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Nattawut Sasitorn 2009: Comparison Experimental Study of Performance and Wear in
Carburetor and Injection System Motorcycle with Jatropha-Gasoline Blended Fuel.
Master of Engineering (Mechanical Engineering), Major Field: Mechanical
Engineering, Department of Mechanical Engineering. Thesis Advisor:

Assistant Professor Taweedej Sirithanapipat, Ph.D. 131 pages.

The research aims to verify the possibility of using the mixed-fuel between jatropha oil
and gasoline. Gasoline used in the research has a octane number of 91. The ratio of mixed-fuel
between jatropha oil and gasoline is 95:5 and 90:10. The physical properties of the jatropha oil
and mixed-fuel are presented. The comparisons of using this mixed-fuel are carried on under the
aspects of performance, fuel consumption, emission and wearing. The tested vehicle is the 4-
stroke carburetor and Injection engine motorcycle. The mixed-fuel acidity and viscosity exhibit
insignificant change after the several weeks period. No separation of the jatropha oil and
gasoline is detected. After the road test, using Bangkok driving pattern, the engine is able to
operate with the mixed-fuel. In carburetor engine, the maximum torque is less than the pure
gasoline about 0.68% and 1.24%, maximum power is less than the pure gasoline about 5.35%
and 11.4%, fuel consumption is higher about 6.21% and 12.74%. In Injection engine, the
maximum torque is less than the pure gasoline about 0.99% and 1.65%, maximum power is less
than the pure gasoline about 5.9% and 2.47%, fuel consumption is higher about 2.26% and
12.12%. Emissions on THC and CO are less than the standard as well. Physical wearing on parts
is not different from the engine using gasoline octane 91. The effects of mixed-fuel to engines

show that they were no significant difference in dimension and surface of the two test engines.
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FuamlnioTusfy 185531931 TA0 Indian Standards Institution (1S) 11 1980 BenFemms
N 1AsTIU IS: 10000 MvuaIsms A 12 daudeiu ﬁiwaz!ﬁﬂﬂﬂiﬂﬂﬂﬁ]il‘ﬁﬂﬂﬁij”lu
AANZD1904 (Standard reference conditions) N1 M3 IUNTNATDU (Preparation for tests) 13
NAADUFAUTIDUS (Performance tests) mimaﬂumisﬁu%gﬂuizﬂsnmmu (Endurance tests)

ATTAVNANY (Smoke levels) HazMIIAAIMIANHIO (Measurements for wear)

7.2.2 The European Union Vehicle Emissions Standards
avnmg s 1&imstmualflFaunsaldnuafivdmusaniessuduia
Toduiinaneonundmiteluil 1990 nieidenufemmzii 1asgiu Euo 1 uaz1diing
Wandelile a8 nnatesay Ao Buro 2 1l 1996, Euro 3 T3] 2000, 1ag Buro 4 11l 2005 Tae
Tuilagtiuldimshnldfunsosoudamalinasgiudand e ndas

v

d' ) @ A saq Yo o a = I 45} Aa
M1919N 3 European Standards mmmmmﬂum1/1‘161114mumwﬁuuammmﬂuwamm

Gasoline Diesel
Standard
Lead Sulfur (ppm) Sulfur (ppm)
Euro 1 0 NA NA
Euro 2 0 500 500
Euro 3 0 150 350
Euro 4 0 50° 50°
Euro 5° NA NA 50"
LENREN Y] ppm = parts per million, NA = not applicable

*10 PPM is in the late stages of Adoption by the European Union

° Heavy Duty Diesel Engines Only

31 Asian Development Bank (2008)
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Standards
Country Effectivity Vehicle Type co HC HC + NO,_  Remarks
Bangladesh — — 35g/km — 2.0g/km  Under discussion test =
ECE R40
Cambodia current 2-stroke 4.0% 3,000 ppm — Idle test
current 4-stroke 4.0% 2,400 ppm — Idle test
Hong Kong, China current 4-stroke 13.0g/km 3.0g/km 0.3 g/km
(NO, only)
current 2-stroke 8.0g/km 4.0g/km 0.1 g/km
(NO_only)
India 2000 2-and 4-stroke 2.0 g/km — 2g/km As per IDC
2005 proposed  2-and 4-stroke  1.5g/km — 1.5g/km  As per IDC; Deterioration
factor =1.2
2005 3-wheel gas 225g/km — 2.0g/km
2005 3-wheel diesel 1.0g/km — 0.85 g/km
Indonesia 2001 2-and 4-stroke  12.0g/km — 10.0 g/km ECE R47
2004 2-and 4-stroke  8.0g/km — 5.0g/km ECER47
2007 proposed  2-and 4-stroke  5.0g/km — 3.0g/km ECER47
Japan current 2-stroke 144g/km 526g/km —
current 4-stroke 200g/km 293 g/km —
Malaysia 2003 proposed  2-stroke 80g/km 4.0g/km  0.1g/km 97/24/EC
(NO, only)
2003 proposed  4-stroke 13.0g/km 3.0g/km 03 g/km 97/24/EC
(NO, only)
Philippines current 2-and 4-stroke  6.0% — — Idle test
2003 2-and 4-stroke  4.5% — — Idle test
PRC 2003 2-stroke 4.0% 4,000 ppm — Idle test
2003 4-stroke 4.0% 1,000 ppm — Idle test
Beijing 2001 2-stroke 1.50% 3,000 ppm — Idle test
2001 4-stroke 1.50% 300 ppm  — Idle test
Singapore current 2-and 4-stroke  120g/km — 5.0g/km  must comply with US 40
CFR 86.410-80
Sri Lanka current 2-and 4-stroke  6.0g/km — — Low-idling
Taipei,China current 2-and 4-stroke  4.0% 6,000 ppm — Idle warm test
2004, January 2-and 4-stroke  3.0% 2,000 ppm — Idle cold test
Thailand current 2-and 4-stroke 4.5g/km 3.0g/km — Free acceleration; 30%
white smoke
2003, July 2-and 4-stroke  3.5g/km — 2.0g/km  Evaporative emission 2g
test; 15% white smoke
2004, July 2-and 4-stroke  3.5g/km — 1.8 g/km  Without evaporative
emission standard;15%
white smoke
Viet Nam 2004 proposed  2-and 4-stroke  4.5g/km — 3.0g/km
2007 proposed  2-and 4-stroke  3.5g/km — 2.0 g/km
2004 proposed Moped 6.0g/km — 3.0g/km  For 3 and 4 wheelers
multiply by 2
2007 proposed  2-wheel Moped 1.0 g/km — 1.2 g/km
2007 proposed  3-and 4-wheel 3.5g/km — 2.4 g/km

Moped
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M319N 4 (519)

