬂ RFS coarse O UGauion | Uhedim  U-Caution - U-Acsion
Iron PEM 4.9 0a” £ 1.9 0 =108 45 =60
Chromium PEM 0.6 i el | 0,4 1.1 u.s 0.0 0 =13 7 -13
Lead PEM 0.8 00 ! 0.5 85 Cf 0.8 0.0 0 >20 7 »13
Copper PPM 94.4 A 19247 824 A 34 C 75.1 A 31C ] >12 ; >4
Tin PEM 0.0 00 - 0.0 2.6 0.0 0.0 ] 1 2 12 =22
Aluminum PEM 1.5 o011 1.6 1.6 i.8 0.0 0 =18 13 =25
Nickel PEM 0.0 00 .-} 0.0 0.3 0.5 0.0 0 1 22 =2
Silver PER 0.0 go~ | 0.0 0.0 0.1 0.0 0
Maolybdenum PPM 0.3 0.0 0.3 1.3 0.5 0.0 0
Titanium ool 8 0.0 0.0 § 0.0 e — 0.0 0.0 i
N —_— ——
0il Condition Mo Ol [[IoAGaR | Lauion  U-Caudan
- SR LS L | I
Viscosity @ 40 °C D-345 (=4
Viscosity @ 100 € | D445 1254 E 12.5 A I 1278 3 <28 <38 5 >157
Cxidation FTIR 11.4 11.6 11.2 121 : >162
Nitration FTIR 7.0 7.0 6.8 61 7 =82
TAN 0574 347 C 3.74 A 3.30 C 2471 31 =T
TEN D-4739 9.2 9.5 9.7 1#o < 4 X
Contamination il Ucauron B
- —
Water FTIR 4K % (WE.) 0.049 0.043 4. 0.046 0.053
Fuel SRy T Wi Q.10 0.10 ] 0.10 0.00
Glycol FIIR fibs 0 0 ]
Soat PR | sl 0.50 0.50 0.51 0.00
Sodium PEM 6 6 i [ 14
T — - T Y S T ST RN
Additive Element AV EalYalI'EUEIATaX VI E'ILa’ '
Boron P 3 | 7 8 ‘ 1
Magnesium 16 | by 18 17
Calcium PEM 3108 3476 3803 3637
Barium PEM 2 [i] (1] 0
Phosphorus PPM 1145 1191 1290 1132
Zinc PPM 1217 332 1263 117 1373 146 1311
J\ddi‘l:ional Test Mew il L-Caution  U-Caution
Flash Point e
Viscosity Index D—H?c
COther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or () : NORMAL | C or c s CAUTION [ firstlevel warmning imit) | A or .: ACTION required | second level warning fimit )

)-Caution Ipper CAL L ticn Lower CAUTION Level First level warning limit in Upper level andior Lowsr level
U-Action - UpperACTION rEqu!red Level L-Action :  Lower ACTION required Level Second level waming limit in Upper level andlor Lower level
Accuracy of interpretation and recommendaficn are based on rep iwes sample and inf ion supphied. Mo warranty is expressed or implhed for this report

& Fl., Thosapal Land 4 Bidg.. 847/38 Bangna-Trad Rd., KM.2, Bangna. Bangkok 10280, Thailand Tel : {B62) 361 8600-2 Fax : (882) 3681 8557

hitpifwenw focuslab.co.th Email : focuslab@focuslab.co.th
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%c“s - Oil Analysis for Predictive Maintenance

[ABCRATORIES LID. Page 1 of 5

LubeCheck ™

T3

Unit Type : Engine NGV Compression

Ebgomer . 18004 :70 3441 Eng

Fi4Sieme : ICE R&D LAB : :
Overall Condition Rating

Address - Faculty of Engineering N
Chulalongkorn University Unit Make : HINO =
Banghok Unit Modek P11C 15 &1
Oitype! . SHEIL RIMULA X 15W-40 it =
Test code 804 Qo7 a14 Viscosity . E ] E )
Site Name : NGV DDF Project = 5.
Lube System Capacity : 28  Liters Location

Note abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratary with next sample.

Oil condition tests indicate that the oil is near the end of it's useful service life.

