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One Dimensional Simulation Model Development of the EFI Small
Engine
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Abstract One dimensional simulation model of an EFI small engine has been developed based on the
commercial small engine. Newly developed simulation model has been evaluated comparing with the
experimental results to check the validity. Simulation result shows very good agreement having margin of error
of 3 percentage compared with experimental torque and power values. Also, to improve the small engine
performance, the influence of the intake valve timing and duration on the engine performance has been analyzed
using the simulation model.
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Name Unit Specification
No. of cylinder - 1
BorexStroke mmxmm 89x63
Displacement cc 391
Compression ratio - 8:1
Maximum rpm 1/round 4000
No. of In/Ex valve - 1/1
Dry weight kg 35.0
Dimensions(LxWxH) | mmxmmxmm | 462.5x463x466

4
(o
=2,
2}
oX
off
o
>
Mo
g
3
1)
.—]
(¢]
(2]
=
=
o
5
a3,
2
~
2
1o
>
[oZ
o

d
o
g
R
o
o
>
o
3
oo ¥
ol
)
Q
£
)
1o
S~
>
o

env-01 221 airclener-01 Muffler 215 env-02

Q@
2p2

Inrurdier-01

Engine-01

(@ A =g
@

_$_0-01

f1_2_2-01
° o =
Inlet-01 Outlet_1-01
(b) HEe 24
(28 2] 23979 139 84 =g

@

9 2(a)= 19 19] 2 A ZES GT-PowerE ]85}
of B ot 247te] TR 75 HOE
Ao glom, 2+ a4 Wil 2+ AA X9 215
o Hgelo] k. 78 FAL AL F7AL WA,
&Y W ARFgAFolth JAE = ZERA] A3}

[e:

1503



F=itel7 s el Al All2d Al4E, 2011

Aol e 4gElglon, ALRUS Wiehe B8l
ARRBIATHS]. 1 2(b)y= AFARe mEg
GT-Power2 G-AJ3H HGoltt 321 a3 Z|dst vt
8l7] 91514, GT-PowerolA] A|F-3l+= GEM3DE ©|§
of 334l BAYL SA3 F oS S AH KLE L}
o] 12} wdz Hislgr)l AgaRe] Ausae
93t AARAC R, Qe BIE HAFSHWide Open
Throttle) 2SR AAsiolon, AREAMK7E
BTDC(Before Top Dead Center) 10°2 A3}tk 24
H|(AFR)= 13.5:1 #8389t

lo

<
of Mt o

ol
o

3. HIO|AZH A Zn}

3 4 4= GT-Power® 34 d)slo] A
7l 48 E(Torque)2} Z2(Power) 7]E0] X
® AFATs19F vaske] Hoja Qo). ) Eas
26
o

rlo

K=

J8N-mE 2400RPMo]A] HHAY519d 0.0, a4 ko] 2
222 12.75Ps2 4000RPMO|A] 2HAia}eic). Ao &

|
Zskeich. w3 o] AYA div], BEa4s % EH48%
o] F|A o= ZkzF 3% B 1.5% o]U|E AXHQ A
3L A Wk Qi

1% 5= JB8ARE(BSFC) IAATE HojZT 9]
t}. oA 344 2000RPMS A|9]alH, Adba o8 A%
2 o] Hat 8% F= W2 S dl&sta 9lom, Ay
QF= 2000RPMO A 14%2 UEha Q)

Anpog & A4 AdE 12k A& e
z2do B3 9 24T A5 fdht draws
&2 obd] AFAIt AR Atel7h glel 7

)

—e—Computationresult == Experimental result

28

26

24

22

Torque (N-m)

20

18
1600 2000 2400 2800 3200 3600 4000
Engine speed (RPM)
[2& 3] A¥st 2aks Hn

—e—Computationresult -#- Experimental result

15
13
@1
g
2 9
7
5
1600 2000 2400 2800 3200 3600 4000
Engine speed (RPM)
[33 4] A¥st 2945 vlals]
M Experimental result ~ ® Computation result
400
350 -
<
>
E 300
o
%
o
250
200

2000 2400 2800 3200 3600 4000
Engine speed (RPM)
[O3 5] d5AEE vu[5]

= &
Z

B ook % ox ot Ho p

[e]
Agoltt. o 50| A5 FYs
s}

off w2 o |z
fo
o
ox
off
o

o A0 GaFe nlx7|
FURS S e B BE AL L 4o
sk Ak} elo] Wastch. wkeby olelst Azt
ge Faspel] §lstel shaZel o] A