LENREN Y] 97/24/EC = Directive 97/24/EC of the European Parliament and of the Council
of 17 June 1997 on certain components and characteristics of two or three-wheel
motor vehicles, CO = carbon monoxide, ECE R40 = Economic Commission for
Europe Regulation 40 — Emission of gaseous pollutants of motorcycles, ECE
R47 = Economic Commission for Europe Regulation 47 - Emission of gaseous
pollutants of mopeds, g/km = gram per kilometer, HC = hydrocarbons, IDC =
Indian Drive Cycle, NOx = nitrogen oxides, ppm = parts per million, US 40
CFR 86.410-80 = United States Code of Federal Regulations (US 40 CFR

86.410-80) emissions standard
31 Asian Development Bank (2008)
7.2.3 Japanese Industrial Standard {t@1¢ Japanese Automobile standard
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AANUTNTUA 9 msnagoueMUaNANUTNTY 100-35 % Tumsnadenliamss

4

= 3 A A I ¥ A [ a [ ' @
Waun (Lwaclwllmammawumqqqﬂ) USueammsgaseila HazdnI 1@ IUNANDINANY

]
v A
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Womas (A/F) n1R1aMasaNga (Best power) imsangnnesiuginisiriogulednve

Q

1 = Yo A y 9 @ dy
5a'l0d waz i aieunuudou (hotter plugs) IAHaNMINATD LA

d' A saq ¥ 3 &y a
MATNN S uﬁmNamiwﬂﬁauﬁmiaummmi’eNﬂum‘i/lcl,ma‘muamﬂuwamm

Optimum Spark
Break power | Water Blend Ethanol Thermal
Proof % ) ) ") Advance
(kW) (Gal/hr) (Ib/kKW-hr) Efficiency (% (°BTDC)

100(200) 35.54 6.85 1.265 21.2 17.5
95(190) 34.43 7.53 1.379 19.4 20.4
90(180) 34.05 7.94 1.397 19.2 213
80(160) 33.60 9.52 1.511 17.8 27.0
70(140) 33.91 11.33 1.558 17.2 29.0
55(110) 31.31 14.53 1.713 15.6 35.0
50(100) 32.02 19.00 1.998 13.4 36.0
45(90) 31.58 17.90 1.712 15.6 41.5
40(80) 30.87 20.87 1.798 14.9 47.0
35(70) 2542 26.70 2.484 10.8 50.0

301 : Duck and Bruce (1945)
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Brinkman (1981) TaimsAnyinavedasdIumIoa (Compression ratio, CR ) {8
. . 1 1 a A s Aq Y IS
Equivalence ratio () @oaussaus uagnisilassuanvveuniossua nlyenueaily
g a ~ = o { %) = I g a 4 4 I
Womaulseuneununlgunalodwdudomas 19aTe90Ua Waukesha nadey 11y
A 4 = A v I = [ [ o 9
nFosuagUIA) shguiidnvaztundsransnlsudadiunmson 1q (Removable dome
¢ ' A A '
head, RDH) uaz 1Honiueansgns 99.5% minadoulagdiua1 CR (5uf 7.5 09 18 uaza
Equivalence ratio (357 1.2 94 52AU119GA (lean limit) azilsueemmsyaszidanhidegaga
[ Y H $
(minimum advance for best torque, MBT) Iagmsi/ssuiiisunuuna loauin CR 7.5 ¥4 lawa
A T W A saq ¥ I dy a Yo A
MSNATOU NAT CRANINY (CR. 7.5) 1nT09euan Isoniueal]uiyeamasez 1viaia1e q Tagh
a A 9 A d?’ 1 !
YszanimmunuanuseuiiuIe 3 % mslaaiass NOx gagaanas 40 % msiaailass
g a { 1 (BN} Y] 1 a I'4
wornaan 1w 11sY (Unburned fuel, UBF) tag CO lug1anu mstlaniassdunsdas (Alde
4 g A A A sq o 4 & a q9
Hyde) INNAUU 110 — 360 % Loty CR. 910 7.5-18 1n5ossuan Imemuoaduwsomas 4
Y v 9
e 9 aeil Uszaninimmeanudowniniu 18 % msanildos NOxgegaanad 30 % ns
1 4 o 1 [ 1 4 a { 1
Yanases asueuueuenlya tar1lndiReeny msdaadaeedomasi lawm 115 (Unburned

fuel, UBF) INAU 25-200 % anlaosdun3dans (Alde Hyde) (WAL 50-140 %
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1.1 n3euduazgilnsaindl Uszneudae
=1 4
1.1.1 unn®s (Beaker)
1.1.2 vaoanadaol (Test Tube)
1.1.3 n32UDNAN (Graduated Cylinder)
1.1.4 n328N599 (Funnel)
1.1.5 unaud (Grass Rod)
1.1.6 17159 (Burette)
1.1.7 viaeallila (Pipette)
1.1.8 v9U51193 (Flask)
A 9 @ Y 9 . . .
1.1.9 n3esnuasnsounulvanuion (Heating Magnetic Stirrer)

1.1.10 Test Tube Holder 1¥dmsuiuniaoanaaou
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3 @ 4 Y _dq 9
M 29 uaasgilnsaliniinazineawninldlumsnaass

1.2 195093AAAMNUKIIALULY Kinematic

MW 30 LAAUATDIDIAANUHNILALDY Kinematic HAZHADATAANNHNUA Size 100 (F18)

1agSize 200 (V1)
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1.3 1nTesinfoonnu (Cooperative Fuel Research engine %30 CFR Engine)

MW 31 1A504 Cooperative Fuel Research engine W38 CFR Engine

9 o ' g‘ % a I 1 A
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FI9TDVFIN 900 30UABUIN (HFUNAADY Motor Octane Number, MON) Tagiinsnadon
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a a 4 $
2.1 usade lau Tuiines (Chassis Dynamometer) 8170 Schenck laalduamas il
I a [
HUUNTZUAATY Direct  Current  (DC) AI15DNATOUANMT I 1409 200 Alawnasao
) g} o a [ o":: Qy o
#2119 hminsonaaeugaga 500 nlansy gUnsainanualsznoudls gnnas (Roller) Wa

X o ¥ 3 3 A o o
ay (Varlable-speed fan) Tlﬂlﬁﬂ’nmi’Jﬁml’ﬂi@ﬂJﬂ’ﬂﬂJﬁ’Jiﬂﬂlﬂiﬁﬂﬂu@ﬂlmzﬂWﬂﬁﬂﬂﬁﬂﬂ

. o .
i 33 anvaaslaun Tudmesn1glunsnaaey (Chassis Dynamometer) 818 Schenck

3 o ! . 3 A A o v 99
2.2 32UUNUNIBYNN (Exhaust gas sampling system) Wwasesledmsulunuuay
k4
RFENA0E19E IS UMIATINIAYTIaEsuaNE MUy Jalagnse (Direct Sampler) A In