AS | Andy Sitton

Alarm Limit Range

= =
L — -

Prevlous S-ample

Current Sa mple

Condition History ﬂ“" il ﬂ Wear, ﬂ* \‘3‘7‘\&- Cont. | imit Name (Equipment / 0il) :
B 2 ¥ \ . & @ W & N | EngineNGY HinoRimulaX
- L A W R e — 15W40 (ICE)
FocusLab ID 2 l 79090 ] 78898 78693
Date sampled T 3 27-Jul-07 25-Jul-07 21-1ul-07
Hours on Oil = & 15832 kms 14808 kms 13303 kms
Hours on Unit E 385128 kms f 384104 kms 392599 kms
Bottle ID ‘L 868170 ! 865168 868165
- - . - —_ — . -
‘Wear Condition 4 New
WearElement  Method Unit Rﬁm‘ﬁ&zm;, W S'c E&ﬂm RFScoarse
Iran - ¥ 0.0 1.2 i
Chromium u.? G-J} f u.s 0.0 0.7 0.2 [
Lead 0.4 4 0.8 Do | 1.2 29 0
Copper 158.6 A 61784 1956 A 34 C 146.3 A 49 A il
Tin 0.0 A 0.4 0.0 0.0 1.6 0
Aluminurm 1.5 [ I 1.7 0.0 17 0.0 0
Nickel 0.0 ol 0.0 0.0 0.1 0.0 0
Silver 0.0 0.0 0.0 0.0 0.0 0.0 [
Melybdenum 0.2 0.0 0.2 0.0 0.4 0.0 0
Titanium 0.0 00 0.0 0.0 00~ ) 0.1 o
0il Condition — o | Mol
Viscosity @ 40 °C
Viscosity @ 100 °C 122 A 12.3 A 12474 143 <128 <13 5 3157
Oxidation 12.3 12 11.9 121 »16.2
Nitration 72 i 7.4 6.1 s
TAN 37 c 245 C 3.20°C 247 237
TEN 8.2 8.4 8.9 4o 2 3
Contamination il emiion
e . -, :
Water FTIR _J %0 (WE 0.048 0.050 T 0.048 0.053
Fuel S 0.0 olio £ 410 0.00
Glycol AR Abs [} ] o
Soot FIR | 2w 0.50 ! 0.48 0.50 0.00 14 =22
Sodium PEM [ [ [ |
Silicnn | Mez: peM 3.2 0.5 3.3 00 # 3.5 0.5 '3 2 30 15 =25
“ddm"fﬂﬁl“s!lt.-— . W o W W el N e W N e WV W W W e W =0l
Boron L 3 5 “
Magnesium M 17 15 i5 .| 17
Calcium PP 3338 3284 3346 337
Barium peM a 1] (1] 0
Phosphorus pPM 1112 1148 1152 1132
Zinc. pPM 1276 58 1320 43 1326 117 i =
|additional Test e Ol [ Gien | -Caion-Causon | BAcien |
Flash Point B
Viscosity Index
Cther

NoSign or [N\ : NORMAL |

N Leve

J-Cautic Ipper CAL

U-Action

or a : CAUTIC

- Upper ACTION required Level  L-
Accuracy of interpretation and recommendation are based on repr

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
& { first lewed warning fimit) |

Action

& or

Lower ACTION required Level

sample and supplied.

ACTION required

| second level warning fimit )

First level warning limit in Upper level andlor Lower level
Second level waming limit in Upper level andior Lower level
Mo warranty is expressed or impled for this report.

8 FI., Thosapol Land 4 Sidg.. 847/32 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10260, Thailand

hitpcwaenaw. focuslab. coth

Tel : (662) 381 8600-3 Fax :(B682) 381 8567
Email : focuslabi@focuslab_co.th
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 3
Customer . 18004 ke 70 3445 Eng
Kuslomer . 7CE R&D LAB - Enaine NGV Co ) _ _
nit Type : Engine mpression : 5
Address : Faculty of Engineering 5 9 P Overall Condition Rating
Chulalongkorn University Unit Make : HINO = NORMAL| NORMAL _ NORMAL
Bangkok Unit Modet P11C =3 57 =3
Oil type / = =8 2
Testcode : 804 907 014 Viscosty ~ * SHELL RIMULA X 15W-40 a S gl
Site Mame: NGV DDF Project a7 = §=
Lube System Capacity : 28  Liters Location : =
Recommendations and Notes - \X\Q‘”',,,‘
All wear conditions and wear tests appear in normal working range.
All oil conditions and oil tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
No oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.
A5 | Ardy Sitton
= —
CLII’TE' nt Sa Pre'wuus Sam e Alarm Limit Range
Condition History ﬂ : ‘\ \ Limit Name {Equipment [ Oil} :
N w { w | Engine NGV Hino Rimula X
- — ] — i ——— 18W40 (ICE)
FocusLab ID 2 74721
Date sampled H § ' 08-May-07 | ‘
Hours on Oil = & 0 kms
Hours on Unit E 406342 kms .
Bottle ID 3651590 ':
- - B SE——— - —
Wear Condition Nee N
Wear Element . B B L o
Iron . 0
Chromium a
Lead a
Copper 1 g
Tin 0 1
Aluminum 0 2
Nickel Y !
Silver 0
Maolybdenum l 0
Titanium a
Nl ey 2 Mew Gl | AR | L-Cauiion  U-Cauton | Usbgtion |
0il Condition ) ]
Viscosity @ 40 °C : P
Viscosity @ 100 °C 43 g i
Cxidation 121 >18.2
Nitration 81 >92
TAN 247 1 =37
TEN “Ho <
Contamination - pem
Water [ fo(we) | 0.058 \ ' 0.053
Fuel ¥ 9% (W) .30 0.00
Glycol AR a £
Soot 2 (W) 0,40 0.00
Sodium peM 14 1"
Silicon__ pPM 6.0 34 1o | — (] »30 1 »25
Additive Element. e ———————— e
Boron § g 16 i 4
Magnesium Pt \ b § 1%
Caleium BpM 3799 [l &7
Barium PeM i} 0
Phosphorus PPM 11594 1132
Zinc poM 1415 510 1311
Additional Test ' New 0it | Acion | LCaution  U-Causon [ Uskction |
Flash Point fozss| oc |
Viscosity Index D-2270
Other
Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.
Mo Sign or | ]z NORMAL | C or E o CAUTION (firstlevel warning imit) | A or .: ACTION reguired | second level warning fimit )
U-Caution Ipper CAUTION Leve L-Caution Lower C First level warning limit in Upper level andior Lower level
U-Action - Upper ACTION required Level  L-Action : Lower ACTION required Level Second level waming limit in Upper level andior Lower leve!
Accuracy of interpretation and recommendation are based on rep i sample and infi it 1 Mo warranty is expressed or imphed for this report
& Fl., Thosapel Land 4 Sidg.. 847/38 Bangna-Trad Rd., KM 2, Bangna, Bangkok 10280, Thailand Tel: (562) 361 2600-3 Fax: (852) 361 8567

