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Development of Pressure Transducer and Measurement of Inter-Ring
Gas Pressure in Internal Combustion Engine

ABSTRACT

The gas pressure acting on the rings in internal combustion engine influences the friction, wear
and HC emission. In order to understand their characteristics, it is necessary to measure the inter-
ring gas pressure during engine operations. : |

In this study, miniature type pressure transducer was developed to measure inter-ring gas 'pres-
sure. And measurements of cylinder and inter-ring gas pressure were made on a gasoline engine
running at full and part load conditions. Finally the characteristics of inter-ring gas pressure vari-
ation during engine operations were obtained from analysis of measured data.

F871480) | Strain Gage(2E#<Q 7lo|A)), Pressure Transducer(%# #A), Engine(171),
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Fig.1 Strain gage type pressure transducer
installed in piston to measure inter-ring
pressure
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3P RX(1—4*)

=T T (2)

6Tu:o (3)

714,

ez . Radial strain at the center of the dia-
phragm

er. . Tangential strain at the center of the di-
aphragm

¢z . Radial strain around the periphery of
the diaphragm

ero . Tangential strain around the periphery
of the diaphragm

v . Poisson’s ratio

P : Pressure[Pa]

R, : Diaphragm radius[mn]

t : Diaphragm thickness[mn]

E : Modulus of elasticity[Pa]
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Fig.2 Strain gege for diaphragm pressure
transducer
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g  Acceleration of gravity[ m/sec?]
f. . Resonant frequency|[ Hz]
. =r/glkg/cn’]
v . Specific weight of diaphragm material
[kg/(cmsec)?]

2.4 Hmel MAH
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E =207x10°(Pa)
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f. >20(KHz)
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STRAIN GAGE

— TYPE.: HBM, MY 21-6/120

— GRID DIA. : 6mn

— CARRIER DIA. : 7.3mn

RESISTANCE : 120 Ohm

—~ FULL BRIDGE TYPE(SELF TEMPERA-
TURE CONTROL)

}

SURFACE CLEANER
— SOLVENT CLEANER
. MM, DEGREASER (CSM-1)
— WATER-BASED CLEANER
» MM, CONDITONER A (MCA-2)
MM, NEUTRALIZER 5A (MN5A-2)
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— ROSIN SOLVENT FLUX CLEANER
: MM, M-LINE ROSIN SOLVENT (RSK-1)

3.2 AEHQl HOIA] ¥ EO|E £

A8 JHAE AHE-std ~Ed QL Aol E
fvte] AFH R FAF F, HIE H o
X, H9F nFy, IYZ 5L ol 43k 80
(N) Az doz gdsidl FEHA 243+ 4
T 230CE oidoA unatagg Azt ol
2% ZF7ke 5C/MIN o3& #A 9. 25
gl AelA ¢1E4 Y& 97 Elvld(Termi-
nal) =3 5Y§ niARAYL G AM oJPH
(Sensor Adaptor)Ze] BAFH. o= A}
F3 &AW 22 AR Eulde] Apg
olc}.

ADHESIVE

— TYPE : MM, M-BOND 610

— TWO COMPONENT, SOLVENT-THINNED,
EPOXY-PHENOLIC ADHESIVE FOR HIGE
PERFORMANCE APPLICATION

- OPERATING TEMPERATURE : 260-370°C

BONDABLE TERMINAL

— TYPE : MM, CPF-25C

— GRID SIZE : 1.65x0.64

— CARRIER SIZE : 2.7x1.28

3.3 £~gdel AloXl EHAZ| H cEM

i

Q244 TR 2EHYQ AolAE EHE o
A ARolgt ¥ AMRA) oz 2 dhee) MRS
98] 2% (Coating)& 3slggom, AlA ojE
P EEd HRd 9F WA Y Y o)A
29 3L A AFHoz AeHe Wi
A1 e PHIF O] Wy B9 WAL A% X
W 2 A9¢ A olle & AgaA A
43 &M ¥ S8 FW IHAY Abegolch.