Tasns199919 101&8 (Constant Volume Sampler (CVS))

! 3 o I a
MNTA 34 STULNUAIDINNANY (Exhaust gas sampling system)
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a g a @ 1 a 3
2.3 3EUVUATIENANNANY (Emission analysis system) aunsadamvany lasiay
v
o % [ o
Direct Measurement 18> CVS Measurement Tﬂﬂmmmmmsmﬁau”lﬁ'mimﬂimuﬂum

LU 4 IWHIZHAL 2 IWHIL

H a I Y 9 a
fn‘l"lﬁ 35 HAANISUVIUANTIZUDYA (S618) LA TZUUMTNATDUFNITOUSHATUANY (V1)
A A CEY =
3. lﬂiﬂﬁuﬂ!lﬂgﬂqﬂﬂﬁﬂ!?ﬂﬂ1§ﬁﬂ‘ﬁ§f’)

3.1 N031HeAIMOA (Vernier Digital) ¥i1a 0-150 mm 1¥1umsinsizrvinaves

Y1 = A
angulaglininnuaz®eai 0.01 mm

MNA 36 1951H18AIADA (Vernier Digital) YU1A 0-150 mm
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3.2 NABIDNENINAINDA (Digital Camera)
P, a o2 Y} ' = ~ o 2 A
T lumsdnszisudiudeaudar lumsSeuieudnyazvosruanuiiang
A 1 o -Qy ] A 4 Y 9
nasuulasneunaae ULz nAININATOUFUAIUVDUATOIOUA gngy Houn Tnil i
v [ a 1 § o 1 4 4
angu Wadieu tazasuwiuTnune loids Nszezna1Nst1ua1e o veuniotsud la

T¥ndoea100 W Nikon Ju D40 taud 18-55 U,

MW 37 N30981007W Nikon JU D40 AU 18-55 U,

33 ﬂé'mi;amiﬁﬁgmmm (Optical Microscope) Nikon iu MEG600

NN 38 ﬂé’mgamiﬁﬁgmmm (Optical Microscope) Nikon 3:1! MEG600
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15 1unsasrvdoDanINmMs n1soveIHIMIgNEY NoUIAZHAINTNATDY

A

iosnngnguilvinannugenuansze: liaveandes Jsdesihimsdammnzdinuuves

o v qU 1y v ¢ ] . . & 9 a
aﬂﬁﬂﬁ?ﬂiﬂﬁlﬂfﬁll‘!ﬂﬁﬁﬂﬂﬂﬁﬂﬂaﬂﬁﬂaﬂiiﬁulmﬂﬁl%uﬁﬂ (Optlcal mlcroscope) HINADIYUA

U QU

[ U

Yo w A = 1 dg’ (K% 4 Yo
@Nﬂﬁ']'Jfﬂll15ﬂ1ﬁﬂ1ﬁ\3"“8181’lﬂq0ﬂ5$lﬂm 5949 100 1M ﬂlu@ﬂﬂﬂlauﬁiﬂﬁflﬁq Uagizee

U

i avosaud

3.4 1A3090IANINUTUTZURIRIMIF AT (Surface roughness tester) 80 Mitutoyo

u 81201 Taefidoyamamaiindenis i 7

o

M 39 in5eelioTannuvguszvesiminduia 8o Mitutoyo 31 SI-201

3197 7 Joyamunaiinveuniodiso InuguseuoI@ I IduRa 8o Mitutoyo Ju S1-201

X-axis (drive unit) Details
Measuring range 12.5 mm
Measuring speed 0.25, 0.5mm/s
Range 350 4M (200 M to +150 £M)
Detecting method Skid measurement
Measuring force 4mN or 0.75mN (low force type)
Stylus tip Diamond 90°

nn: Mitutoyo SJ-201 service manual (2007)
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3.5 1A5093AT YT T 1%) Energy Dispersive X-ray Spectrometer (EDS)

$ 4 a Jd a . .
MNA 40 1AT09UATIZHYT T 16) Energy Dispersive X-ray Spectrometer (EDS)
I A A A 4 Aa 9/::’ Aa Aa a
WHwnTelloasiznmlsuasa lanadquamtazsdalsnna @i
Y R < A Y o ' o & A
nagousuuiuvewds vourad viouneld luszdunitemsiadlu % 50 ppm
4
Taoldnann138959d X — Ray 1Ufa¥uaiudiedne uaziaseaums nseaenasay (Energy

. . = 9 o v =2 o )
Dispersive) ﬂﬁzmua@ﬂm‘lugﬂ X-Ray Fluorescence ﬁ]z%ﬂﬁﬂﬂﬂﬂﬁﬁﬂ?ﬂﬁﬂ%ﬁﬂh

YTuveIsgaInan

A o a %) = Ay 1
3.6 Lﬂﬁ@ﬁ?ﬂﬂﬁﬂ?mﬂ%ﬁllﬂlﬁﬂ (Gas Analyzer) 8%19 Sun JU MGA1200

! %vol CO

- %vol CO.

ppm vol HG

% wvol COcor

d‘ A o a 4] = Ay 1
M 41 195093059 lo1de (Gas Analyzer) 8% Sun 3U MGA1200
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@ [ [ <3 4 1 @ 1 {
1¥1lumsdaalodolszinn colaslianilulosiGud Hs19m3Taain 0-10%
[ 1 Y] 1 4 I~ [ ] @ H
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[ oy ] 1 . . [ I~4 4 rd
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Ra - Roughness Average of the R-curve

f(x)

Ra is the arithmetic mean of the departures of the roughness
profile from the mean line within the evaluation length.
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asgu luToda (ASTM D6751) azu1as§1u Rapeseed Oil (Jatropha Handbook, 2006) 94
Ulﬁ’ﬁwﬁywﬁuﬁy:ﬁﬁﬁwmimiﬁﬁ'ﬂ HaziuMINTeadIenensesva 3 luasou dauaaq
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Rapeseed v
Properties/Contents Method Unit T ASTM ASTM UM
ot D975 D6751
Density ASTM D4052 kg/m3 900-930 810-870 860-900 918.6
Flash point ASTM D93 e 220 >52 120 240
Sulphated ash ASTM D874 % 0.01 - 0.02 0.64
Acid Value ASTM D664 mg 2.0 - 0.8 0.45
KOH/g

Kinematic viscosity | ASTM D445 cSt 38 1.8-4.1 1.9-8.0 43.00
Sulphur Content ASTM D2622 % 0.2 <0.05 0.0015 0.13
Phosphorus Cont. ASTM D3231 mg/kg 15 - - -
Cetane ASTM D613 - - >47 47 54