hitpciiwww. focuslab.co.th Email : focuslabi@focuslab coth
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LubeCheck '

Predictive Maintenance

[ABORATCRIES ITD.

Page 1 of 5
Gustomer . 18004 BB - 70 3445 Eng
fistomer . 7CE R&D LAB - Eeine NGY Co ) _ _
ni : Engine mpression : :
Address - Facuity of Enginsering % ype 9 P Overall Condition Rating
Chulalengkorn University Unit Make : HINO = NORMAL| NORMAL' _ NORMAL
Bangkok Unit Model P11C =7 57 &
Jibme! . SHELL RIMULA X 15W-40 S E £
Test code 804 Q07 014 Viscosity : o 51 Bl
Site Name: NGV DDF Project 27 =1 E,\
Lube System Capacity : 28  Liters Location : =
Recommendations and Notes ~ \X\i “”777‘
All oil conditions and oil tests appear in normal working range.
All wear conditions and wear tests appear in normal working range.
All contaminant conditions and contaminant levels appear in normal ranges.
No oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.
AS | Andy Sitton
= —
Curre nt S;p T " Previous Sample Alarm Limit Range
Condition History M "g‘ é\ ‘hnil‘i“" Cont.  imit Name (Equipment | Oil) :
N w N ANV NY N, 'N N Engine NGV Hino Rimula X
a— w‘___,ﬁ: — - 15W40 (ICE
FocusLab ID 3 o 75212 75092 1 74931 teE)
Date sampled i 7 | 17-May-07 1 15-May-07 | 12-May-07
Hours on Oil Eﬁ & 3181 kms 2206 kms 386 kms
Hours on Unit & 410123 kms 409148 kms 407928 kms
Bottle ID 865172 ] 865168 865163
— P R 1 —
Wear Condition (s
Wear Element  Method Unit RDEfine [RFSkoase  ROEfine RFScoarse RDEfine RFScoarse ©°
Tran 4.3 40 - 3.8 0.0 3.8 0.0 0
Chromium 0.5 o0.6° A 04 0.0 0.5 0.0 0
Lead 0.3 o=t 0.2 0.0 0.8 0.0 1
Copper 0.5 98 1 0.4 oo | 0.3 0.0 [
Tin 0.0 1 0.0 0.0 0.0 8.1 0
Aluminum 3.4 —F 3.4 0.0 3.3 0.0 0
Mickel 0.7 T | 0.5 0.0 0.6 0.0 a
Silver 0.1 040,/ 0.0 0.0 0.1 0.0 a
Molybdenum 0.5 00" § 0.1 0.0 0.1 0.0 0
Titanium 00 | 0.0 0.0 0.0 P 1
: P — Mew Gil | LoAmien | Laution  U-Caution | Unhtian |
0il Condition . 4 | ] | "
Viscosity @ 40 °C : i A
Viscosity @ 100 °C 13.9 14.2 14.2 143 <128 157
Owidation 10.0 9.4 2.4 121 =182
Nitration 6.1 5.7 5.3 61 =82
TAN 2.43 2.62 2.65 24T 11 2
TEN 10.5 11.0 10.8 1“0 <2
Contamination _ Mo 0l Aot
Water | PR fee(w) | 0.045 0.045 -, 0.044 0.053
Fuel SAW_afl % (W) 0.20 0.20 | 0.10 0.00
Glycol FLIR Gc) 1 0 1] L o
Soct FIIR % (Wi 0.50 .49 0.47 0.00 14 =22
Sodium [-6595 PEM 18 17 15 11
Silicon_ D653 PEM 2.4 0.6 - 2.7 0.0 | . 2.6 0.0 1] =30 1 =25
Additive Element. I I I o Mewm
Boron <6535 PM, ® 13 (] 14 L
Magnesium . Desss | (Pt | | 185 15 15 i
Calcium p-csog] | (BeMd 3732 ¢ 3904 3778 BT
Barium PPM a a 0 0
Fhosphorus PPM 12886 1210 1187 1132
Zinc PPM 1390 330 1453 113 1438 670 B 3
Additional Test Mew il | L-Agtien | L-Caution  U-Cauion | UiAdion |
Flash Paint oc
Viscosity Index
Other

