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Indicated Horsepower Measuring Instrument using
the Magnetostrictive Pressure Indicator

(1st Report)

By
Yasuhiro Hori, Utao Tuzi
This paper deals with a new instrument invented for measuring indicated horsepower,

If an

oscilloscope is used, this instrument can display a diagram of cylinder pressure vs time or cylinder

indicated mean effective pressure and the maximum cylinder pressure of a Diesel engine.
volume on it. The feature of this instrument is that the pressure transducer utilizing the
magnetostriction effect is mechanically tough and has very large output.

The basic principle of the mean effective pressure measuring system is to compute electrically
the area of the pressure curve against cylinder volume per cycle, and this computation is per-
formed by integrating the product of cylinder pressure and derivative of cylinder volume with
respect to time over the period of a cycle. Horsepower is obtained as a product of mean effective
pressure and revolutional speed.

The cylinder pressures picked up with the magnetostrictive pressure indicator are compared
with the reference pressures obtained with a Farnbolo indicator, and it is verified that the values
of both pressure indicators are in good agreement.

On indicated mean effective pressure and indicated horsepower, the readings obtained with
the new instrument agree with the values obtained by means of measuring the area of the pressure
vs volume curve with a planimeter within about three per cent accuracy and the maximum cylinder

pressure examined with a Henni indicator shows accuracy better than two per cent.
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Fig. 1 Indicator diagram
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Fig. 3 Bridge for use with the magnetostrictive pressure transducer
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Fig. 5 Temperature characteristics
A: Shift curve of zero point by the tempera-
ture change of the active gage
B: by the temperature change of the dummy
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C: by the temperature change of the active gage
compensated with the dummy gage
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Fig. 7 Example of damping oscillation of the magnetostrictive pressure transducer
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Fig. 8 Arrangement of the volume and speed
transducer
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Two-coil inductance-ratio type displace-
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Fig. 11 Outputs of the volume transducer and the B.D.C. detector

Table 1 Calibration data of the magnetostrictive
pressure indicator
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40 3.78 3.83 0.05 0.91
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Fig. 14 Signal waveforms in the process of
calibrating the IMEP indicator
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Table 2 Principal items of the test engine
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a Load, 1/4

b Load, 2/4

¢ Load, 3/4

>

d Load, 4/4

«—

a’ Load, 1/4

b’ Load, 274

“«—

¢’ Load, 3/4

d’ Load, 4/4

Fig. 17 Examples of pressure vs time diagram. Upside: with the magnetostrictive pressure indicator.
Downside: with the wire strain gage type pressure indicator. a’, b’ ¢/ and d’ are enlargement of
the combustion part shown in a, b, ¢, and d
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a Load, 1/4

b Load, 2/4

¢ Load, 3/4

d Load, 4/4

Fig. 18 Examples of pressure vs volume diagram
The diagram obtained with the magnetostrictive pressure indicator is imposed
on that obtained with the wire strain gage type pressure indicator

OIFBERE L% O AT Y T ABHSDT, WA
VI~ 2 OBMEB—BLEVDOIIMRTH B2, T
OR—HOFRISFEEMBEL ATV RDOHRTHD
%S, A—BOBEXEMREBII T, ZLALE
ELABEVIRTFTH B, 2T, BROTHRI VI
—2ORT VY v AROENE LR, B S
NARIEBICRE » TV 55 E 5 22Tz, Fig. 19
W7 rvRef v Iy~ 20ERMERELE, o
TeDDORERETH S, ZILHOEMEO LRI
Y v XIE N, EANCIHTHRERA v~ & )L
HEMLTHRBINBEREENOBEAKER L TW
5, YUV HAENBEEEET X v ERVEEIE, b
R HREE 5 2 HVITRIC X - THRIDO/E T LT
b, ERERSHLTERMRL TV, Y Y V&
ENBERLUCERTE 2L 5L, EiiEY v
KEC X v ERORER LAHT Sh, BORIEEH
U5, AR RN BN, EEEBVvCERR

(190)

LD, SAABREATS, WU XS, RTE
Ho Y v AENSETT A S S0 2 L 4T
5, ThONEHL, EMROBERII/NSVOT, T
DN ADFRERE, ¥ v XENBRKETENCEL
(BTl ELBRTIENTED, ZOANARLEY
Y v FNOBBERE 2 4~ w2 2 —F i Ad, LA
HAEKO YV v XENERIEMG2E - THRARD,
Zhe 2 0L & ORBFN LKL T, TOHER
Btz s, ki, BETHEZ2RTIEHFE, E8BO
Wkicyr =27 22 TRELEAMDO 7L FvERE
NElTH Y, FRERBBERANEL 7 v R, B
HERE, L RAOEHEHFELTHDDO IO TH
%, Fig. 20 RPIEGIZ RLAcDDTH S, i, Fig
21 REEFENEE L THEL, R¥EN TR
Lo THAB o e L AREEHO Y Y VHES &
FHBLTRLEDDTHS, XV OFRICHIRE
T, 30kgem DLEDOENTRRERETRS L




/\ Reference
pressure

53

Cooling water

f Cylinder pressure

Pressure gage

X

Reducing valve

X
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Fig. 19 Arrangement of the device for examination of cylinder pressure
obtained with a pressure indicator
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Fig. 20 Example of examination of cylinder pressure obtained with the
magnetostrictive pressure indicator
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£ Y + Ixpansion Table 4 Accuracy of the readings of IMEP
5 stroke
5 { i . TENFTRRARE A—Z THH =8 %
l g g | vkl | manam| B %
L kg/em? kg/en? %
0 5 10 15 20 5 30
Reference pressure, kg/em® 1/4 3.48 3.2 —4.0
Fig. 21 Comparison of cylinder pressure obtained 2/4 4.78 4.6 —2.6
with the magnetostrictive pressure indica- 3/4 5.81 5.7 —1.6
tor with reference pressures 4/4 6.89 6.9 —0.15
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b Load, 2/4

d Load, 4/4
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PRV 1/4 BfFEED 316 rpm X 1 4/4 BfRiEFD 500 rpm
FTTHY, —EETHELT R o LITX BN
13 1.7% 8z v,
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Fig. 22 Shift in zero point in running test

upside:
downside:
a, b, ¢, d:

with the wire strain gage type pressure indicator
with the magnetostrictive pressure indicator
imediately after load shift

a’, b/, ¢/, d’: in 10 minutes after load shift
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Table 6 Accuracy of the readings of the
maximum cylinder pressure

kg/fm? kg/fm® %
1/4 53 53 0
2/4 58 58 0
3/4 60 61 —-1.6
4/4 60 61 -1.6
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Fig. 23 Soot piled up in front of the plunger
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