LEAD WIRE
— TYPE [ AE, G1 TAPED
— SIZE : 07/0.08mm

PROTECTIVE COATING

— TYPE : MM, 3140RTV

— OPERATING TEMPERATURE : 260~315C
— CURE REQUIREMENT : 24hr AT 24C

SOLDER
— TYPE : MM, 361A-20R
— OPERATING TEMPERATURE : 183C

SURFACE CLEANER
— SOLVENT CLEANER
MM, DEGREASER(CSM-1)
— WATER-BASED CLEANER
: MM, CONDITIONER A (MCA-2)
MM, NEUTRALIZER 5A (MN5A-2)
— ROSIN SOLVENT FLUX CLEARNER
: MM, M-LINE ROSIN SOLVENT(RSK-1)

919 HAL Fa ARE AN HAGFE
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ArMe 20(bar)e) ¢Hol BT Ay 3.8
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I 9% v gk aes FET G Aol
gL £487 HAME olEE FHAl 2L

50

4.0

3.0 r/ :
2.0 /

Sensor cutput (Volt)

0.0

0.0 5.0 10.0 15.0 20.0 25.0

Input pressure (bar)

Fig.3 Calibration curve between applied pres-
sure and resultant output voltage
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Alr—. Voltage
Amp.
& ____ Pressure
transducer
Silicone . BDC
rubber }

O |
7N

Fig.4 Rig test eguipment to find distortion
effect of inter-ring pressure transduc-
er signal due to cylinder pressure

Voltage
Amp.

Sense output (bar)

B2 AF A48 g AlY 4EL 24 o
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4. FEFA

Fig.62 A= 48 AAE Fag J2g9
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1.0 J
0.5 e
. o
0.0 ‘F’l#g‘j
=-0.5
=1.0
-3.0 0.0 - 5.0 10.0 15.0 20.0 25.0

Chamber pressure (bar)

Fig.5 Calibration curve of distorsion effect of
inter-ringfor inter—ring pressure trans-
ducer signal due to ¢ylinder pressure

Fig.6 Test piston/ring pack
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Fig.7 Test engine installed linkage system
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Table 1 Engine Specifications

Displacement Volume(Liter) 1.5
Bore(mn) x Stroke(mm) 76.5 %81
Connecting Rod Length(mm) 130
Pin Offset(mm) 0.5
Piston Crown-Head Clearance at 12
TDC(mm)

Charge Amp, - :
l (Cylinder preasure) Hﬂ“"

Phola disk

Inlerface Mlero—
board eamputer

\Photo sensor Yoltarg Amp. FilL
{Inter=ring pressure) .r .

Triggering pulemes

Grasshopper
linkags ayslem

Fig.8 Overall data acquisition system including test engine and measuring equipment
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A 20
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) 180 360 540 720
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------ Cylinder| Pressure
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o~
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2
g
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B 20
0‘0 ey g — T T
) 180 360 540 720

Crank angle (deg)

(¢) 3000rpm, Full Load

6. Za % i
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6.0
------ Cylinded Presaure
Inter Ring Preasure
[
a0
o9
=
A
g
=]
2
2
a. 20
.‘: l"\. )
n: "\\
0.0 L//\‘~
o 180 360 540 720
Crank angle (deg)
(b) 2000rpm, Full Load
6.0
B R Cylindeq Pressure
=—— Intar R|ng Presaure
o 40 —
& L
g
s A
!
[«H 20
~
oo e g e N
"0 120 360 sS40 720

Crank angle (-deg)‘

(d) 4000rpm, Full Load

Fig.9 Measured cylinder and inter-ring pressure
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. 5.0
-~ I
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~ 3.0
g slolekd Cylinder predsure
2 GEEO Inter—ring plessure
@ 2.0
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Engine speed (r pm)

Fig.10 Enginé speed versus pesk pressure at
full load

1.00
bl e L
I o i g
= = inter—Rily Prassise, 4000

0.75 :

0.50

0.25

0.00 =

0 720

Crank angle (deg)

Fig.11 Variation of normalized inter-ring
pressure against engine speed. Full

load cond.

0.5
E 0.4
E 0.3
g 4
£~ 0.2 [Foun
5 £ \,
-;g 0.1 S
2%‘ T
E =3 OO

0.0 1000.0 2000.0 3000.0 4000.0 5000.0

Engine speed (rpm)

Fig.12 Engine speed versus ratio of inter-
ring to cylinder peak pressure at full
load condition.

6.0
------ Cylinges Prassure
— inler Ring Pressurg
-~
& a0
=
Al
%
& 20
a .
oo AN S W
“ o 180 180 540 730
Crank angle (deg)
(a) 3000rpm, Half Load
6.0 -
...... Cylinded Presaura
intar Ring Prassure
Y
[a
=
@
g
1]
£ 20
o - : ez
[ 120 360 540 720

Crank angle (deg)

(b) 3000rpm, No Load

Fig.13 Measured cylinder and inter—ring pres-
sure, 3,000rpm, half and no load cond.
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Ralio of inter-ring lo cylindar

peak pressura [—)
S e

o
o

0.0 23.0 50.0 75.0 100.0

Engine load (%)

Fig.14 Engine load versus ratio of inter-ring
to cylinder pesk pressure at 3,000rpm
condition.
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