C or { first lewed warning limit )

Mo Sign or (]} : MORMAL |

Inner CALTT é: "

U-Action - Upper ACTION required Level  L-Action Lower ACTION required Lewvel
Accuracy of interpretation and recommendation are based on representatives sample and information supplisd.

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
. A or .; ACTION recuired  ( second level warning fimit )

First level warning limit in Upper level andior Lower level
Second level waming limit in Upper level andior Lower level
Mo warranty is expressed or imphed for this report.

8 Fl., Thosapol Land 4 Bidg.. 047/30 Bangna-Trad Rd., KM.2, Bangna. Bangkok 10280, Thailand
hitp:ifiwww. focuslab.coth

Tel : (662) 361 8600-2 Fax: (652) 361 8567

Email : focuslab@focuslab coth



384

3107 9-91 uaA9lUILUNANINAABLIUNTUUABRUANLATAIUE LWINHIATN 70-3445
dl QJ%I o a ' o &Y a ! =K a
iU a s NAUANTSITNTA bT9TTEIENIG 4632 D9 6611 NlaLNAT

- Oil Analysis for Predictive Maintenance

LABCRATCRIES LTD. Page 1 of 5
Coae™" : 18004 et 1703445 Eng
Gusiomer . TCE RED LAB Unit Tvbe : Engine NGV Co ]
Address - Faculty of Enginsering n! ype : tngine TS Overall Condition Rating
Chulalongkorn University Unit Make : HINO < NORMAL| NORMAL| _ NORMAL
Bangkok Unit Model: P11C £] 5 2]

Oil type | . 5 i =
Testcode : 804 007 014 VadlBey ¢ SHELL RIMULA X 15W-40 31 5 E]

Site Name : NGV DDF Project 3] = E
Lube System Capacity : 28  Liters Location : 5
Recommendations and Notss AN\1777 =
All wear conditions and wear tests appear in normal working range.
All oil conditions and oil tests appear in normal working range.
All contaminant conditions and contarninant levels appear in normal ranges.
Mo oil change recommended at this time, oil appears suitable for further use. Continue routine sampling interval.

W | Andy Sitton
Current S?l \Prewous Sam e Alarm Limit Range
s = 5%
Condition History # ﬁ E&\ MNI Cont. | imit Name (Equipment | Oil) :
I\L ' Ny *F’NV N N ,a_ N Engine NGV Hino Rimula X
- — - - - - —— 15W40 (ICE)

FocusLab ID ] - 75730 ?5533 75352
Date sampled z o | 26-May-07 ' 22-May-07 | 20-May-07
Hours on Oil Eﬁ & 6611 kms 5503 kms 4532 kms
Hours on Unit 2 413553 kms | 412545 kms . 411574 kms

Bottle ID | | L 865187 865182 | 865178

-

Wear Condition

Kew

Wear Element  Method _Unit nn‘ne ‘f&b&é huw &ﬁm RFScoarse ™
Tron F # 0.0 0
Chromium 0.0 T u.s us 0.0 0
Lead 1 1.2 1.3 0.0 0
Copper 01 i 0.6 0.5 0.0 0
Tin L il | 0.0 0.0 0.0 0 2
Aluminum ot 3.8 S 0.0 0 =18 13 =25
Nickel L 0.4 0.4 0.0 0 =2 1 =2
Silver 00471 0.1 0.0 0.0 0
Malybdenum an” § 0.7 0.7 0.0 0
Titanium 0.0 0.0 oo / | 00 [ — " -
0il Condition - 4 o] [ -Covien casion
Wiscosity @ 40 °C |
Viscosity @ 100 °C 134 C I 135 143 <128
Cixidaticn 10.0 10.0 121
Nitration 6.5 6.4 6.1
TAN 241 2.7 247
TBN | 10.5 10.5 ki
Contamination . s
Wiater | D045 S 0042 0.053 5 =04
Fuel 0.10 | 0.10 0.00 : =5
Glycol 0 " ]
Soot RIIR % (Wi 0.52 0.52 0.52 0.00 4 2] 2
Sodium D-6595 PPM 17 17 i4 1
Silicon ! 6595 | peM | 31 0.0 a= 27 38 . 30 0.0 ] z »30 | =25
Addd!vg‘ﬂzment e ————————————————————————————————— =i
Boron ¥ PPM 11 11 4 12 14
Magnesium . O RNES 15 15 i
Calcium ey 3835 | kv 3623 3837
Barium PEM 7 0 1 0
Phasphomus PPM 1300 1224 1285 132
Zinc i | pem | 1336 415 1387 187 1384 93 1311
Additional Test Mew 0l [ Loaution -Caution ||
Flash Point z oc
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

