Transactions of KSAE, Vol. 15, No. 1, pp.64-70 (2007)

Copyright © 2007 KSAE
1225-6382/2007/085-09

7EERI7|1 20| AISA| 712 HlojHot Wiz ojA2E U
Alsdol Ojxli= Fetofl 2t e oot

—_

EEMV-N A AR -AS Y 0y

Solhet JIANSABES - BaiisT ASHDSHIchs

Effects of Engine Control Variables on Exhaust Gas Temperature and

Stability during Cranking Operation of an SI Engine

Yong-Seok Cho™” - Jae-Won An® - Young-Joon Park® - Duk-Sang Kim? - Seang-Wock Lee”

" Department of Mechanical and Automotive Engineering, Seoul 136-702, Korea
?Graduated School of Automotive Engineering, Kookmin University, Seoul 136-702, Korea
(Received 30 March 2006 / Accepted 20 July 2006)

Abstract : Raising exhaust gas temperature during cold-start period is very crucial to improve emission performance of
SI engines because it enhances the performance of catalyst in the early stage of engine start. In this study, control
variables such as ignition timing, idle speed actuator(ISA) opening and fuel injection duration were extensively
investigated to analyze variations in exhaust gas temperature and engine stability during cranking period. Experimental
results showed that spark timing affected engine stability and exhaust gas temperature but the effects were small. On the
other hand, shortened injection duration and increased ISA opening led to a significant increase in exhaust gas
temperature. Under such conditions, increase in cranking time was also observed, showing that it becomes harder to
start the engine. Based on these observations, a pseudo fuel-air ratio, defined as a ratio of fuel injection time to degree of
ISA opening, was introduced to analyze the experimental results. In general, decrease in pseudo fuel-air ratio raised
exhaust gas temperature with the cost of stable and fast cranking. On the contrary, an optimal range of the pseudo
fuel-air ratio was found to be between 0.3 to 0.5 where higher exhaust gas temperatures can be obtained without

sacrificing the engine stability.
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Table 1 The specifications of test engine

Engine spec. Production type
Cylinder 4

Valves / Cylinder 4

Bore 82 mm

Stroke 93.5 mm
Displacement 1975¢cc

Compression ratio 10.1

Idle speed 700 £ 100 rpm

Spark timing BTDC 8°+5°

Intake timing ATDC 11°/ABDC 59°
Exhaust timing BBDC 42°/ATDC 6°
Valve overlap Variable, -5° at cranking

Engfne:status l I Engine control
signal ¥ | signal

CAN card
Control PC

nghI speed cable

Fig. 1 Schematic diagram of engine test bench
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Effects of Engine Control Variables on Exhaust Gas Temperature and Stability during Cranking Operation of an SI Engine
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—&— Injection duration 35 ms
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Spark ignition timing

Fig. 2 Exhaust gas temperature variations with respect to
spark ignition timings at 5 seconds after engine start

A GEo) A&7 WEQ Aoz A4 o
A, Hsha)7] Al whe wfr)rkse] S5 s
T 7P A E Aol & Bole Aol 10% &l
AR genw, H3pA7] Wate] g wl7) 7k
£xo) ks 387 7N 2 29E dod)
A G Ao g AR ol FEE SA/E 3

AEEALY)ZE W] g &= wste] w]s) ul¢-
e

2} o]H g AR BAF T4 HaEY T oy
Zo) 213 238 9 353 wall wetting2 2 0 7)1,
NEF 5 2 B Ao $73¢ FFIUR X
£A)A A 527]2 HC W &g Z7HA21eh>

Fig. 3-& A EA Wsle] B2 w77t 25
HskE Yepd 3o, Hstr7]= BTDC 3°CA,
ISA ME= Aozl Azl 95% 2 514359
ok 7HA A G G Yol A= A ZEAL o] Hol o
upe} w71 7b 0] 227 Hol S & 4 itk o] A
HEF ABEAR A3 T -A8 EH77L
FA AN ALFH LT} grolx]7] wE o)z}
AzZrge) E3 A4 2 F)F T g
g9z o] EAste] 27 F Ao F] FAn =
L FFA SHHE R o2 B 4 ) Fig. 4
A G Ujo] UM ISANE R AR

fe

A

i

=]

-

A () Ko o
f:

7

re
rol

C

Temperature [C]
N
2

20 30 40 50 60 70
Injection duration [ms]

Fig. 3 Exhaust gas temperature with changes in injection
duration at 5 seconds after engine start
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Fig. 4 Distribution of exhaust gas temperature with changes
in injection duration and degree of idle speed actuator
open (Dotted lines indicate the same pseudo fuel-air
ratios)
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