HINYLTA) t http://www.fact-fuels.org, 2006. Jatropha Handbook, First Draft.
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Sample
Test Item
Method (ASTM) Standard ' G100 J5 J10
Acid Value - - 0.31% 0.42% 0.68%
Viscosity D445 - 0.61 cSt 0.68 cSt | 0.75 cSt
Density vis(700) D4052 - 0.7429 0.7466 0.7566
API @60F D4052 - 58.9 56.82 54.35
SG API @60F D4052 - 0.7432 0.7514 0.7613
Sulphur D4294 0.05 %wt | 0.02 %wt | 0.01 %wt | 0.01 %wt
Vapour Pressure D4953 < 62kPa 57 kPa 62.4kPa | 60.5 kPa
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Sample
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Method (ASTM) | Standard"' | G100 J5 J10
Distillation
IBP - 359°C 34.7°C 35.7°C
10% Evaporated 70 °C 55°C 55.5°C 51.9°C
50% Evaporated D86 70-110 °C 90 °C 94.5°C 92.1°C
90% Evaporated 170 °C 155°C 170.0°C | 172.9°C
End Point 200 °C 188 °C 198.2°C | 3314°C
Residue - 0.8 %Vol | 5%Vol 1 %Vol
Oxygenated Additive D4953 S11%vol | 2%vol | 0.51 %vol | 2.49 %vol
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Water E203 <0.7%wt | 0.0 %wt | 0.03 %wt | 0.03 %wt
Research Method (RON) D2699 90.6 91.0 90.6 89.2
Motor Method (MON) D2700 79.6 82 82 81
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9 0.6805 0.7600
10 0.6805 0.7600
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ad a I'd 9 1 =) = . . .
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ad a Ia Jd (a P A a d? a Y Y
- AFMIINIIEHANIIEHUTUIUT NNV ANAVUDURININGNFUAS B3
i ImgAenT 04 Energy Dispersive X-ray Spectrometer (EDS)

- AEmsnaaevdszaniamiauieundeenmiuns 19a1u (Sparking Test)
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Wadew 18 lumsldanuszeze1d og19lsnaulumanlseuinenTasns14a1mane (Visual
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an a Ia < a 1 A a dgl a Y
1.1.2 'J‘ﬁfﬂi')mﬁ1$ﬁﬂlﬂ§1$ﬁﬂﬁﬂ1ﬂ!‘ﬁ'}ﬂ%1ﬂﬁm']VILﬂﬂ‘lJu‘]JuW'JWu"IQﬂq‘ULLag

o lmdaunTeq Energy Dispersive X-ray Spectrometer (EDS)
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LwmmimdawﬂﬁumﬁmhiuumumﬁauwmWaslmﬂﬂmmwm&mmq
2 WY1 o ' ' A /R (A Y y A A A
ﬁ]q"l,ﬂmmamammvuu1"I,1Jamﬁwmﬂsmmmmﬂmq Tagl41nT0930 EDS %50 Energy
a vAa ] [ Y v Awv A 4
Dispersive X-ray Spectrometer t ﬁﬂﬂﬂgﬂﬂﬂﬁﬁlmuﬁﬁﬂﬁﬂnﬁﬂ ADIUUIYINYIFITAATLAS

maluTaguralszmalngldnanmsnaasuduaniluaisian 13

d' a Y] d' oy Y 1 d' a 9
M1319N 13 ‘]Jﬁil']ﬂ!‘ﬁ"lﬂIaﬁgﬁuﬂﬂW‘UIﬂﬂu"M1!ﬂjuﬂiTULMMWﬂLﬂQQWﬂﬂ1§61“])'\‘]']1!

ﬂ?mmmqﬁwuhmﬁmﬁn
Sample

C (0] Na Al S Si Cl Ca Fe Ni Zn

G100 62 23.5 - 0.98 - - 0.24 | 6.91 2 - 432

Carburetor J5 62.5 [ 253 - 1.33 - 047 | 0.51 | 4.04 | 0.37 - 5.5
J10 68.8 [ 23.3 - 0.48 - - 035 | 1.36 - - 5.64

G100 21 263 | 045 | 0.66 | 0.1 | 0.19 1.66 | 0.73 | 0.37 | 5.6

Injection J5 213 | 225 | 1.56 | 0.47 - - 022 [ 1.85 - 1.13 | 10.5
J10 23.8 | 24.8 - 1.7 - - 1.1 247 - - 16.1

d' 9 a wAa 1 (% I v Av A 4 =S 1
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M1 14 Mmanaaevlszaninmiauiiouninms Ifahiurauuugu-ad

G100 J5 J10
Item Spec Inspection
Carb| Inj |Carb| Inj | Carb | Inj
Part Number CPR6EA-9
Insulation resistance 2500 MQ Multimeter ) 0 ) 0 0 0
Sparking 23 kg/cm2 Sparking M/C 11.5 | 115 | 11.5 | 85 7.5 4.5
Inside Resistance 3.0-7.5kQ Resistant Meter | 4.039 | 5.438 | 5.72 | 4.832 | 4.818 | 4.730
Judgments OK | OK | OK | OK | NG | NG

H a v < o 3 o w
A1n: UTEN asududnamhsalan 19 (2551)
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a 4 a o 1 !
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1 4
Analysis) Tagl¥misarenimalrondesgansseninuunes (Optical Microscope)
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Mmmsnageuniiniunagey G100 Nvwawnainihdiunaaey J5 uavuiavesgnguinly

2

Y Y '
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52.40
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52.38 /

5237 4 & /

52.36

52.35 -
52.34 —0— New G100 =2 J5 —¥—J10
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52.78
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52.7 - —@— New G100 —<J5 —k—J10

52.69 !
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WU T-Test aaoT1lsunsu SPSS oM 1zriaAmuutlsisruimadunni gngulvinds
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(Surface Roughness Tester)
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Mmsnageu TasmslSeuifieugnguildaundinugngundalildnm
[ [4) [ o . 4 1
mslsaulumsnagevsziinmsnageuuulazszay ¥in1s Calibrate  1AT09UBNOUNT
3 J { 1 3 1
NATOULAZAIAT Cutoff Length 91 0.8 mm. Tagnanin1nuvjvszoonuuilu A1 Roughness

Average of R-curve (Ra) JaHam3aaananaluaisei 15

v Y
a d a
M5199 15 wam‘immwwmmmm;mmmﬁum (Surface Roughness Tester)

Type Sample Roughness Average of R-curve (Ra)
Position 1 2 3 4 Average
New 6.57 7.49 7.22 6.3 6.90
Honda Wave 125 Carburetor G100 0.5 0.5 0.65 0.42 0.52
JS 7.31 6.7 6.92 72 7.03
J10 0.8 0.71 0.65 0.61 0.69
Position 1 2 3 4 Average
New 1.29 0.91 0.89 0.87 0.99
Honda Wave 125 Injection G100 1.93 1.16 1.2 1.12 1.35
IS 1.08 0.92 0.92 0.6 0.88
J10 1.37 1.4 1.42 1.53 1.43
HINYLTA) iﬂﬁWﬁ)JﬂLﬂ?@Qﬁ@ Surface Roughness Tester: Mitutoyo SJ-201