Mo Sign or (] ): NORMAL | C or g & - { first level warning limit ) | A or . : ACTION reguired | second level warning fimit )

-Caution Ipper CALT L-Caution Lower C N Lewv First lzvel warning limit in Upper level andior Lower level
U-Action . Upper ACTION requlred Level L-Action :  Lower ACTION required Lewel Second level waming limit in Upper leval andior Lower leve!
Agccuracy nfintE@Etaﬁm and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or implied for this report

@ Fl., Thosapol Land 4 Sidg.. 847/3% Bangna-Trad Rd., KM.2, Bangna. Bangkok 10280, Thailand Tel: (662) 361 8600-2 Fax:(6G2) 361 8547

hitoifwwanw. focuslab.coth Email : focuslabi@focuslab.coth
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LubeCheck ™-0

Analysis for Predictive Maintenance

LAEORATORIES LTD. Page 1 of 5
Customer , {g()04 miB. :703445Eng
Gustomer
: ICE R&D LAB : 1

Name i . i i
e A —— Un!t Type : Engine NGY Compression Overall Condition Rating

Chulalongkorn University Unit Make : HINO = NORMAL| NORMAL' _ NORMAL

Bangkok Unit Model : P11G £] 5 =7
Testcode : 804 907 914 VaREy ¢ SHELL RIMULA X 15W-40 31 & £l

Site Name : NGV DDF Project k4 =1 E

Lube System Capacity : 28 Liters Location : =
Recommendations and Notes ANN11777 .

Note some test values are near to the Alarm Limits, or slightly over the Alarm Limits, but are not considered serious at this time.
All other wear tests and oil condition tests appear satisfactory, and the oil was still serviceable at the time of sampling.
Continue routine sampling interval.

AS ! Ardy Sitton
r e o . = —
T Current Sarple r LAY P}e\gq:t% Sample Alarm Limit Range
Condition History IM nﬂ i«\ }3@' i_ﬁ;‘;‘j% £ 0il  Cont. |imit Name (Equipment / Oil) :
N N AN QO ; N) N & N Engine NGV Hino Rimula X
= — e s - - 15W40 (ICE)
FocusLab ID B 76485 76354 \ 76057
Date sampled g § I 12-Jun-07 " 09-Jun-07 | 02-Jun-07
Hours on Oil 7} & 10518 kms 8030 kms 7585 kms
Hours on Unit E 417460 kms 415972 kms . 414527 kms
Bottle ID 866214 # BE6209 866202
. — - . pwa .
‘Wear Condition K i - New
Wear Element it RDEfne RFSecoarse « RO RDEfine RFScoarse O
Iron B2 16 3 53 0.0 0
Chromium 1.1 119 % 12 03 i}
Lead 0.5 w8 A 12 0.0 0
Copper 2.8 oz 03 0.1 0
Tin 0.0 a6 A 0.0 13 il
Aluminum 32 4 35 0.0 1]
Mickel 02 i 0.4 0.0 1]
Silver 0.0 0o . 5 0.1 0.0 0
Molybdenum D.1 oo 1 . | 1.0 0.0 [}
AlEnioy L e ! ;”I_” £ 02 A
Qil Condition - b R oo G couion SRR
Viscosity @ 40 °C ¥ ¥ H
Viscosity @ 100°C | taoc 132 C 133¢c 143 =129 <1 *15.7
Oxidation Absfl 105 10.3 102 121 »18.2
Mitration 71 7.0 6.8 61 [ =9.2
TAN J 27 253 332 o 247 31 =37
TBM =1 10.0 10.4 10.4 140 <2
Contamination _ = |
Water FTIR )| 0.047 0.045 b 0045 0.053 2046
Fusl saw | ] 0.10 0.10 1 010 0.00 >3
Glycol =i E= 4 1] o i 0
Soat iR B sy 0.47 D.48 050 0.00 14 =23
Sodium ] 18 17 18 1
Silicen PPM 3:3 09 43 17 L 31 0.0 a y 30 5 35
Additive Element _ New il
Boron D-G569, || PRI 10 9 ! " 14
Magnesium D-85085 PEM 16 14 16 v
Calcium \ D505 | [\PM ar1e j 308 3547 3637
Barium PPN o o 1 a
Phosphorus PPM 1163 1078 1223 1132
Zine PPM 1344 190 1326 156 1309 298 1311 K
Additional Test HewDil | | LCauion UCauton | Acion |
Flash Point oG
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
Mo Sign or N - NORMAL | C = TEOR { firsk level waming imit ) | A or ACTION required | second level warning limit )

U-Lautior Upper CAUTION Lewvel L-Caution Lower CAUT vel
U-Bction Upper ACTION required Level  L-Action Lower ACTION required Level

First level warning bmit in Upper level andior Lower level
Second level warning mit in Upper lzvel andlor Lower level

Accuracy of inte‘rpretatiun and recommendation are based on representatives sample and information supplied

Mo warranty is expressed or implied for this report.

