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Pressure-Measuring Transducer utilizing the Magnetostriction
Effect of Ferrite and its Application to the Field
of the Internal Combustion Engine

by
Yasuhiro HORI

A new pressure transducer using a ferrite core for a detecting element and its appli-
cations to the measurments of indicated horsepower and fuel injection rate of Diesel
engines are presented.

The properties cf a ferrite core selected out of commercialized supersonic vibrators
are investigated. The magnetic induction and the reversible permeability of the core
change in proportional to compressive stress at a part of higher induction than the knee
of the magnetization curve and the hysteresis of the respective change is not large. These
stress sensitivities are hardly influenced by temperature. In order to help our understanting
of those properties, the theoretical study based on the domain theory is done. An equation
for materials having negative magnetostriction, which indicates the relation between
magnetic induction changed by applying stresses and various foundamental constants of
the materials is developed. The frequency-response of the detecting element is examined.
The result shows that electro-magnetic losses are neglegible and good frequency-response
is obtaned up to a frequency of 65 kHz, limited by mechanical resonance.

Pressure can be transduced into voltage by utilizing either the change of magnetic
flux or the change of permeability. The transducers are classified by the transducing
methods as follows : direct acting type, amplitude-modulation type, frequency-modulation
type. General features of the transducers are itemized as follows: (1) Output is large. (2)
Inner impedance is minimized. (3) Frequency-responce is good. (4) Components are few
and mechanically tough.

The direct acting type transducer is applied to a horsepower indicator for monitoring
of a marine Diesel engine. The horsepower indicator indicates indicated horsepower,
indicated mean effective pressure and the maximum cylinder pressure. If a cathode ray
oscilloscope is used, this indicator can display a diagram of cylinder pressure vs time or
cylinder pressure vs cylinder volume on it. The test of the horsepower indicator is carried
out on the training ship “Ginga-Maru” for about 500 hours net. The test shows fairly
good results except that the sensitivity of the pressure transducer falls nearly at the rate

of 0.023 percent per hour, probably owning to combustion products piled up on the plunger
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head of the pressure transducer and the plunger head is slightly corroded.

Zeuch reported a method, by which the fuel injection rate of a Diesel engine was
obtained as the time derivatve of the pressure rise in a pressure chamber during injection.
The original injection rate meter is improved by using the direct acting type transducer
instead of a piezo-quarz pressure transducer. The new injection rate meter is easy to
handle and inexpensive. This measuring device is applied to measurement of the injection
rates of the injection system designed for a medium-sized, high-supercharged and exper-
imental engine. In particular, secondary injection observed there is shown in detail.
As another application of the device, the injection rates of the large-sized and geard Diesel

engine recently developed in our country are measured. The oscillating injection observed

at lower speed range is theoretically investigated.
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Table 1.1 Physical effects utilized for main mechano-electric tranducers.

Effect

Main object*

Sensitivity* ** Merit*

1. Resistance change due to variable | strain
dimensions and variable
resistivity of conductor

2. Piezoresistance effect of semicon- | strain
dutor.

of core position.

of air gap.
5. Piezoelectric effect of quartz or force
leadzirconate.
6. Magnetostriction effect of metal | force
or ferrite

3. Inductance change due to change | displacement

4. Capacitance change due to change | displacement

2 easy to handle and
small-sized.

100 high sensitivity.

1 V/mm stable and suitable for
large displacement
1V/p ultra-high sensitivity.

2.3X10712C/N | low temperature coefficient.
—12
600x107*C/N large output.
2000 large output.
1000

suitable for impact force.

* From ref. 44), except the item of piezoelectric effect.
** Values of no dimensions are given in gauge factor.
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Fig. 2.1. Size of a specimen
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Fig. 3.5. Detectors of piston displacement,

Fig. 3.7. Relation between indicated horsepower
engine speed and bottom dead centre

and shaft horsepower of the small-sized

1 Driving wheel coupled with a engine Diesel engine used for calibration.

shaft The curves show that the horsepower
2 Tachogenerator indicator can be calibrated by shaft
3 Clutch handle horsepowers added constant mechnical
4 Reducing gear losses at constant speed. The scale can
5 Differential trasformer for detecting be changed to that of another engine

piston displacement in proportional to the ratio of their
6 Reed switch for detecting b.d.c. cylinder volumes.
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and the amplitude modulation type
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(b) Pressure-volume diagrams obtained with
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(c) Pressure-time diagrams obtained with the
amplitude modulation type transducer
(upper curve) and a strain-gauge type
transducer

(d) Pressure-volume diagrams obtained with
the same traasducers as mentioned at (c)

Fig. 3.9. Comparison of indicator diagrams obtained with three kind of transducers
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Fig. 3.14. Indicator diagrams displayed on the cathode ray oscilloscope
of the horsepower indicator (right side) and those obtained
with a Maihak indicator in following condition : (a) full speed,
(b) Half speed, (c) Slow speed
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Fig. 3.16. Measuring results through a voyage
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Fig. 3.17.

(b)

(a) Plunger head of the pressure transducer after use of 239 hours, remaining

trace of blow-by, and (b) the same part as shown by (a), of the substituted

pressure transducer after use of 257 hours till the end of the test.

In the

latter case, slight corrosions are observed but trace of blow-by is not.
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Fig. 4.1. Injection rate meter designed for a
medium-size injection system
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Fig. 4.3. Signals out of the pressure transducer, passed through a
low-pass filter of various cutoff-frequencies: (a) 10 kHz,

(b) 5 kHz, (c) 2 kHz,
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(d) 1 kHz
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Fig. 4.5. Comparison of the signal out of the injection rate
meter and numerical derivatives of the pressure
change shown in Fig. 4.4,
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Fig. 4.6.

Mesuring example of injection rate
(upper curve) and injection pressure
at a speed of 200 rpm and a injection
quantities of 2.09 cc. Vertical scale:
injection rate 42.9 cc/s/div. Sweep
speed : 5 ms/div.
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Auxiliary injection pipe

Check valve

Main injection pipe
Filter

Check valve

Injection valve ~
L Auxiliary ‘injcction pump

—l —I W -Main injection pump

Schematic diagram of the injection

system for a medium-sized and

experimental Diesel eagine

Injection pump: main PF1CD200A,
auxiliary PF1CD130A

Injection pipe: main 3.5X10X740mm
auxiliary 3.0x8Xx740mm

Nozzle : diameter 0.30mm, number 9
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Fig. 4.8. Characteristic curve of the cam

Test equipment for the injection
rate meter

1 Injection rate meter
2 Injection system

3 Reduction gear

4 D.c. dynamometer




