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Combustion Pressure Sensor

Kouji Tsukada, Masaharu Takeuchi, Sanae Tokumitsu,
Yoshiteru Ohmura, Kazuyoshi Kawaguchi
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Abstract

A new combustion pressure sensor capable of measuring
the pressure in a cylinder of an automobile engine has been
developed. Using the sensor output, the air-fuel ratio in the
cylinder was successfully maintained in the vicinity of the
lean combustion limit. The sensor has been used for con-
trolling an advanced lean combustion engine for improve-
ment of fuel consumption efficiency and reduction of
emissions.

The combustion pressure sensor contains a metal
diaphragm, a force transducer made from Si, and an ampli-
fier. The combustion pressure is converted to the uniaxial

stress through the diaphragm, and then the uniaxial stress is

transformed to the change in resistivity using the piezoresis-
tive effect of Si. The force transducer is designed to utilize
the piezoresistive coefficient, 7g;, for sensing the stress.
The sensor exhibits excellent performance, including
durability and reliability. Since the fracture load of the
force transducer is 1000N, the whole strength of the sensor
is considered to be sufficient for the actual load, 150 - 225 N.
In addition, the sensor output linearly increases with
increasing pressure; the non-linearity is estimated to be less
than 1% of full scale. Consequently, the sensor is applica-

ble to heavier vehicles and automatic transmission vehicles.
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Air/fuel ratio

Three-way catalyst system

20 T 2 torque fluctuation limit

Lean combustion system
with lean mixture sensor

Fig. 1 Lean combustion control system.
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Combustion pressure

Crank angle

Fig. 2 Measured points of combustion pressure.

Fig. 3 Cut model of lean burn engine.
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Fig. 4 Installation of combustion pressure sensor.
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Table 1 Requirement specification of CPS.

Item Rating Unit
Working pressure range 0~10 MPa
Burst pressure 20 MPa
CPS diaphragm —30~400| T
Tempe;e;?gr: Force detective device| —30~150 | T
Signal conditioner | —30~120| T
Sensitivity 80~ 120°C 0.3 V/MPa
Total allowable error +6 %FS
Non-linearity —15 %FS
Bandwidth 5 kHz
AC coupling frequency 0.2~0.75 Hz
Power supply voltage 5+0.25 v
Bias level 1£0.1 A%
Vibrational rasistance 30 G
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Table 2 Comparison of piezoresistive effect and piezoelectric effect.

I Method Piezoresistive effect Piezoelectric effect
tem
Maximun operation Excellent Good
temperature 3000 00 2500
Circuit Excellent Conventlon'al amplifier Poor Charge ar_npllfler
small size large size
Material Excellent Single crystal Good Sinter
Resistance of element Excellent Approximate 1 kiloohm Poor Several megaohm
Production process Excellent Wafer size process Good Individual
Temperature compensation Excellent Simple by resistor Good Complex
Sensitivity Good Small Excellent Large
Total evaluation Excellent Poor
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Table 3 Different types of piezoresistive devices.

Crystal
Maxn
Type | ¥m Structure Plane | Axis |X¥m, | Graphsof win (110) Output
(100) |<110>| 122
Vi—
(110) |<111>| 273
A T ?—-» ) < 100> A R/R=m,0
I, (111) all 172
iy
Oy 211) {<111>| 23
(100) - 0
VI_T
B [e2} (110) {<110>| —172
s { L— < 100> | A RR=7304
(111) all —13
L
211) {<111>| —1/3
(100) - 0
(110) | %45° | +1/4
C | < 100> | V7=kPh 03
(111 - 0
211 - 0

Piezo resistance coefficient of element
138.1 X 10~ Zem®*/dyn (P type silicon 7.8Q/cm)

X
Ky,
%45 45° Oblique from< 100 >axis
k Structure coefficient
p Resistivity
\4 Voltage
1 Current
(o Stress
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X 10~ Zcm’/dyne

Fig. 5 Piezo resistance coefficient of ;.
U Resistivity p =7.8Q-cm
U P type
[0 (110) Plane

Compression force

Force transmission hemisphere

Al-electrode
Force transmission block
( devitrified glass )

Si chip ( single crystal )

Fixing base block
( devitrified glass )

Fig. 6 Structure of piezoresistive device.

Si wafer

1.7X1.7mm

Fig. 7 Micrograph of bonded Si wafer.
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Fig. 8 General photograph of combustion pressure
Sensor.
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Fig. 9 Structure of combustion pressure sensor.
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Fig. 10 Output of piezoresistive device.
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0 1
0 5 10

Pressure (MPa)

Fig. 11 Output of combustion pressure sensor.
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Fig. 12 Waveform of combustion pressure.

Table 4 Characteristics of combustion pressure sensor.

1. Piezoresistive device
Si single crystal
Fixing base block
Force transmission block
Force transmission hemisphere
2. Temperature range
Operation temperature
Conservation temperature
3. Load range
Working range 0 to 75N
Pre-load 150N
Load limit 1000N
4. Sensitivity
0.48 mV/N
5. Non-linearity
Less than 10 full scale
6. Creep, hysteresis
Less than 10 full scale
7. Operating current
3mA
8. Dissipation power
9mW

1.7x 1.7x 0.22 mm
1.7% 1.7x 0.50 mm
1.7x 1.7x 0.50 mm
1.5 mm diameter

80 to 15000
0 40 to 2000
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