8 Fi, Thosapol Land 4 Bldg.. 847/28 Bangna-Trad Rd.. FM.3, Bangna, Bangkok 10260, Thailand
hittp:thwenewfocuslab.co.th

Tel : {682) 361 BBOD-3 Fax: (662) 361 8567
Email : focuslab@focuslab.co.th
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- Oil Analysis for Predictive Maintenance

LABGQRATCRIES LTD. Page 1 of 5
gustomer . 18004 mE,  :70 3445 Eng
Gusiomer . TCE ReD LAB . o )
Address . Faculty of Enginsering Un!t Ty Engine: NOY Compeion Overall Condition Rating
Chulalongkorn University Unit Make : HINO = ACTION = NORMAL
Bangkok Unit Modet P1iC = s 27
Qiitype! . £ s Z
Testcode : 804 907 014 Viscosity  + SHELL RIMULA X 15W-40 S g EJ
Site Mame: NGV DDF Praject 3 = E
Lube System Capacity : 28 Liters Location 3

Recommendations and Notes. S NWA

Note viscosity is lower than normal limits.
Mote abnormal copper detected.

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratary with next sample.
Recommend short sampling intervals of this sample point to monitor the abnormal conditions.

AS | Andy Sitton
= - e e =
Preuia;s\%ample Alarm Limit Range
Condition History 4 ; ont ‘%‘ Cont.  Limit Name (Equipment / Oil) :
B 4 PN WA W N Engine NGV Hino Rimula X

- o = - — - —— 15W40 (ICE
FocusLab ID 3| A e ! 76813 76812 1e8)
Date sampled g 2 21-Jun-07 18-Jun-07 16-Jun-07
Hours on Oil ™ & 13997 kms | 13003 kms 12040 kms
Hours on Unit L 420939 kms : 419945 kms 418982 kms

866229 | 866223

B

Bottle ID | | | Bes23
Wear Condition

P S A 4 { New
Wear Element  Method Unit  RDE finc RFS coarse . RDE fine RFS co * RDEfine RFScoarse
F 6.4 0.0 5.2 L 5.3

Iron D-6595 PPM | 2.0 0
Chromium D-6595 | PPM 1.2 60—3% 1.2 0.4 1.4 0.6 0
Lead PEM 1.0 0o, | 12 oo | 1.6 0.0 0
Copper PEM 243.1 A 37147 704 A 5.1 A 23.6 A 1.9 [ 2 ”
Tin PEM 0.0 ot 0.0 3.3 0.0 33 0 | »2 12 >2
Aluminum pEM 3.0 ey | 2.7 0.0 3.0 0.0 0 >18 13 >25
Nickel ppM 0.1 0478 0.2 0.0 0.6 0.0 0 =2 1 22
Silver Rt 0.0 oo | 0.0 0.0 0.1 0.0 0
Melybdenum PEM 0.0 0.0 0.4 0.0 0.7 0.0 0
Titanium 5 |WPPLF——0:0 0.0« 0.0 0.0 = 80/ 00 1 —
i el New Til - L-Caution  U-Caution N
0il Condition \vs ; vl ‘Lm| m
Viscosity @ 40 °C D445 st
Viscosity @ 100 °C D-445 st 1284 H 129 C I 12.9°€ 143 <128 <138 5 157
Oxidation FTIR 11.3 10.8 11.0 121 5 +16.2
Nitration FTIR 7.3 7.1 7.3 E1 78 282
TAN o974 2,95 2,57 2,86 i Bt
TEBN | D4739 | m | 9.1 9.6 5.3 uo <2 " -
Contamination ! e by |
Water FIIRH % (Ut.) | 0.052 0.049 0.049 0.053 5 046
Fuel saw 1l Tiwe) .10 0.10 { o010 0.00 3 =5
Glycol FIIR Bbs o o 0
Soot FRER | 9efve) 0.50 0.48 0.47 0.00 14 22
| RFS coarse |
Sodium PRM 20 21 ! 20 "W 4 RFS
Silicen 95 | mem f 43 0.0 2.9 25 3.5 3.7 i ; 30 1 »25
I 34 ~ECRRR R NG - SR ) ORI - S 1 A .
aditve Clegregt T e e L
ron
Magnesium PrM 16 ] 14 14 .| i7
Calcium PPM 3888 3513 3485 3837
Barium PEM 1] 1] 0 [\
Phaosphorus PR 1080 1077 1060 1132
Zinc PPM 1433 322 1308 191 1337 199 311 :
Additional Test Mew0il | LAcien  L-Caufion  U-Caution | U-Sction
Flash Point %
Viscosity Index
Other

Mote: Alarm Limits are variable and dependent upon dataset size and fo be used as general guideline.