Aol AT 2 ATAE 139 S48 A2
sfo] wuo] AT} o] Aol uAE A

ole BAstaA sk,

H ool ox
e
)

oo

1504



AR A A 23N 1349 A 29
M elo]ye WA F7IUNY BolYS Y 6 EE U¥ GFPS B 5 gk ok w|7kaY o]
3} o] Wb WAsteA Z2te] Muemgle] xRS 9l7] mhelch. olelgt Qi uizhA Zke}
el XL JaEe HAS QHOE A W 2 gloly] FsiAE F7hE2l FulslEne) eely &
Hou@o] EAsIoF AL Bk HiEe] §ol bt Washch AAHOR FYFHS ulwtH WHo
S SR WHOWRE ThEslA AASHE AL IR 40P B 9 thE] CA 440" HolN Fu
2 g8 A17]0] o] WalE wot o5le A & )] FAS| dawhe B 4 ek oleid 3%
SASKE A S Slek 2 ol 48 AL & FURE AL Sloisla, AAle] 52 9 Gely
o B9 F71MH AYAZIAVO: Intake Valve Openyts & FAA|71E Aolo2 23t 402 Pekgch. o]
ag=zh 71 350°CAClE, HZIME RRAVIEVC:  £3O] Pak T 7 89 AURE selE 5 9

Exhaust Valve Close)= 360°CAZ, 23 172 10°CA
olth. A=A 7HE 7|ELoE WHOHFE 20°, 30° 4

40°CAZ} HIES 17 63} Zo] F7HH eo] e 117}
ahge.
= - -Overlap10° = = Overlap20° === Overlap30° -+ Overlap 40°

Lift (mm)

920 180 450

Crank angle (deg)
[32 6] 571 9 wi7|iE o]y
(Max. Lift = 6.6mm)

e B ATA A
EECEERE RS
7 9 gof 77k tpehygict.
ow s valo] 301 melo] A

mye UEhon], wiE ous] 407
f;;oﬂ wle} 450] A7t AT,
S04, 2ud 407 welo] FhA A
Ao Z8L 7L AeE Hét'iﬂie"
12.

1ot X o o

mlo 0

==

8Pso|t}l. @ tﬂﬁ]-o]] w2

of Lhebic). o] sm e EHHI %
& W32 Ho|m 9lon], o

Rgof m2]= PEF2 nju|gt Ao R

o

fru

o
s 19

#gam{wu@u}ruﬂrﬁ
o
ru}i

99]
EAN

o
(O8]
X

RUA

Eu w7}
sk,

i omael Wl Gelgael v s ¥
317] 9l8h 4000RPMO] A E7] W o] Z =7k Wt
E0e 29 100] e YA A @)
3 B el e Wkt Bl

|'>

oJ ko
'a; S|

—e—Overlap 10° --#-- Overlap 20° =4=-Overlap 30° =>~ Overlap 40°

28

[ i --.,.

26

24

22

Torque(N-m)

20

18

1600 2000 2400 2800 3200 3600 4000
Engine speed(RPM)
[3Z 7] A7 ¥4 B3R}

—e—Overlap 10° --#--Overlap 20° =a=-Overlap 30° =>= Overlap 40°

15
13
Zu
]
g o
a
7
5
1600 2000 2400 2800 3200 3600 4000
Engine speed(RPM)
[33 8] Azl X Rt
W Overlap10° m Overlap 20° Overlap 30° Overlap 40°
330
320 1
3
2 310 |
<
S
£ 300 |
1%
@
290
280

2000 2400 2800

Engine speed(RPM)

[a2 9] RPM®E Z} m o] BSFC

3200 3600 4000

1505



F=itel7 s el Al All2d Al4E, 2011

= QOverlap 10° ——0Overlap 20" = Overlap 30° ——-Overlap 40°
0.1

0.08

0.06

0.04

Flow rate(kg/s)

0.02

-0.02

300 350 400 450 500 550 600
Crank angle(deg)

[O& 10] E7|Eo] F9leak (RPM=4000)

42 #-5 HEF7iol Fet

& dolA A 1Ak sfA o] A FrEA

2 a7 E YLk =7} 7|20 2 240°0]ch W
B2 dgzte] ey} qizle] sl v J3dS gt
oFsly] fate] WS 10°2 TAHYA7| 7=}
v 7 B o] A prhs 9 113} o] FAlo HIIAIHA
o} HEYZE o]l 6.6mm=E 115} C)

------ EV230° - IV230°

—EV240° ——IV240°

- = EV250° = = IV250°

Lift (mm)

