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Abstract: This study is to investigate the characteristics of fuel rail pressure fluctuation according to fuel
injection pressure, injection pulse width and engine speed in a gas fuel injection system. The fuel rails
with the volume of 5, 100, 200, and 435 cc were used. Compressed air was used as an analogous fuel,
and injection was controlled using an injector driver. A pressure sensor, a piezo-resistive amplifier, and
an oscilloscope were used. The pressure waveform was averaged by measuring 100 times. The injection
pressures were set at 1.5, 3.0, 4.5 and 6.0 bar, and the engine speeds were set at 750, 1000, 1500,
2000, 3000, 4000, 5000 and 6000 rpm and injection periods were 3, 5, 8 and 13 ms. As the engine
speed increased and the injection pulse width became longer, the pressure inside the fuel rail decreased
drastically and the pulsation phenomenon gradually disappeared. Increased engine speed and injection
period started to connect almost continuously in the period of operation of the injector and overlapped
each other finally. It was believed that the fuel rail was not supplied with additional fuel enough to
recover the pressure due to an increase in injection flow rate than the increase in supply volume of the
pressure regulator. Regardless of the volume change, the tendency of the in-rail pressure drop was very
constant, but the pressure fluctuation decreased as the volume of the fuel rail increases, contributing to
securing the fuel injection stability to some extent. Since the reduction in rail pressure did not ensure
the required injection flow rate under full load conditions. Therefore, it is necessary to devise a method

for maintaining the pressure inside the rail.
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Table 1 Specifications of pressure sensor and amplifier

Pressure Sensor Piezo-resistive
Amplifier
Range ~10 bar 1~9.9 mA
Supply 8~28 VDC 20 VDC
Accuracy | £0.2% +0.07%
Stability | +0.1%FS 200 ppm/a

Table 2 Specifications of Oscilloscope

Model Lecroy WaveRunner 44Xi
Maximum Input | 50 3 5 yRMS, 1 MQ, 400 V
Voltage
Sensitivity 50 Q, 2 mV/div~1 V/div

DC Accuracy +1.0% of full scale

=T Offset Range 50 Q, #1 V
A4 dY 4EEs vuste] i 95 999 ¢ Offset Accuracy | +1.5%
2 e EAQL BAMslaa st} Clock Accuracy <5 ppm
3 2
1 . | R 4
D),
5
L) -
@®
OO OO0 8
L TL .
1. Injector 2. Fuel Rail 3. Pressure Sensor 4. Pressure Regulator 5. Air Compressor
6. Oscilloscope 7. Piezoresistive Anplifier 8. Injection Control Unit 9. Vacuum Pump 10. Acylic Sylinder

Fig. 1 Schematics of injection quantity measurement device
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Fig. 2 In-rail pressure as a function of engine speed (rail volume=5 cc)
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Fig. 3 Relative pressure as a function of injection period (rail volume=5 cc)
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Fig. 5 In-rail pressure fluctuation as a crank angle
base according to 13 ms injection pulse

width (rail volume=5 cc)

oS3 7| A|Z3eR K| H233 H4Z, 20194 8 35



A= 2l MHo| JEARA E40l OXl= S&(2) - Y HF ¢ H

2, 6000 rppm< 20~40% FFEOE UFH FFo] A

s,

1.2

ofn

3.4 #HL HEo mE L

=
A Aol dd Wy &

Jm
0x

okzd

g WEel MAE o

@& vlw3ty] 918l Fig. 6, 791 22 ¢€x47]

o
©
T

Relative(/750RPM)
o o
w o

—8— R.V=5cc

- =< -- R.V=100cc
— -©6--- R.V=200cc
|—-"%--— RV=435cc

e
NOo

o
©
T

Relative(/750RPM)
o o
w o

(c) 8 ms

0.0

(d) 13 ms

1 1 1 1
2000 3000 4000 5000

RPM

1
0 1000

1
6000 700@

1 1
3000 4000

1 1
1000 2000

1 1
5000 6000 7000

Fig. 6 Relative pressure as a function of engine speed according to 1.5 bar injection pressure (4 rail

volumes)

1.2
- i — -
= ool —t=fjen : =~
o r 7 -
['4 L [
=] [ r 5
) [ [ ~e
o6} L
[ r L
2 [ [
£ | i
o 03| —8— RV=5cc | [
[v4 F - =< -~ RV=100cc| |

— -©-- - R.V=200cc
a)3ms _ b) 5 ms
0.0 ( ) | | I [ b bt R.V=435cc ( ) | | | | | |
1.2

o
©
—

Relative(/750RPM)
o o
w (=]
-

(d)13 ms

[ (c)8ms
0.0

1 1 1 1 1
0 1000 2000 3000 4000 5000
RPM

1
7000 1000

1
6000

1 1 1
2000 3000 4000
RPM

1 1
5000 6000 7000

Fig. 7 Relative pressure as a function of engine speed according to 6.0 bar injection pressure (4 rail volumes)

36 TEFHIIAISARX H23H M4z, 20194 8



)
(=]

ogk

o] Aol 1.5, 6.0 bard W, Ao F 13] <t
o] 71# &% 750 rpmellAe] Skl i i
AR 713wy FESY ZE Sxe o)

wes
3 5, 100, 200, 435 cc AAFL AR LS ¥
3te] UER AT

HA Fig. 62 1.5 barg A RH, TE A F 9
A8 #de £=o B2 HY WFE 4 Wso]
AR 717 BAIgle] wlg- & A AEdFE
UepdATh E3F oA =238 E 5 o HYH F
A& 4 A Aol yYebdth Fig. 79 6.0 bar
ANXEZ 1.5 bare} UIVIRE BE A H #H Lol

