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Development of a New Rapid Compression-Expansion Machine for

Combustion Test of Internal Combustion Engine

N. H. Jeong - J. U. Bae
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Abstract

Investigators who study on combustion in the cylinders of reciprocating piston type internal
combustion engines have been encountered embarrassments due to the difficulties of adjusting
specific parameter without interfacing other parameters such as cylinder wall temperature,
composition of gas in the cylinder, existence of cylinder lubricant etc. Rapid compression-
expansion machine, the position and speed of piston of which are able to be controlled by means of
a system controlled electrically, and actuated hydraulically could be utilized as one of the most
preferable countermeasures against those difficulties. Several units of rapid compression-
expansion machines were developed but the speed up of frequency of piston movement still is the
problem to be improved to cope with actual speed of internal combustion engines.

Authors designed and manufactured a new rapid compression-expansion machine electrically
controlled, hydraulically actuated, and computer programed and then examined the performance
of one. Results of a set of experiments revealed acquirements of certain improvement on frequency
of piston movement preserving the stability of system response and reproducing accurate
compression ratio of cylinder, those are the key function for the in-cylinder combustion
experiments on internal combustion engines.
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Table 1. Specification of spool and actuator

Spool Actuator

Max. stroke 11 mm 150 mm

Bore 60 mm 100 mm
Over lap 1.5 mm -

(]

DA
Converter
refarenc

Connect
Box

e sign

inject slan sign.

injector A Controlier
Controller Servo VIV T

Accumulator )L
FL

Spool : .
Displacement
Combustion Chamber Actuator Sensor

[ L I I

Injector

Fig. 1 Control system of a new RCEM
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Table 2 Specification of laser sensor and servo
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Actuator

valve * T
Laser sensor "0
Laser Wave 780 nm E oo
Measuring range + 10 mm % 00 4
Resolving power 2 ym(at 60 ms) @ “
Output +4V )
Servo valve A
Dynamic response 190Hz(at 60 ! /min)
Operating pressure Max. 21.4 MPa
Leakage at 14.3 MPa less than 2 I/min

Spool
T

Actuator
s

3 o

Fig.2 Sectional view and outlook of a new
RCEM(the parts enclosed by dotted line are
cylinder & piston to be manufactured later)

2F 9 g Foolg FFL& F47](Accumula-
tor)9] 9t 2 21.4 MPac|¥, Y RololE T+F&
&719) §3& 60 Jolch. Fig2t 34 43—
A Ao dUxg U EE YR Zlojt)

Kobori® o] o3t 13} 52} Al 44
#3498 10 MPa¢] §-3} 53 A& vz A3
4 A A A HngP e ¥ A9 glu A
(gain)oll & 4T Ao/t U AoZ By

T T T d
[ 20 80 %0
Time ms

Fig. 3 A sample curves of actuator displacement in
accordance with reference signal at 21 Hz
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Fig. 4 Compression ratio and displacement of

assuming the stroke to be 140 mm, cylinder

bore 100 mm, compression ratio 15

18.0 * Compression ratio

o0 dandard deviation
185

o
o
!
o
I
~

Compression ratio
e >
s >
1
a
D
o
o
)
&
Standard deviatio!

°
o
S

1354 o

T T v T T T
125 130 138 140 145 150
Stroke mm

Fig.5 Mean compression ratio and standard
deviation by contact method
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Fig. 7 Cushion speed ratio as throttle opening
area at 20 Hz
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Fig.8 Cushion speed ratio as frequency at
throttle opening area 126.8 mm?*
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Gan dB
P e 0w 4o
NN

T T T T T
1 5 10 25 80
Frepuency Hz

Fig.10 Bode plot of a new RCEM
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Fig.11 Actual piston speed as required piston
speed

&3 Ze A3E I

1 g3 HEH 2 2H o] 7H5stz, 43H B
233} 0.01~0.029] AY=E zt= RCEM
o] 4@ UG

2. st FAZAY UEWEHIZN ZHAREY
ZA o] 7bsdtH, Fohyol e {3 22§
REHARE AFE Aot

3. AU PR 9 Zrldx B3stx, 71& RCEM
g a5 FEEA 0 FA4HUASS
st et

4. FR3 SAANPezH H3 JAE AEFS
%7} 19.4Hz(1162rpm 4'3)¢1 RCEMe] 4
A=At

ZANEE

et

1. AEFEY, AH B, A TT, KK B, BEHRK
¥R, BiadsE, P. 53~171, 1995

2. b =a K BE W SEREEEC LT
1 - MEFOFEKE L URBOWRE, B AR
246,477 4135, 1981

3. /bR AN, WA BAE, 2R B, T - ARED
MBE L UOREEOELHRR O DAFBER
WiEEE ORUYE, BAMBEE, 487 4253, 1082

4. Tasakuni Hayashi, Masahiro Taki, Shinji
Kojima and Teruaki Kondo, “Photographic
Observation of Knock with Rapid Compression
and Expansion Machine”, SAE, 841336, 1984

5. mk BAE, i E, E %S, K A, LB —
H#, F 1 — AR ORBD LD DS ERERE
HEOBRMECRT 5HR", D ABRmEE, 550 512
%, 1989

6. Shigeharu Kobori and Takeyuki Kamimoto,
“Development of a Rapid Compression-Expan-
sion Machine Simulationg Diesel Combustion”,
SAE, 952514, 1995

7. B R, EH #—, ARETFIRAERENE, 29,
P. 135~150, 1984

(612)



W71 8 QU E AV VY IS B2 9% 3 A

G (Asmm)

19749 384, 1997 BIshychsin 2
YALHBES Fe, 1998U~HR) = o)
B2 RS, 1999 48~200041 28
2 SH3YUCHE o] ety

HIES (PR

19489 28M, 19704 SIsHYstn 7
U3%D F. 19854 BALSACHET
D Cia FY(MAD., 19904 £ o
B3 FRI(HAD. 1976W~EA) EH2alo
CHEti SHACHE} @4

(613)

75