Code No. 178-951E, Cutoff length 0.8 mm.
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|
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|
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|
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Roughness Average of R-curve (Ra)

o
|
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~1¥wasaudaSanumila Size 200 Taoiin Constant @40C 7 0.1015 cSt/s

HAZUFIINITIAN 20-100 cSt
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v 9
1.1 mynldsunlasnnuniiavouhlumauugu-ayar 5% lussoznaian o

M ] 9
M3 1eINh 12 ramsulasuunlasnnumiiave siniuuugu-aya 5% luszeznaini g

d‘u Y a =
L nadidald Ginh) o4 ' )
dlanvifinaaeu Aundy | Amnnuwila
1 2 3 4 5
0 4635 | 4722 | 4715 | 4724 | 46.54 46.90 0.6740
1 47.15 | 4728 | 4711 | 4695 | 47.36 47.17 0.6778
2 4697 | 4755 | 473 | 4752 | 46.99 47.27 0.6792
3 47.66 47.28 47.6 47.58 47.24 47.47 0.6822
4 46.98 47.26 47.33 47.37 47.51 47.29 0.6796
5 47.58 47.25 47.58 47.45 47.38 47.45 0.6818
6 47.58 47.24 47.37 47.45 47.42 47.41 0.6813
7 47.22 47.38 47.4 47.47 47.57 47.41 0.6813
8 47.37 47.27 47.46 47.35 47.32 47.35 0.6805
9 4725 | 4735 | 4735 | 4742 | 4742 47.36 0.6805
10 4739 | 4732 | 4735 | 4735 | 47.38 47.36 0.6805
0.8 -
0.76 -
@ 072 -
; Viscosity @5%
z A
8 oes | n o — — —
g
0.64 -
06
0 2 4 5 6 7 8 9 10
Period (week)

v v 9
mwuIndl u1 uaaudunud Tduvesmsnlasumlasanuriave niniuudu-aijar 5%
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v Y
1.2 manlasunlasanumiiave il unauuuFu-a1ar 10% luszeznaiaig o

v ' Y
M319WINT ¥3 wamsulasunilasnnuniiaveuhlunauuuFu-a1ar 10% luszezom

AN 9
o ud naniala Gun) o4 ' )
dlmvinnaaev Aunde MANUHUA
1 2 3 4 5
0 52.86 52.97 52.80 52.69 52.86 52.84 0.7593
1 52.88 52.78 52.84 52.74 52.77 52.80 0.7588
2 52.47 52.77 52.98 52.87 52.96 52.81 0.7589
3 52.67 52.85 52.77 52.93 52.99 52.84 0.7593
4 52.88 52.78 52.98 52.97 53.04 52.93 0.7606
5 52.99 52.86 52.84 52.75 52.94 52.88 0.7598
6 52.68 52.97 5291 52.93 53.12 52.92 0.7605
7 52.67 52.88 52.95 52.91 52.89 52.86 0.7596
8 52.84 52.87 52.91 52.92 52.87 52.88 0.7599
9 52.88 52.82 52.83 52.94 52.97 52.89 0.7600
10 52.94 52.87 52.91 52.84 52.87 52.89 0.7600
0.79 -
0.77 -
_ A A A A A A A A
< 0754
(0]
5 073+
©
>
- 0.71 4
2
0.69 -
067 -
0.65
0 2 3 4 5 6 8 10
Period (Week)

v 1 9
Mrand v2 uaaudunun Iduvesmsnlasunasnnumilave aiiuuugu-aijdr 10%
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2. mslamanniunsavesrinivaye uaz HiuwaUuTU-ayd

Y [ < g} % 1o
ﬂﬁNNH’Jﬂﬁ U4 wamsmmﬂ’nmﬂuﬂimmumuﬁm1 tag

v

REGTTAT SVRT LA YRR TECR

v L. 3 NaOH 9l¥ Gidans) | |, L |, L. .
UM aunae |Andesiiun Free Fatty Acid
1 2 3
el 2.9 2.7 2.9 2.83 4.42
WU USURENEUA 95:5 0.2 0.3 0.3 0.27 0.42
I USURFTNELA 90:10 0.4 0.4 0.5 0.43 0.68
UMD UTUNANFLAT 80:20 0.5 0.4 0.5 0.47 0.73
iU UHTNTYA1 70:30 0.5 0.5 0.6 0.53 0.83

o J . [ . [
HULHA : NITATUIUNIN Free Fatty Acid 118U Oleic 11 %

{ [~ g’ o a 10 1
2.1 fﬂilfﬂaﬂullﬂﬁﬂﬂ’ﬂﬂlﬂUﬂﬁﬂelJfNUTNUWﬁiJLUUG]Su-ﬁD"QW 5% Tuszeznainig 9

Y { < 31 % a 1o 1
msnwmnﬁ Us ﬂ15lﬂ§EJ“L!LLIJﬁ\‘Iﬂ'JHJL‘]Juﬂiﬂ"llﬁlx‘lu'lllulﬂucliu-ﬁﬂuﬂ1 5% GI,Lli%EJzL’JaW]N il

. 319 NaOH #1¥ (Tiadans) ,
dlavinnaaeu Aunde | AulesiBuA Free Fatty Acid
1 2 3
0 0.2 0.3 0.3 0.27 0.4163
1 0.3 0.2 0.4 0.30 0.4683
2 0.3 0.4 0.3 0.33 0.5204
3 0.2 0.3 0.3 0.27 0.4163
4 0.2 0.2 0.3 0.23 0.3643
5 0.3 0.2 0.3 0.27 0.4163
6 0.3 0.3 0.3 0.30 0.4683
7 0.3 0.2 0.3 0.27 0.4163
8 0.3 0.3 0.3 0.30 0.4683
9 0.3 0.3 0.2 0.27 0.4163
10 0.3 0.3 0.3 0.30 0.4683
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2.81
2.41
2.01
1.61
1.21

Acid value (%)

0.81
0.41
0.01

- —

emm—

— — (— | — S — | —

Acid Value @5%

4

5 6
Period (Week)