NoSign or () : NORMAL | E or g { first level warning limit ) | A or .: ACTION reguired | second level warning limit )

-Caution Ipper CALT i Lewve L-Caution Lower C 10N Level First level wamning limit in Upper level andlor Lowsr level
U-Action . Upper ACTION required Level  L-Action :  Lower ACTION required Level Second level waming limit in Upper level andior Lowsr level
Agcuracy of interpretation and recommendation are based on rep ives sample and information supplied. Mo warranty is expressed or implied for this report.
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LubeCheck ™ - Oil Analysis for Predictive Maintenance

LABGORATCRIES LTD. Page 1 of 5

Customer . 18004 iR, 703445 Eng

fiistomer . ICE R&D LAB Unit Tvbe : Engine NGV Co ) _

Address . Faculty of Enginsering I‘I! ype : =ngine THNESID Overall Condition mQ
Chulalongkorn University Unit Make : HINO

s ACTION | _ ACTION | _ NORMAL

Bangkok Unit Modek P11C = S7
il type | . 5 §=
Testcode : 804 907  Ol4 Vsclhiyy SHELL RIMULA X 15W-40 o 3!
Site Name : NGV DDF Project @ =
Lube System Capacity : 28  Liters Location =

Recommendations and Notes aNNN1777 .

Note abnormal copper detected.
Note TAN is above Alarm Limits,

Recommend check for other abnormal operating parameters, i.e., vibration, noise, heat etc. If abnormal condition exists, please inform
laboratory with next sample.

AS | Ardy Sithon
I —— -
Currept Sample F’,re‘z,viq;l“s*Sam e Alarm Limit Range
Condition History Jﬂrﬁﬂ “ 0 a “&gﬂf Cont.  Limit Name (Equipment | Dil) :
B R v . . ® | . & N | Engine NGV Hino Rimula X
= I 4 ¥ A 15W40 (ICE)
FocusLab ID 2 Y | 77832 [ 77690 77487
Date sampled i 3 05-1ul-07 03-Jul-07 01-Jul-07
Hours on Oil Eﬁ & 16924 kms 16000 kms ‘ 14983 kms
Hours on Unit R 423866 kms i 422942 kms 421925 kms
Bottle ID A 866254 I 866251 | Be6248

Wear Condition

Wear Ekﬁmt Method Unit nﬁm‘é‘&am;‘ I NEW’ _ﬁﬁne RFS coarse

Iron D-6595 PEM i 5.6 0.0
Chromium ] 1..? DB £ 1.5 U.D 11 0.0
Lead PEM 1.3 B3 1.6 0o | 0.7 0.0
Copper PEM 440.8 4 13.5¢A.0 © 3268 A 13.0 A 319.0 A 10.2 A
Tin PPN 0.0 . | 0.0 0.0 0.0 0.0
Aluminum PPM 3.0 0z 2.8 Q.0 2.5 0.0
MNickel PR 0.2 151 ] 0.5 0.0 0.2 0.0
Silver PRM 0.0 00 1 0.1 0.0 0.0 0.0
Molybdenum PR 0.7 0.0 0.6 0.0 0.1 0.0
Titanium Lo 8 0.0 00 1 0.0 0.0 00 . 00 "
0il Condition = | New Oil Im L-Caution U-Caution,
Viscosity @ 40 °C D445 |
Viscosity @ 100 °C D445 13.7 133 E 12874 43 <129 138 5 =>157
Oxidation FTIR 12.2 H 12.0 10.4 121 15 »>182
Nitration FTIR 7.5 74 6.5 &l T8 82
TAN 0-574 4.82 A 482 & 3.51%€ 24T S
TEN 04735 6.8 | 3.4 8.5 4o <2 A
Contamination St
-~ — —
Water FIR _fe(We) | 0.052 1 n.048 10042 0.053 5 »048
Fuel sawl | st 47 oo 020 ¢ 0.10 000 =5
Glycol HIR Abs (1] o o
Soot RARY || %%"ve) 0.65 l 0.59 0.52 0.00 ! =22
Sodium [C-6535 PPM 19 19 21 e
Silicon D-6535 PEM 3.2 1.4 2.6 0§ y 3.1 0.0 o 2 =30 1 =25
Additstisnep O on oo o on o= on ot o o oo o o o o eI
Boron VRN E: 7 7 ‘I 1
Magnesium ~ D-65950 | SRPM 15 15 14 ir
Calcium D-6595 || “PPM 3485 | 3av1 3626 37
Barium D-6535 PPM Q 1] ] 0
Phosphorus [-6595 PPM 1168 1153 1027 1132
Zinc D-6555 PEM 1366 116 1435 128 1312 96 1311 S E——
| Additional Test N i [ EBEERRT] Lo - [ 38EHRR)
Flash Paint %C
Viscosity Index
Other
Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
No Sign or |\ : NORMAL | or n - CAUTION ( firstlevel warning limit) | A or .: ACTION required | second level warning fimit )

