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Development of Cylinder Pressure Sensor Integrated with Direct Injector
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ABSTRACT

Polycrystalline piezo-electric element-type cylinder
pressure sensors developed thus far require correction
of the output characteristics due to pyroelectricity
and other factors. This type of sensors also made it
necessary to use plug clamp-type sensors, which had a
large influence on engine layout.

This issue was addressed by integrating a single
crystal piezo-electric element-type cylinder pressure
sensor with a direct injector, and this paper introduces
the effects and characteristics of this new sensor.
Use of an integrated sensor and injector structure
provided commonality with existing parts and enabled
easy installation in turbocharged engines with direct
injection that are expected to become widespread
in the future. In addition, with regards to cylinder
pressure detectability, the use of single crystal piezo-
electric elements with good temperature characteristics
achieved a detection accuracy of +3% compared to the
reference sensor (Kistler (6052B)). Furthermore, the
knocking waveform detectability was also confirmed to
be the same level as that of the reference sensor.
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Table 1 Piezoelectric element comparison
Single crystal Polycrystalline
LasGaes | sioe PbTiOs | PbNb2Os
5014 quartz |lead titanate| lead niobate
langatate
Piezoelectric constant
(pC/N) 75 25 60 80
Performance Pyroelectricity 0 10 20000 15000
o (pC/°C)
characteristic
Temperature
characteristics 0.5< 0.1 0.4 0.3
(%/°C)
Curie tel;nperature _ 570 490 570
Piezoelectric property
degradation temperature| - 350 300 350
Degradation (°C)
characteristic Breaking strength
(MPa) 800 400 500 300
Piezoelectric property
degradation pressure 800 300 400 200
(MPa)

Pressure (N/mm? (MPa))

4.128e+002
2.904e+002
1.680e+002
4.552e+001

-7.692e+001
-1.994e+002
-3.218e+002
-4.442e+002
-5.667e+002
-6.891e+002
-8.115e+002

-9.340e+002
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Fig. 4 Sensor stress simulation result
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Fig. 5 Injector structure
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