4 A < g‘ % a 10
<ﬂ1WW‘H'Jﬂﬁ U3 Llﬁﬂ\il’gf}ulluﬂiﬁj&lﬂﬁlﬂﬁﬂu&L'l]'ﬁQﬂ'NiJL‘IJuﬂiﬂ"llfNHWIIHLUUG]SH-ETD”QW 5%

{ <] g/ o a 1o 1
2.2 manlasumlasanuiunsaveshiunauuugu-a1jar 10% Tuszeznainig 9

y ! < gl Y a 1o
ﬂﬁNN‘H’Jﬂﬁ U6 msyﬂﬁauuﬂmmmgﬂuﬂmmmumuNﬁmuumu—ﬁia!m 10% °lu53&znm

AN 9
. Y3 NaOH #1¥ (iadans) .
Faminnaaey Aunag audosidud Free Fatty Acid
1 2 3
0 0.4 0.4 0.5 0.43 0.68
1 0.4 0.4 0.4 0.40 0.62
2 0.5 0.5 0.5 0.50 0.78
3 0.4 0.5 0.4 0.43 0.68
4 0.5 0.5 0.4 0.47 0.73
5 0.5 0.4 0.4 0.43 0.68
6 0.5 0.5 0.4 0.47 0.73
7 0.5 0.4 0.5 0.47 0.73
8 0.4 0.5 0.5 0.47 0.73
9 0.5 0.4 0.5 0.47 0.73
10 0.4 0.5 0.5 0.47 0.73




115

Acid value (%)

0.01

2.81 4
2.41
2.01 4
1.61
1.21 4
0.81
0.41

\/\__——5.—

Acid Value @10%

4 5 6
Period (Week)

10

a Y 9 = < g' % a 1o
MNUNHINN V4 Llﬁﬂ\uﬁulluﬂjuwﬂﬁ!fﬂaﬂu&L'ﬂ'ﬁQﬂ'ﬂll!,ﬂuﬂiﬂ"ll’ﬂﬁHWNHLUUG]SH-?ID”QW 10%

3. wams‘nﬂaeudmmauu

MINHUINN V7 d31lwanisnadouainaauliai

U

Y
C%

Wunmsiiasasuvalszmealng

w3 las@euualszmelne

Sample
Gasoline — Gasoline —
Test Item Method Unleaded Gasoline
Standard Jatropha Blended | Jatropha Blended
(ASTM) 91
5% 10%
Acid Value - - 0.31% 0.42% 0.68%
Viscosity D445 - 0.61 cSt 0.68 cSt 0.75 cSt
Density vis(700) D4052 - 0.7429 0.7466 0.7566
API @60F D4052 - 58.9 56.82 54.35
SG API @60F D4052 - 0.7432 0.7514 0.7613
Distillation
IBP - 35.9°C 34.7°C 35.7°C
10% Evaporated 70 °C 54.5°C 55.5°C 51.9°C
50% Evaporated D86  [70-110°C 95.9°C 94.5°C 92.1°C
90% Evaporated 170 °C 162.9 °C 170.0 °C 172.9 °C
End Point 200 °C 195.6 °C 198.2°C 331.4°C
Residue - 0.8 %Vol 5 %Vol 1 %Vol
Research Method (RON) D2699 90.6 91.6 90.6 89.2
Motor Method (MON) D2700 79.6 83 82 81




Y
3.1 ANUHUMUUYBINTUNATDL (“I/Iﬂﬁf]‘]JTﬂfJ ﬂ@]‘ﬂ)

v Y
MINWUINT U8 ANUHU LUV NNTUNATO VI UTU-AA1 5%

116

Set Temperature

20C

Density vis(700) 0.746636 g/cm’
API 60F 56.82
SG API 60 F 0.75139
Rho API 15 C 0.75114 g/em’

v 9
A5 19HUINT V9 ﬂ:mmu1uuummﬁwﬁumﬁ@umumu—ﬁyﬁ1 10%

Set Temperature 20 C
Density vis(700) 0.756639 g/cm’
API 60F 5435
SG API 60 F 0.76137
Rho API 15 C 0.76112 g/em’
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MANHIN A
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1. TuAnM3A3ITAMaNITOUZDINNINAILANNATH

MWUINTA Al TUiinmMsns19iamaus sz INTeUEUANATDLTZ UM YISIADS

U d’ < \J A \ Q'J
AHANIIATIVIANANINLIINNG (ﬂiﬂ!uﬂiﬂﬂ‘lﬂiuﬁ)

Factor
A157 (km/hr) 15 20 25 30 35 40 45 50 55 60 65
G100 356.4 356.3 3594 364.5 366.9 362.5 357.5 355.5 333.8 304.2 271.6
Force (N) J5 342.8 343.6 341.3 356.8 365.8 364.1 362.9 354.6 330.3 301.6 265.5
J10 338.3 340.8 3353 338.9 352.4 3449 3448 343.8 299 266.1 -
G100 8.57 8.57 8.64 8.76 8.82 8.71 8.59 8.55 8.02 7.31 6.53
Torque (N.m) J5 8.21 8.23 8.18 8.55 8.76 8.72 8.69 8.49 7.91 7.22 6.36
J10 8.36 8.42 8.29 8.38 8.71 8.52 8.52 8.50 7.39 6.58 -
e 1 2460 | 3290 | 4.065 | 5113 | 6.081 | 7.081 | 7.766 | 8.444 | 8.661 8.702 8.468
e 2 G100 1.645 | 2.160 | 2.685 | 3.305 | 3.915 | 4535 | 5.070 | 5.480 | 5.685 5.700 5.645
!ﬁﬂ§ 2J5 1.525 2.040 2.520 3.17 3.770 4.390 4815 5.235 5.370 5.395 5.25
Usz@nEmN (kw) —
1N 2 J10 1.580 2.080 2.605 3.215 3.750 4.320 4,785 5.085 5.135 5.050 -
!ﬁﬂg 3 1.131 1.514 1.870 2.352 2.797 3.257 3.572 3.884 3.984 4.003 3.895
!ﬂﬂg 4 0.908 1.215 1.501 1.888 2.245 2.614 2.867 3.117 3.198 3.213 3.126
ANMSITOU 1AES 1 (rpm) 3710 | 4635 | 5524 | 6361 | 6831 | 7850 | 8494 | 9194 | 10484 | 11613 | 13065
ANMSITOU 1HES 2 (rpm) 2300 | 2874 | 3425 | 3944 | 4235 | 4867 | 5266 | 5700 6500 7200 8100

811



< a d
ANFITOU N8I 3 (rpm)

1706

2132

2541 2926 3142 3611 3907

4229

4823

5342

6010

< a d
ANFITOU N8 4 (rpm)

1370

1711

2040 2349 2522 2898 3136

3394

3871

4287

4823

Wheel Power [kW]

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Max Power 5.700 @7200

Max Torque 8.82 @4200 L9

T
O-=_2NWhrOTON®

0

1000 2000

3000 4000 5000 6000 7000 8000 9000

Engine Speed [1/min]

Total Torque [Nm]

