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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. 2 Schematic illustration of the magnetostric-
tive pressure transducer
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Fig. 3 Bridge for use with the magnetostrictive pressure transducer
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Fig. 4 Arrangement of 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
gage

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

1: Tachogenerator

2: Clutch handle

3: Two-coil inductance-ratio type displace-
ment transducer

4: B.D.C. detector
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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

o | ATEOHR VY EATY VA
2

ke | e | Enm | v %%
0 0.02 0.02 0 0
10 0.98 1.05 0.07 1.27
20 1.92 1.98 0.06 1.09
30 2.86 2.93 0.07 1.27
40 3.78 3.83 0.05 0.91
50 4.67 4.70 0.03 0.55
60 5.55
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Fig. 12 Comparison of strokes determined from
the output of the volume transducer and
calculated by eq. (9)
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Table 2 Principal items of the test engine
A P41 7 L B REIHEES
VAT £ 275 mm
7 400 mm
FIr iR 23.71
S ) 80 PS
LRSS 6 kg/ent’
HWEEOREX/7 F v 7 2:4% | 800 mm/200 mm
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Fig. 16 Panel arrangement of the IHP measuring instrument
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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

¢ Load, 3/4

b Load, 2/4

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
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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
30 7.2 A—YDOIRLIERRESEDES & R
:59)) HIRTETREE D 2 — 4 TR I N MR
o 25 AHER LOMTENZ, EATEER X VESh
S | RZATEHES 20 (1) RcBBE HE Ak
= N;=0.0264 np; (17
- T & 5 TRad 72 BIRE 71 LI L T, N h Table
& ’ © Compression 4 X Table 5 TR L 7=,
E 10 stroke
E N + EKxpansion Table 4 Accuracy of the readings of IMEP
I3 stroke ‘
5 : O VETATERR | A =2 TH | 2a s
; A fif | XORDRME | mIhicEm | Y
| | kg/cm? kg/cm? %
0 5 10 15 20 5 30
Reference pressure, kg/cm® 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
Table 3 Values of IMEP obtained from the Table 5 Accnracy of the readings of IHP
indicator diagrams by handiwork -
L | EDAIERED | A = XTI an e
| BRD | RO RO | e e 7 fif | X Dﬂ;gﬁ:ﬂa RE gvéf:ﬂ”a o
= O g&ig ﬁit/%ﬁayi 1}‘{77;@& . - 6
(el e ciy e
8/ & & g/ 1/4 29.0 26 —3.3
1/4 3.99 3.48 3.34 —-0.14 2/4 48.8 47 ~2.0
2/4 5.29 4.78 4.85 +0.07 3/4 69.5 70 +0.6
3/4 6.32 5.81 5.69 —0.12 4/4 91.0 91 0
4/4 7.40 6.89 6.56 —-0.33 e
/ > * KAt B EIy
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a Loa, 1/4

b Load, 2/4

c¢ Load, 3/4
: ¥

d Load, 4/4
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Bk 1/4 ATFEED 316 rpm L 0 4/4 BfiFED 500 rpm
FCTHY, —EHTHER TR &I X2
12 1.7% &z s,

7.3 BEEH  Table6ic A — 2 TIERLEZY Y
VERNORBIENE, FRCHEL I~V =D VY
r— 2 OEREEFHEL TRL,

T4 4o —S0FEBE  iTCd R RE

&’

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
A= ZD |~V =2DAVT | oy
g of | R | rexofhn | WEDE
kg /om? kg /om? %
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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F=VLOMz1°C DREXERZ &£L DL FAAF —
DK 2%, W7~ T DIRERRF L X 512 10°C ZEHL
T5L1.5% OFESOHENRL 5, ENOELELE
W EEEECENOERTREE LRV, REE
NOERIZDEFREL T TEDR S, £ C
T, 1/4 2/4 3/4 4/4 AfiOEEZ 10 S 0L L
TITRV, AR Lz eiiths X O —E&f TElsh
i, BENEOREE T 7Y & L CEBIL -,
TDRE, TITVEDY—~ ABBOBELTHEIN
50T, FRFCIRFMOTRERA v r —20h
BANT, T EOMMIRE X I bIFEEL - 72,
Fig. 22 B2 0iifkTd 5, EBEHBOT RN
VI =&, TRHKAOTARA VI — 2T X550
%T&éoik,ﬂ®abbdmﬁﬁ%£2tﬁﬁ,
a’ b’ ¢/ d' B 10 HEOTERTH S, ThiT T,
TR 2 AMERE TERROF 23R v oy
— 2 TIEK 4%, WROTHRA v Ir — 2 TRFD
= BEANCI T 50545 2505,

8. M A & H B

RE OMAME TR D MBI 501, iR &,
SHLEBNREZZT 54 VI — 2 ThHB, WAD
THIMBEFIH L ML, EHREL LB ERn

@l%%i%
f———
/}T

TE, BRPOENOAREVZ EPRHMTHE, 22
HALZZT7 =54 a7, YU v EIES
60 kg/em?® D & Xz 70 kgm® TH b, T HIFEHER S
D 1/14 LT O TR T 5L eTh 5, Fi,
ZIEBEEL LA T 7 7 sk T, BHET v IYT
EN%ZJ 50T, COMGPHIET 22 213E25
nizwv, Lhl, 73V vHoRErE272901c0
Yy MR EIhTWS, ZhidiETch v, Fi
IKTEEZIN TV B, — BN 2 iZflth 52 DT,
LD DEEREZ b, £ T, EHHAA
7 VEEBECER 01, BREEE 80 kgem?® & p:1F T,
MAEDRRZ TR o7 —EBWOEIRZ L, 4
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REEE L7z, 1.4x16° Bz TRESK T LADZO
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Fig. 23 Soot piled up in front of the plunger
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