- autios Upper CAUTION Lev L-C N Lower CAUTION Level First level warning limit in Upper level andior Lower level
U-Action . UpperArCTlON requ:red Level L-Action : Lower ACTION required Level Second lkevel wamning limit in Upper level andlor Lower leve!
Acouracy Ofil‘l[E‘l‘p(E(aTlOl‘l and recommendation are based on representatives sample and information supplied. Mo warranty is expressed or implied for this report.
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- Oil Analysis for Predictive Maintenance

LABORATCRIES LTD. Page 1 of 5
Gustomer . 18004 Womber  : 70 3445 Eng
ustomer
Rusiomer . [CE R&D LAB . e )
Address : Faculty of Engineering Un!t TVpe £ Engine NeV Compekn Overall Condition Rating
Chulalongkorn University Unit Make : HINO = ACTION — NORMAL
Bangkok Unit Model P11C =1 5 &7
Qitwe! . SHEIL RIMULA X 15W-40 37 5 £
Testcode : 804 an7? 914 Viscosity = o 3 Ea
Site Mame: NGV DDF Project 8 = S;
Lube System Capacity : 28 Liters Location : =
Recommendations and Notes aaN\1777-
Note abnormal copper detected.
0il condition tests indicate that the oil is slightly degraded.
Nitration may indicate cylinder blow-by.
Recommend change oil and flush system with clean oil, if the oil from this sample is still in use in this component.
AS [ Andy Sitton
current Sample | T L0 Prewuus Sample Alarm Limit Range
Condition History ﬁ ﬁ}p@‘ Vﬁ‘ t&\‘c‘!‘ﬁ‘ ‘%z!' Cont.  imit Name (Equipment | Oil} :

B 4 v B m B | Engine NGV Hino Rimula X

— L o R - -_ 15W40 {ICE)

FocusLab ID ‘g 78331 78165 77897
Date sampled i3 = 14-Jul-07 ! 12-Jul-07 1 08-Jul-07
Hours on Oil 2 & 20399 kms 19433 kms 18162 kms
Hours on Unit & 427341 kms | 426374 kms 425104 kms
Bottle ID 368157 i 368156 . 866257
. o = E Y e = = =%
Wear Condition . v IR
Wear Element  Method Unit ; coz RDE fine RFScoarse O Uauin |
Iron D-6595 pEM 7.5 1.0 0 5
Chromium PPM 1.6 0.0 0
Lead PPM 1.4 0.7 0
Copper PEM 468.3 A i5.1 A 0
Tin PPM 0.0 0.0 0
Aluminum peM 3.5 0.0 0
Nickel pEM 0.2 0.0 0 =2 52
Silver PPM 0.1 0.0 0
Maolybdenum s 7] 0.3 0.0 0
Titanium =] 0.0 0.1 1}
0il Condition 4 4 ew il
Viscosity @ 40 °C 1
Viscosity @ 100 'C 141 14.6 I 14.3 143
Oxidation 12.8 12.7 12.4 121
Nitration 76 C M 77 C 7.4 &1
TAN 348 C 3.70 A 4,59 A 247
TEN Fil 7.1 6.4 140
Contamination . pensl
Water ] % (WE) | 0.0500 . D.0st i 0.046 0.053
Fuel % (W) 040 0.40 0.10 000
Glycol Gy 1 a 1] o
Soot % (W) 0.84 0.81 1.00 0.00
Sodium PEM 23 21 ig 11
Silicnn PR 3:9 1.2 gy 1] 00 L. 40 0.2 ] ; »30 15 =235
Additive Element o Mewldl
Boron § PN 5 5 i 5 14
Magnesium RN ES 14 15 7
Calcium eM 3814 | 3828 3586 3631
Barium PRM a 5 (1] 0
Fhosphorus PEM 1148 1260 1181 1132
Tinc PPN 1256 163 1325 140 1407 99 81 , i B
Additional Test Mew Til I)&ﬁ_ﬁf_ L-Caution Uﬁuﬁmm
Flash Point D-3628 oc
Viscosity Index D-2270
Cther

Mote: Alarm Limits are variable and dependent upon dataset size and to be used as general guidsline.

NoSign or (N): NORMAL , Sor 8 c CAUTION (frstlevelwaming fmit) A er .: ACTION ranuired | s2cond level warning fimit §
Ippe L n Lower CAUT | First level warning limit in Upper level andlor Lower level
U-Action 2 Upper ACTION requlred Level L-Action : Lower ACTION requlred Lewel Second level waming limit in Upper level andlor Lower level
Accuracy of interpretation and recommendation are based on rep tafives sample and inft tion supplisd. Mo warranty is expressed or impbed for this report.
8 Fl., Thosapol Land 4 Bidg., 847/38 Bangna-Trad Rd., KM.3, Bangna, Bangkok 10280, Thailand Tel : {682) 301 8800-2 Fax: (8G2) 281 8567
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