H o ¢ s 7 A S o A
ﬂ1wwu3ﬂﬁ fl llﬁﬂ\iﬁuﬁiﬂugﬂl@\jﬁﬂFﬂﬂiEl']uﬂu@]cﬂﬂﬁﬂ1]'ig‘Uvﬂ'lﬁu‘.!i!ﬂ’f]i!ﬁaﬁl%}u']i]uluucﬁu 91

611
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6.00 - - 15
’ Max Power 5.395 @7200 L 13
5.00 -
- - 11
g - €
E‘ 4.00 e
g i 8.76 @4200 g
S 3.00 - -7 B
= - =
: 5 F
$ 200 5
i -3
1.00 -
-1
0.00 -1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Engine Speed [1/min]

1 o 7 J S A g’ o
ﬂ‘lwwujﬂ‘ﬁ 2 Llﬁﬂ\jﬁuiﬁﬂugm@\iiﬂfﬂﬂﬁfnuf]u@]ﬂﬂﬁ@ﬂﬁguu‘ﬂ'ﬁulﬁ!@]aﬁlﬁ@ﬁl%}uquu

WUFU-TYA 5%

6.00 ~ ~ 15
b Max Power 5.050 @7200 L 13
5.00
7 - 11
= 400 - Max Torque 8.71 @4200 E
= -9 Z
o 7] o
3
8 3.00 - L, B
o S
— i =
g 2.00 "° g
z“ P
- -3
1.00 -
-1
0.00 -1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Engine Speed [1/min]

v ] Y
MURINA A3 LAAIAUTTOUZVDITDINTIIUOUANATOUTZUUAS Y51A03 1o 19T i

UFU-AYA 10%



Y % o [ J @
ﬂ1§1QNu3ﬂﬁ 2 Uuﬁﬂfﬂi@liﬂ%ﬁﬂﬂ1ﬁuiiﬂu$iﬂ%ﬂiﬁﬂu&i&ﬁ%ﬂﬁﬂﬂi%ﬂﬂﬁﬂaﬂ

£ d' < ' A \ Q:I
AANIIATIVIANAIINLIINNG (iﬂmmsmmim)

FACTOR

A5 (km/hr) 15 20 25 30 35 40 45 50 55 60 65 70

G100 346.7 | 3453 | 347.6 | 3574 | 3534 | 362.1 | 360.3 | 351.1 | 331.9 320.4 283.0 -
Force (N) J5 347.2 | 3569 | 360.3 | 371.1 373.1 3742 | 369.4 | 3523 | 3325 309.4 282.0 252.7
J10 362.0 | 369.9 | 367.8 | 369.2 | 372.6 388 384.6 | 375.7 | 351.8 322.9 292.1 257.8

G100 8.67 8.64 8.70 8.94 8.84 9.06 9.01 8.78 8.30 8.02 7.08 -
Torque (N.m) J5 8.32 8.56 8.64 8.90 8.94 8.97 8.85 8.45 7.97 7.42 6.76 6.06
J10 8.59 8.78 8.73 8.76 8.84 9.21 9.13 8.92 8.35 7.66 6.93 6.12
!ﬁﬂg 1 2.605 | 3.403 | 4274 | 5250 | 6.129 | 7.048 | 7.823 | 8.395 | 8.742 8.911 8.879 8.645

!ﬁﬂ‘g 2 G100 1.605 | 2.140 | 2.625 | 3.210 | 3.815 | 4.495 | 5.060 | 5.420 | 5.715 5.865 5.820 -
!ﬁﬂ% 2J5 1.615 | 2.110 | 2.650 | 3.255 | 3.800 | 4.370 | 4.850 | 5.205 | 5.420 5.525 5.505 5.360

Uszansmn (kw) —

1Ny 2 J10 1.660 | 2.240 | 2.815 | 3.425 | 4.015 | 4.715 | 5.255 | 5.760 | 5.965 6.010 6.000 5.805
!ﬁﬂ% 3 1.198 1.565 1.966 | 2.415 | 2.819 | 3.242 | 3.598 | 3.862 | 4.021 4.099 4.084 3.977
!ﬁﬂ§ 4 0.962 1.256 1.578 1.938 | 2.263 | 2.602 | 2.888 | 3.099 | 3.228 3.290 3.278 3.192
ANMSIseL !ﬁﬂ% 1 (rpm) 2823 3871 4484 5484 6290 7258 8065 9032 9516 10968 11935 12581
ANMSISeU !ﬁﬂg 2 (rpm) 1750 2400 2780 3400 3900 4500 5000 5600 5900 6800 7400 7800
ANwsIseU 1A 3 (rpm) 1298 | 1781 | 2063 | 2523 | 2894 | 3339 | 3710 | 4155 | 4377 | 5045 | 5490 | 5787
Ao e 4 (rpm) 1042 | 1429 | 1655 | 2025 | 2322 | 2680 | 2977 | 3335 | 3513 | 4049 | 4407 | 4645

14!



6.00

5.00 ~

4.00 4

3.00 4

Wheel Power [kW]

2.00

1.00 4

0.00

Max Power 5.865 @6800

Max Torque 9.06 @4500

r 15

- 13

- 11

0

1000 2000 3000 4000 5000 6000 7000 8000

Engine Speed [1/min]

9000

Total Torque [Nm]

122

! [ J @ 4 :’ o a
ﬂ1WW‘N'Jﬂﬁ A4 Llﬁﬂﬁﬁﬂﬁiﬂugﬂl@\jiﬂFt]ﬂiﬂWuﬂu@]ﬂﬂﬁ@Ui%UUﬁ'Jaﬂlﬁ@sl%}u'luulﬂucﬁu 91

Wheel Power [kW]
w
o
o
1

Max Power 5.525 @6800

Max Torque 8.97 @4500

0

15

13

1"

1000 2000 3000 4000 5000 6000 7000 8000 9000

Engine Speed [1/min]

Total Torque [Nm]

4 @ J @ 4
cfn‘wwujﬂﬁ s L!ﬁﬂﬂﬁﬂﬁﬁﬂuzﬂlﬂﬂﬁﬂfﬂﬂﬁﬂ?uﬂu@lﬂﬂﬁ@ﬂﬁgﬂﬂﬁjaﬂlﬁﬂﬁl

UFU-TYA 5% (J5)

Y

Y o
FU

&%

U



Wheel Power [kW]

Max Power 6.010 @6800

Max Torque 9.21 @4500

0

15

13

11

1000 2000 3000 4000 5000 6000 7000 8000 9000

Engine Speed [1/min]