90 180 270 360 450 540
Crank angle (deg)

[22 11] W 977k 18} (Lift=6.6mm)

e AYpzhE WA sAE B 9 4
A3 29 12 2 139 Yepch A B 99T
ZFo] 230° & wj, 26.8N-mE 2400RPM L7Fof|A] A3}

on, vozmel thu] 204akeich. 17 1364 A
o 228 el REe WH Ay 240 Bl
Hrj &e 128psolch At} 2L T mEe @
Y0 240" mRofL], TiRLEL] JbolA] Zfo] gk
152 e male dyT7h 230" 599
ok O 4 dRARg 23E HelFw gt W

N

X o

o

32

1506

R 230° HHO] ARAnEg v, 240° HEO] A
BARZ| B 0.5% 3t o] mlngh zolch
—&— Duration 230°

--4--Duration 240°  -a--Duration 250°

28
26
£ 2
2
v
z
= 22
e
20
18
1600 2000 2400 2800 3200 3600 4000
Engine speed(RPM)
[a2] 12] RPME 7} rEo] B3
—e—Duration230°  --#--Duration 240" -==-Duration 250"
15
13
;2_, 11
@
5
e 9

7

S

1600 2000 2400 2800 3200 3600 4000

Engine speed(RPM)
[22 13] RPMY 7 melo] &
m Duration230°  m Duration 240° Duration 250°

330

320
£
2 310
<3
-
)
£ 300
(7]
o

290

280

2000 2400 2800 3200 3600 4000
Engine speed(RPM)

[O2 14] ReME 7} mdlo] dAzsns

WE AyTre] Webt 47k SRl v 9
& BA517] 918l 2000RPMOlA] S9)-3S 17 15



HAA A RAL 4] 2

ofll
£
2
1o
S
)
e
ox
off
f
i)
=L
i3

Flow rate(kg/s)

1
i

-=-== Duration 230"

0.05
0.04
0.03
0.02
0.01
(o]
-0.01

-0.02

bl

3719]
=71

L AR 230 mY] F7)En
o] vl3) @2

o

o2 Wt SR olefat A4

PR =
o] n&KRHO| ZHA

=3
>

2 Ak 5

X
N
Lo
N

12}

Joi
N
Jo
ot

to i

N

Jo
ot
A
ox

ot
-9,

p

o Pr

1 oo gy

4

e

b3

Crank angle(deg)

[23 15] E7|MHEo 59l98F (RPM=2000)

FollAe AR o] BAREA 274
lo] Asala =g Ay
o] GT-PowerS E35}o] ZHx} A&
e maE skalen,
w2 e] el

ou, mEF7 el otgFe vk Akl
B AT 230 B ®aAS0] wo|smel oy
718 g A7)t w2

TnEE

[1] W.A. Schuster, "Small Engine Technology", Delmar
Publishers, 1999.

[2] T. Tokui and J. Shirahata, "Small Engine Catalyst for
US Emission Regulations", SAE 2002-32-1837, 2002.

[3] J. Bin, L. Manqun, Y. Xicheng and Sun Yaqin,
"Emission Control Strategy and Technologies on
Chinese-Made Four-stroke Non-Road Small Spark-
Ignition Engines", SAE 2005-32-0052, 2005.

[4] P. Stuecke, C. Egbers and W. Geyer, "A Two-Stroke
Chain Saw Engine to Fulfil Current Tier Emission
Levels", SAE 2005-32-0101, 2005.

[51 ¥4, "Performance Development of the 400cc EFI
Small Engine,” §raAlsl7|4atsl 2], A2 A4
%, 2011.

[6] =9, AFA, WA, olF, “GT-PowerS ©]-&3t
7] UEE 9 WE goly HX3lo] U3t AP,
KSAE F-E£31 shat)s], 2009.

[71 =Z¢, olAL, W7, Zd<%7], “ID SimulationZ ©]
|35 A A5 Tl ek A7, KSAE Fi&
3 sk, 2010.

[8] Gamma Technologies, "GT-Power User's Manual
version 6.2", 2006.

& &4 2l(Kyoun-Min Yeom) ESE)

e 20099 3¢ ~ A : FFOEt
L dvbeshel 714 g skt Ast

<eHop
4 QA RSN

2 X 7o



BHEANSF7 | 485 = A A2 A45, 2011

HE M H(Sung-Young Park) [(Hs]d]

e 2002¢ 5% : Texas A&M
Univ., 7|Al 583} (F3HEEAD

* 20061 4% ~ AA : FFoEt
I, 7| ARFE RS, Rl

1508



