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Development of a New Rapid Compression-Expansion
Machine for Combustion Test of Internal Combustion Engine

Namhoon, JEONG - Jonguk, BAE
(KOSME)

Key Ward : Internal Combustion Engine, Diesel Engine, Rapid Compression-
Expansion Machine, Compression Ratio, Compression Speed, Optimum
Cushion Throttle Opening Area

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 130 mm
Bore 60 mm 100 mm
Over lap 1.5 mm -

inject atant sign. Teterance sion.

Injector Contriler

Oisplacement

Combustion Chamber Sensor

Injsctor [ :E :: Ll—j D—~

fig.1 Control system of a new RCEM
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table 2 Specification of laser sensor

and servo valve

Laser sensor

Laser

Wave 780 nm

Measuring range

* 10 mm

Resolving power

2 pmlat 60 ms)

Qutput

+t 4V

Servo valve

Dynamic response

190Hz(at 60 { /min)

Operating pressure

Max. 21.4 MPa

Leakage
at 14.3 MPa

less than 2 £ /min

Accumulator

Spooi
Sensor

fig.2 Cross section and outlook of a

new RCEM(

the parts enclosed by

dotted line are cylinder & piston to be

manufactured later)
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fig.3 A sample from curves of actuator
displacement in accordance with reference
signal at 21 Hz

drxel AL &7V Ao 74 FA
o] Ao Ut

Fig2e 5% ¢5-%% 239
AYEE YEd Rolt

g =9

3. 484y % 4%

Kobori® ol oj3d £xs 3z Aleb
Hugd 10 MPage] 23 53 AlE
23 94 =& did FugH
A9 gu oKl Z4a¥ A7t
°2 Hyuxu ot A& A7 A
T LS d¥og FEAIH, H2ES
HZ 3 AFoolE o] HAE 23579 FY3t
g £ °“]:T"°ﬂ’~‘]\_ H2Eo] AzEA e
Feol A FRE AYgetg Algsn, AR
olEl 8] YA E & AF FAMIATH

Fig.3& d8 4A3=2A 21 Hz9 %3 &+
Aot wWel adezAe ARoolE
938 ebd ololh o B¢ aAFES
A= 09 M RAPoz o] =H I}
te A e ARle Al T3 94
oA elsted 2R

= r8
o2 K Pt
Ot
>)£ flo ot mx

o & off
fr

Ol

olf iz o m\m

A

I3

1. =H9 AAA
HA71 Bl M gFus o g F83 84
olmg, FatgdMe e YA} 2

M-47



a
J

° o
17 -
o] o °
o °
= -3
e ° o ° o
£ o
S 154 o o ° o °
'3 -3 o o
3 ° °
"N
£ °
3 o
(8] °
13 °
12 Y T L T T T
[ s 10 15 20 1 k] 38

Frequency Hz

fig.4 Compression ratio 5 times result of
assuming the stroke to be 140 mm,
cylinder bore 100 mm and combustion
chamber volume 785.8 c¢cm®
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fig.5 Combustion ratio and standard

deviation from 15 times data vs stroke
by contact method
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fig.6 Oil cushion at actuator
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fig.7 Cushion speed ratio at 49 mm’

opening
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fig.8 Cushion speed ratio as throttle
opening area at 20 Hz
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fig.9 Cushion speed ratio as frequency at
throttle opening area 126.8 mm?
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fig.10 Optimum throttle opening area as
frequency
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fig.11 Bode plot of a new RCEM
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