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4.1
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(MAP)
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il . ¢ ¢ ¢ ¢
18 . ‘ . .
15 . ‘
12

"900 12 15 18 21 25 4 Q"

(rev/min)

4.1 Test matrix (MAP)

Brake Torque, Fuel Consumption, Emissions

4.2

1-3

pr= 100 kPa Air temperature r =

300 K (27°C) Relative humidity ¢ = 60 %
. AS 2789.1-1985



4.3

97

B.thermal eff. %
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4.4 (Engine Maps)

contour map
(Engine  Maps)
normalized torque {T}

normalized torque (T) (Tdex=147 N.m)
Brake mean effective pressure (Bmep) normalized torque {T}
4A-FE
43() () Engine Efficiency Maps OEM (TOYOTA

AA-FE) RON98, RON97 RON92



normalized torque {T}

| I I
1000 2000 3000 4000

rev/mi
() 98

4.3 Engine Efficiency Maps OEM (TOYOTA 4A-FE)

;Efficiency = %

20



normalized torque {T}
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normalized torque {T}
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4.3( ) Engine Efficiency Maps OEM (TOYOTA 4A-FE)

;Efficiency = %
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44 () () Engine Brake Specific Fuel Consumption (Bsfc.) Maps

OEM (TOYOTA 4A-FE) Y RON98.RON97 RON92

normalized torque {T}
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2000 3000 4000
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4.4 Engine Bsfc Maps OEM (TOYOTA 4A-FE)

; (Bsfc=kg/kW-h)



normalized torque {T}

0.292 /
\_(M7/0'273 0.28 e
0.6 0.28\—// -

286 .286/_”—/0
e a7 e A //

\\0.304 ‘
304 : 216
—— \0'”6\__'__1_,/0,3!6F\2:3
i N\,_,—__,_«ngz /ﬁo,}"
0‘334$ﬁ.328fo334 0_346-—'T.
: __0,58:04352% * o=
: 364—=, =03
e
47__———0.406
R L rp e
a ; :
; 2000 3000 4000
rev/min
() 97
4.4( ) Engine Bsfc Maps OEM (TOYOTA 4A-FE)

; (Bsfc=kg/kW-h)



normalized torque { '}
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4.4(

) Engine Bsfc Maps
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rev/mi

92

OEM (TOYOTA 4A-FE)
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45 () () Engine fuel flow consumption Maps.

OEM (TOYOTA 4A-FE) Y RON98.RON97 RON92

normalized torque {T}
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4.5 Engine fuel flow consumption Maps OEM (TOYOTA 4A-FE)

; (fuel consumption = 10'3 )
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normalized torque {T}
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normalized torque {T}
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; (fuel consumption = 10’3

T
3000 4000

rev/min

92

OEM (TOYOTA 4A-FE)



4.5

RON92

451
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RONB9S8,
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B.thermal eff. %

B.thermal eff. %

4.6

Comparison OEM curves of RON92 1RON97 and RON98

B.% vs-B.torque 4A-FE 1600 cc. at 900 rev/min.
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Comparison OEM curves of RON92 1RON97 and RON98
B rjth vs. B.torque 4A-FE 1600 cc. at 1200 rev/min.
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Comparison OEM curves of RON92 1RON97 and RON98

B.Tth vs. B.torque 4A-FE 1600 cc. at 1500 rev/min. ' RON 92
35 —— —
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5 20 i
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@ 40
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Comparison OEM curves of RON92 , RON97 and RON98
B.n,, vs. B.torque 4A-FE 1600 cc. at 1800 rev/min.
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Comparison OEM curves of RON92 1RON97 and RON98

B.tilh vs. B.torque 4A-FE 1600 cc. at 2100 rev/min.

B = B + RON 92
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Comparison OEM curves of RON92 IRON97 and RON98
B.ny, vs. B.torque 4A-FE 1600 cc. at 2500 rev/min.
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D 60 80 100 120 140
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46( ) OEM 4A-FE
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Comparison OEM curves of RON92 1RON97 and RON98

B. hvs. B.torque 4A-FE 1600 cc. at 3000 rev/min.

3 + RON 92
30 A | = RONg7
5 = J I ! A RONO98
|
a b fomemeemee j- i
©p
5
0 20 40 60 80 100 120 140
B.torque N.m
)3000 rev/min
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Comparison OEM curves of RON92 , RON97 and RON98

Bmthvs. B.torque 4A-FE 1600 cc. at 4000 rev/min,
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4.6

Control Unit (ECU)

