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Abstract

This research aims to study and design the fuel injection system of an engine.
The original carburetor system of 400 cc motorcycle engine was replaced by fuel
injection system. The ECU (Electronic Control Unit) for this engine was built and
programmed for controlling only fuel injection system. The fuel supply rail, intake
and exhaust port were designed and made. The engine performance and emissions of
carburetor and injector system were compared. When injector system is adopted, the
engine power increases 33.73 % and the brake specific fuel consumption decreases
72.5-27.52 (depends on speed and load). Moreover, it can reduce the amount of CO in
the exhaust gas up to 56-96 % at speed of 60 km/h.
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Speed ( rpm ) Brake Power ( kW)
Injection Carburetor

3448 4 29
3821 49 3.1
4148 5.5 3.5
4545 5.7 4.1
4918 6 4.7
5405 6.6 54
5660 7.1 5.9
6061 88 6.8
6667 11.8 9.4
7143 13.7 113
7595 14.5 13
3219 15.3 144
9091 16.1 10.3
9823 14.2 8.9

- 3 4
A1 1N 1-2 urpanusidaveundaqoua

Torque ( N-m )
Speed (rpm ) Injection Carburetor

3448 50.8 36.8
3821 56 354
4148 57.2 364
4545 543 39.1
4918 52.8 413
5405 539 44,1
5660 541 45

6061 62.9 48.6
6667 75 59.7
7143 82.5 68

7595 829 74.4
8219 79.6 74.9
9091 76.7 49.1
0823 62.5 39.1

-57-



H ' -
@157 U-3 (AN Lambda ¥ 1d91nmananeu

-58-

Lambda
BMEP L PP
(kPa) 50 km/hr 60 km/hi 70 kmv/hir
Injection | Carburetor | Injection | Carburetor | Injection | Carburetor
100 0.981 1.0105 0.974 0.9825 0.765 0.8565
300 0.955 0.979 0.969 1.001 0.839 0.7865
500 0.945 0.978 0.977 0.951 0.866 0.7265
700 0.955 0.9585 0.981 0.9035 0.847 0.6235
900 0.98 0.895 1.015 0.8125 0.736 0.547
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Speed (km/hr) | BMEP (kPa) BSEC (@/kW-br)
Injection Carburetor

100 2700 2586
300 1016.7 1005.9

50 500 712.2 755.3
700 538.30 586.1
900 493.8 525.6
1000 528.6 581.5
100 30044 2775.1
300 1047.4 1039.9

60 500 672.4 687.7
700 517 636.4
900 453.5 593.9
1000 465.8 648.4
100 4112.9 3419.7
300 1453.7 1425.5

70 500 789.1 1102.7
700 742.0 1011.7
900 664.4 93(.3
1000 734.8 998.5
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ed (km/hi X PR BSEC (kI/kW-hr)
Speed (kmftr) | BMEP (kPa) Injection Carburetor

100 123822 118594
300 46628.91 46134.61

50 500 32662.88 34642.45
700 24686.59 26879.38
900 22645.67 24104.02
1000 24245.66 26670.22
100 137786.3 127266.7
300 48036.17 47692.57

60 500 30839.03 31539.92
700 23710.53 29188.99
900 20799.64 27236.53
1000 21365.36 29735.78
100 188620.6 156830.6
300 66669.76 65374.06

70 500 36188.52 50572.05
700 34028.96 46398.54
900 30472.98 42666.1
1000 33701.15 45793.92
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BTE %
Speed (km/hr) | BMEP (kPa) Injection Carburetor
100 2.9 3
300 7.7 7.8
50 500 11 10.3
700 14.5 13.3
900 15.8 14.9
1000 14.8 13.4
100 2.6 2.8
300 7.4 7.5
500 11.6 11.4
60 700 15.1 12.3
900 17.3 13.2
1000 16.8 12.1
100 1.9 2.2
300 5.3 5.5
500 2.9 7.1
70 700 105 77
900 11.8 8.4
1000 10.6 7.8
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Speed BMEP T.—,j} { Co )
(km/hr) (kPa) Injection Carburator

100 105 101
300 109 101.5

50 500 110 104.5
700 113 111
900 116 113
100 107 100.5
300 111 103.5

60 500 113 102.5
700 115 104
900 119 106
100 109 105.5
300 113 106.5

70 500 116 107
700 119 107
900 123 109.5
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Speed BMEP Textmst( C°)
(km/hr) (kPa) fnjection Carburetor
100 177 175.5
300 200 184.5
50 500 223 212
700 223 217.5
900 257 245
100 243 228.5
300 259 241.5
60 500 263 225
700 264 249.5
900 260 258.5
100 214 209.5
300 229 222.5
70 500 243 228
700 276 232.5
900 271 268
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Speed e £ 1 ea CO (%vol)
(km/hr) BMEP (kPa ) Injection Carburetor