AAG o] o+ 74 HTko) uHO Z+

U= AL FL3AITE 13 ms AP A

L (a) 750RPM

1'45- rn s P

FV 1 - \ L4 \J AP VN

IO I et

Pressure(Bar)

1.0F
09|
F R.V=5cc
0.6 :_ — — — — R.V=100cc
F —_——————— R.V=200cc
07:\\\\|\\\\'\\\\'\\\\'\\_ """""" R.V=435cc
151
I (b) 2000RPM
1.4
13F

NN RIUEaE m)

Pressure(Bar)

1.0F

0.9}

0.8

07:\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\

] 920 180 270 360 450 540 630 720
Crank Angle

Fig. 8 In-rail pressure fluctuation as a crank angle
base according to 5 ms injection pulse width

(4 rail volumes)

- #xE - delg

A5 HY AHo g xo|7t AR oyl Al
Ao W& o] dAstA 7] wZ,
ol A& FAF Frigo] 7H got #Hd AA H=
AL R FEEY #AVE 927 gEQ
2 FET F USs %‘1, Agkgk 41S A A
ol gol Art AY AA Wb Wl u
£ Y& vusty] $38te Fig 8ol A&
1.5 bardll A, BY 3 &5, Y &AL 7|3elA
o AX M Y WF o MES I3 4
wslol] thall =AISHAT

olo] & Zol| Fst= 750 rpmellA H L
ﬂ]z—l o] _%Zr_% uﬂE,] Z]Eo] Z-.7].3].h E/\] oﬂ
el BRI 5 cc LY 4H HE A=
0.13 barZ 7} =31, 100 cc dY-2 0.08 bar, 200
cc= 0.05 bar, 435 cc= 0.02 bar AE=ZE AL W&
o] glx FZolth 2000 pmol A= 5 ccH Y-S oF
0.3 bar®] ¥4E WF AE Holm ¥ Az A
S 7t EXANL AFo] FUMEFE O W Fol

o] %7

>_\.L
A

N2 o

—
S

=

T

A3 AokAE Ag HAY & 9ok
4.3 =

B ATE @A) ofzeuAelN Axgow B
AR AR A

e HAs) sl 4 4, B4

9 A SEe WshE Fu Asion

A

N
b S

]

]_
2z o
==

olN rlo
N
p
5
I
Hox
o
fd
U A

M

)

b o

=)

rin
o &

7tE AAH

>
9
fr
N,
i
o
brt
=
A
>
=
N
N

2 o
oy = M

= @
s g HﬂEOl gl
Aol B o A= s)ei@r

2w
el
e
>
r& =

S S HIAISHYX] M23H M4z, 2019 83 37



4 8 9
e EA
o= g9d
oF & Fav}

Author contributions

H. K. Kim; Investigation. J. H. Hyun; Project

adminstration. I. Y. Ohm; Supervision.

References

1. H. Cho and B. He, 2007, "Spark Ignition Natural
Gas Engines-A review", Energy Conversion and
Management, Vol. 48, No. 6, pp. 608-618.
(DOI:10.1016/j.enconman.2006.05.023)

2.J. O. Han, Y. C. Kim and Y. C. Lee, 2017,
"Fuel Consumption and CO, Characteristics of
HCNG Bus", KIGAS, Vol. 21, No. 2, pp. 20-25.
(DOI:10.7842/kigas.2017.21.2.20)

. H. J. Kim and H. K. Lee, 2015, "Experimental
Study of Emission Characteristics CNG
Passenger Car", KIGAS, Vol. 19, No. 6, pp
34-39. (DOI:10.7842/kigas.2015.19.6.34)

. D. H. Ha, J. M. Jin, S. 1. Hwang, J. K. Yeom
and S. S. Chung, 2012, of the

for

"Diagnosis

38 otRFEI|AlSEY X M23@ H4=, 2019 8€

. J. B. Heywood,

otz

otz pS|

(2) — g = HE 24

Jm

Combustion Characteristics of Spark Ignition
Gas(CNG)

Injection Type", Journal of the Korean Society

Engine with Compressed Natural

for Power System Engineering, Vol. 16, No. 5,
pp. 5-12.

.H G. Kim, . O. Kim and I. Y. Ohm, 2015,

"Experimental Study on Natural Gas Conversion

Vehicle(l) - Fuel Economy, Emission and
Roadability", Transactions of KSAE, Vol. 23, No.
4, pp. 410-419.

(DOI:10.7467/KSAE.2015.23.4.410)

. H. G. Kim, S. T. Kwon and I. Y. Ohm, 2015,

"Experimental Study on Natural Gas Conversion
Vehicle(2) Evaluation of Injection System",
Transactions of KSAE, Vol. 23, No. 4, pp.
444-453. (DOI:10.7467/KSAE.2015.23.4.444)
1988,
Engine Fundamentals", McGraw-Hill, USA, pp.
294-301.

"Internal Combustion

. H. K. Kim, 2016, "Effects of Rail Volume and

Pressure, Operating Speed on Fuel Injection
of
Internal Combustion Engine", Ph D. Dissertation,
Graduate School of NID Fusion Technology,

University

Characteristics in Gas Injection System

Seoul National of Science and

Technology, Seoul.



	연료 레일 체적이 가스분사 특성에 미치는 영향(2) - 레일 내부 압력 변동 특성
	Abstract
	1. 서론
	2. 실험장치 및 방법
	3. 실험결과 및 고찰
	4. 결론
	References