4.6.1
4.1
MAP
MAP
(in.Hg) 900
WOT 5
27 n
24 13
21 13
18 16
15 19
12 10

1200

15

17

17

17

17

20

16

35

OEM

Engine Electronic

Ignition Map

OEM engine 41

OEM (TOYOTA 4A-FE)

Spark advance (degree BTDC)
speed rev/min

1500 1800 2100 2500 3000 3500 4000

17 19 22 24 26 25 25
18 21 24 28 27 26 26
18 21 23 25 25 25 24
18 21 22 25 25 25 25
19 22 24 26 26 26

22 23 25 26

20



36

47

1-3
00,002 HC OEM (TOYOTA 4A-FE)
Engine Emission Maps
411 98
Engine Emission Maps (CO, C02  HC) OEM (TOYOTA 4A-FE)

98 470) ()



normalized torque {T}
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normalized torque {T}
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normalized torque { '}
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472 97

Engine Emission Maps (CO, C02  HC) OEM (TOYOTA 4A-FE)
97 48() ()

normalized torque {T}
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normalized torque {T}
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normalized torque {T}
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473 92

Engine Emission Maps (CO, C02  HC) OEM (TOYOTA 4A-FE)
92 49() ()

normalized torque {T}
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normalized torque {T}
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normalized torque {T}
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48
(N.m)
4.2 (900 rev/min) (RON98,

RON97) (RON92)
(1200-1800 rev/min) (RON98, RON97) 1

(RON92) (2100-4000 rev/min)

2100 rev/min
4.2 (N.m)

torque 900 1200 1500 1800 2100 2500 3000 3500 4000

RON98 107.775 108.151 112.858 120.28 115.226 132.972 127.093 125.653 126.435
RON97 105.573 108.705 112.768 120.601 116.197 131.727 131.511 125.853 125.622

RON92 101.837 102.855 111.002 115.902 115.226 131.16 122.94 124.824 126.396

(%)
4.3 (900 rev/min)

(RON98, RON97)
(RON92) (1200-1800 rev/min) (RON9S,
RON97) (RON92)
(2100-4000 rev/min)
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43 (%)

efficiency 900 1200 1500 1800 2100 2500 3000 3500 4000

RON98 29.5583 30.5278 30.5505 30.5661 29.4839 30.582 30.7014 30.4216 30.3742

RON97 27.7964 29.1865 30.0329 30.4145 31.3784 31.9766 31.4668 31.1123 30.9256

RON92 25.2427 27.6759 28.3217 29.483 30.2734 31.426 30.5594 30.9948 30.9009

CO (gs)
4.4 (900 rev/min) 97 (RON97)
60) 98 92
(1200-1800 rev/min) 92 (RON9) co 1
97 98 (2100-4000 rev/min)
Co
44 CO (gfs)
CcoO 900 1200 1500 1800 2100 2500 3000 3500 4000

RON98 0.00976 0.06042 0.08439 0.08667 0.16394 0.11336 0.22765 0.24166 0.346
RON97 0.01254 0.06777 0.09125 0.08633 0.16112 0.11116 0.23122 0.24841 0.35511

RON92 0.00797 0.08083 0.10543 0.10709 0.16266 0.13362 0.22774 0.24315 0.34319

C02 (g/s)
45 (900 revimin) 92 (RON92)
60) 97 9%
(1200-1800 rev/min) 92 (RON92) C02
97 98 (2100-4000  rev/min) 98

(RON9?) C02 92 9



4.5 C02(qls)

< 02 900 1200 1500 1800 2100 2500 3000 3500 4000
RON98 0.30191 0.34301 0.4388 0.57931 0.635 0.8851 0.95028 1.09947 1.2483
RON97 0.32003 0.34664 0.44028 0.57729 0.60254 0.84903 0.93182 1.06928 1.23168

RON92 0.33174 0.35914 0.45301 0.58225 0.6176 0.85356 0.9418 1.08063 1.24028

HC (103y/s)
4.5 (900 revimin)
(RON92) HC 97 9%
(1200-1800 rev/min) 92 (RON92) HC
97 98 (2100-4000 rev/min)
92 98 (RON92, RON9S) HC 97
4.6 HC (103y/s)
HC 900 1200 1500 1800 2100 2500 3000 3500 4000

RON98 0.00039 0.00016 0.00024 0.00024 0.00041 0.00043 0.00046 0.00042 0.00045

RON97 0.00044 0.00017 0.00025 0.00024 0.00037 0.00038 0.00045 0.00042 0.00043

RON92 0.00045 0.00019 0.00027 0.00028 0.0004 0.00043 0.00051 0.00047 0.0005

48

92
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