100 0.44 0.38
300 0.18 0.94

50 500 0.17 0.77
700 0.2 1.22
900 0.11 3.35
100 0.33 0.75
300 0.23 1.05

60 500 0.25 2.03
700 0.2 425
900 0.26 7
100 4.54 1.27
300 0.35 3.17

70 500 0.43 5.14
700 0.73 8.18
900 4.49 9.7

va a d
tazH A Aonne Inna uwneauGIANn 9

CO; (%vol)
Speed (km/hr) | BMEP (kPa) Injection ( Carburetor
100 12.9 13.15
300 9.8 13.3
50 500 8.6 13.2
700 10.3 12.85
900 11.5 11.55
100 9.8 13.7
300 11.4 13.6
60 500 11.2 13.1
700 11.9 11.7
9200 12.9 9.95
100 84 10
300 7.1 8.85
70 500 83 7.55
700 9.2 5.8
900 7.8 5.05
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Cnead (i \ T HC (ppm )
Speed (knvhr) | BMEP (kPa ) Injection Carburetor
100 262 241.5
300 1131 410.5
50 500 1366 489.5
700 825 614.5
900 467 816.5
100 993 91
300 766 119
60 500 259 166.5
700 389 235.5
900 88 282.5
100 2755 2665.5
300 3000 3016
70 500 2596 3384
700 2707 3501.5
900 3382 3611.5

o o o d
Waaa fivnazInaa HAZTANUITIRNG

NOy (ppm )
Speed (km/hr) | BMEP (kPa ) Injection Carburetor
100 102 433.5
300 649 883
50 500 697 1417
700 795 1997.5
900 1263 1358.5
100 63 224
300 195 378
60 500 170 385
700 473 338.5
900 561 197.5
100 341 441
300 527 348.5
70 500 517 209
700 634 60.5
900 478 26.5
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v da o . - &4 d
UATHINANARAY Catalytic A 18AaAI 1A 1WT2 60 km/hr

BMEP CO (%vol )

(kPa) Injection Injection Catalytic Carburator
100 0.33 0.225 0.75
300 0.23 0.19 1.05
500 0.25 10.185 2.035
700 0.2 017 425
900 0.26 10205 7

CO at Speed 60 km/hr

|+ Injection * _h_ﬁj‘ecfiohbétalytic —o—- Carburatoﬂ

CO (%vol)
F N

(o}
i
A
4
3

0 200 400 600 800 1000
BMEP ( kPa )
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117 -1 mvluspnSnumiveuveuenledveaszuumissemaumumiymes

ar o : -~ - : - o
1Az INANAAA Catalytic Tu TiAAAI in11137 60 km/hr
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uazWfiahdnds Catalytic i 1iAnde Hinnuda so km/hr

BMEP GO (%))
(kPa) Injection Injection Catalytic Carburator
100 9.8 8.65 13.7
300 11.4 8 13.6
500 112 10.15 13.1
700 11.9 10.8 11.7
900 12.9 11.75 9.95
.. i -
CO, at Speod 60 km/r
—e— Injection - ltm_j;a_fztion Ca?alytlc —8— Carburator; i
16 -
14 a Bb— g o
- 12 - A
; § 10 i " * -
j § g - — i
! o 6-
O 4.
2 -
0+—— -~ > s e
0 200 400 600 800 1000
BRIEP ( kPa) |
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1% 12 mmursalfinumivoulasenlefesarzyumssnemduunisysied

o da 2 v wra o
wasfiahAnAs Catalytic AuTidnda fnuE) 60 km/hr
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BMEP HC (ppm )
(kPa) Injection Injection Catalytic Carburator
100 993 712.5 91
300 766 421 119
500 259 243 166.5
700 389 258 235.5
900 88 52.5 2825
HC at Speed 60 km/hr
—— Injé_cfian- * lnject'ia;lubatalytic —o— Carburator
1000 -
900 - 1
800 - i
—~ 700 -
€ 600 -
| 2 500-
O 400 -
T 300 -
200
100 -
0 o
0 f
BMEP (kPa)
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Wiliafianda Catalytic FuluAnda A% 60 km/hr
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BMEP NO.( ppm )
(kPa) Injection Injection Catalytic Carburator
100 63 6.5 224
300 195 4 378
500 170 4 385
700 473 4 338.5
900 561 14 197.5
NO, at Speed 60 km/hr
L—w Injection - Injectid-r_{ Catalytic ~c»—CarburatpL|
600 -
540
480 -
<~ 420 -
| § 360
2 300 -
S 240 -
2 180 -
120 -
! 60 -
| 0+ A i —h- T e id—-ﬁﬂ 1
0 200 600 800 1000
BMEP ( kPa )
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