Total Torque [Nm]

v [ Y
MWHUINT A6 LAAITUTIOULVOITOINTTUIUANATOUTZ LU AAD Ty

UFU-TYAT 10% (J10)
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U

2. TTunnmMInsIntamuany laidanisemManazi@ss NINNMTVUAINIGUN

3 o [ ' a [V o 4 J
ﬂ1‘§NN‘H'Jﬂﬁ A3 UuﬁﬂﬂﬁﬂifﬁnﬂﬂTNa‘WHll’f)!fchfJ‘VINi’)Tﬂiﬂuﬂ%!ﬁﬂﬁiﬂﬁ]ﬂimuﬂu@i%ﬂﬂﬂﬁylim@i

dnsiuneths
MInaiy ABNASEIY sfuuuduoenmu 91 W TUHENEUM-UUTY 5% W TUHENAYM-UUTY 10%
ﬂ%‘sﬁ‘ﬁ 1 ﬂ%ﬁ‘ﬁ 2 ﬂ%‘sﬁ‘ﬁ 3 !ﬂéﬂ ﬂ%\‘iﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬂﬁ 3 !ﬂéﬂ ﬂ%ﬂ‘ﬁ 1 ﬂ%x‘l‘ﬁ 2 ﬂ%\‘iﬁ 3 !‘ﬂéﬁl
Mamsveunetionlun (CO) iy 4.5% 252 | 287 | 255 |265| 039 | 1.08 | 063 |070| 221 0.86 133 | 147
falalasmsveu (HC) 13sAv 10,000 ppm | 410 190 270 | 290 | 65 70 130 |88.33| 50 40 50 |46.67
szALIAY (dB) it 95 dB 88.8 89.4 893 [89.17| 950 | 91.0 | 935 [93.17| 90.0 88.8 86.8 |88.53
A3EUINT Ad TuTinmMIasISamuaiy lerdeneoimaazideesosnsomoudsz I Iae
visiusheeha
aInany MMNIFIU sshuu@ueenmy 91 ﬁ1ﬁuwaum§ﬁ1-mw§u 5% ﬁ1ﬁuwaumqjﬁ1-mw§u 10%
ﬂ%\i‘ﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬂﬁ 3 !ﬂéﬂ ﬂ%\i‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%ﬂ‘ﬁ 3 !ﬂéﬂ ﬂ%\i‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%ﬂﬁ 3 !‘ﬂéﬂ
Mamsveuneiionlsn (CO) laitfiu 4.5% 071 | 028 | 079 |059| 099 | 055 | 085 | 080 | 0.14 0.19 0.09 | 0.14
malalasmsven (HC) 3isAv 10,000 ppm 50 110 40 |66.67| 55 50 40 [4833] 20 30 30 |26.67
32AUIAEN (dB) laitAu 95 dB 87.5 | 87.6 | 892 |88.10| 79.1 912 | 89.0 |86.43| 91.1 90.5 89.2 |90.27

14!



U

3. msnagevilszanEmmwianaunmslFindiumanuuEu-ala

v 9
M3HWINT A5 Msnadeulszaninmiuiiousinms hdurauuugu-aijd

Gasoline 91 Gasoline-Jatropha Blended 5% Gasoline-Jatropha Blended 5%
Item Spec Inspection
Honda Wave 125R | Honda Wave 125i | Honda Wave 125R | Honda Wave 125i | Honda Wave 125R | Honda Wave 125i

Part Number CPR6EA-9 CPR6EA-9 CPR6EA-9 CPR6EA-9 CPR6EA-9 CPR6EA-9
Insulation resistance | =500 MQ Multimeter %) (%) %) %) 0 0
Sparking 23 kg/crn2 Sparking M/C 11.5 11.5 11.5 8.5 7.5 4.5

Inside Resistance 3.0-7.5 kQ Resistant Meter 4.039 5.438 5.72 4.832 4818 4.730

Judge ment OK OK OK OK NG NG

¢Cl



4. wamsnf3auMguMeadfanINmMsInvINAYIgNgUAILIT T-Test 10)1/51n53 SPSS

A5 19HUINA A6 LAAIAT T-Test 11NA1519 ANOVA maqm{fﬂimuﬂuﬁszuum{y‘gima{

Paired Differences

95% Confidence Interval of
Sample
Std. Error the Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair 1 NEW - G100 -.0150 .01509 .00477 -.0258 -.0042 -3.143 9 .012
Pair 2 NEW -J5 -.0020 .01687 .00533 -.0141 .0101 =375 9 716
Pair 3 NEW -1J10 -.0120 .01398 .00442 -.0220 -.0020 -2.714 9 .024
Y [ Y] 4 @
ﬂﬁNN‘H’Jﬂﬁ A7 LAANA1 T-Test 31N$11519 ANOVA ﬂl@ﬁiﬂ%ﬂimu&lu@]ﬁ%ﬂﬂﬁ’)ﬁﬂ
Paired Differences
Std. Error 95% Confidence Interval of t df Sig. (2-tailed)
Sample
Mean Std. Deviation Mean the Difference
Lower Upper
Pair 1 NEW - G100 .0020 .01135 .00359 -.0061 .0101 557 9 591
Pair 2 NEW -J5 -.0010 .00738 .00233 -.0063 .0043 -.429 9 .678
Pair 3 NEW - J10 .0040 .01647 .00521 -.0078 .0158 768 9 462

9Cl
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A A A
1. szuumseaNanlFlumsnaaeau

4 d o @ < @ [l Y a a
Lﬂ?ﬂﬂﬁﬂllﬁ%@ﬂﬂimﬁ'lﬂTlJLﬂ'IJG]'J’E]EJ'NLLaZ@]i'Ji]’J@ﬂﬁN'lmﬁ'liiJﬁW‘H‘ﬂ'N@'lﬂWﬁ%Tﬂ

Y
NUNHUE UsLneuaie

a a 4 Qy o
1.1 usaga launTudines (Chassis Dynamometer) 1/52no A28 annal (Roller) Waa
v . Aq v g < 2
32118AUTDU (Cooling fan) NINANMSIaNUTAINANWGIVRIGNNAT
2 o 1 . < A A o o gud
1.2 52UWNUAID81N (Exhaust gas sampling system) Wwasesledmisulsnuas
Y
RTINAIDINT NI UMIATIVIAUTINEITUANY vy Jalagnse (Direct Sampler) ag Ia
Tagmaena lode (Constant Volume Sampler (CVS))

9

a 1 a @ 1 a o
1.3 52UUNATITVATNANY (Emission analysis system) ansadamuany lasay

E4
[

a 4
Direct Measurement 1> CVS Measurement TaslsLUVNUATITHAI

d' A A 9 v Aa g a
MINNUINN 491 a‘ﬁﬂﬂflumﬁmammmﬁzwﬂmawy

IBMInsInda CARECIT)Y in3esile
Co/CO, Non-Dispersive Infrared (NDIR)
Direct Measurement HC Flame Ionization Detector (FID)
NO, Chemiluminescence Detector (CLD)
CO/CO2 Non-Dispersive Infrared (NDIR)
CVS Measurement THC (Total HC) Flame Ionization Detector (FID)
NO Chemiluminescence Detector (CLD)

X
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