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Studies on the Measuring Instruments
of Engine Output

With a tendency of development of automation for ships, remote control systems for
diesel engine have been greatly employed, and the systematic researches of remote cont-
rol system have been studied in the Shipbuilding Research Association of Japan.

Among them, remote measurements of pressure in cylinder, indicated horse power and
brake horse power have been required in order to control the running condition of diesel
engine.

Nowadays, numerous measuring devices have been developed, but they are not put to
practical use yet, for the reason of their accuracy and remote measurements.

Lately 53rd and 60th Research Committees of the Shipbuilding Research Association
of Japan have been established, and the research of practical use of direct reading type
Pmi-meter was performed in Kobe Engine Works of Shin Mitsubishi Heavy-Industries
Ltd. and it was used in the actual ship in 1961 and 1962.

This report shows the contents of examination of direct type Pmi-meter in firm and
actual ship.

[n the first year various types for detectors of pressure in cylinder, such as Maihak
indicator, resistance wire type indicator and moving anode type indicator were used to
compare maximum pressure and pressure wave in cylinder with each other and indicated
mean effective pressure obtaind from the pressure wave.

The direct reading type Pmi-meter was manufactured for trial and the research was
performed for its practical use. Hitherto, Pmi is mainly measured with the aid of Maihak
indicator, that is, Pmi is calculated from its indicator diagram (draw-curve) shown on
the card specifying relations between piston stroke and pressure in cylinder.

Thus indicated horse power is calculated, but this method needs plenty of time and
laborious work, in addition to the insufficient accuracy of the measurement.

The direct reading type Pmi-meter was manufactured to solve the above mentioned
problems and it comes to practical use by experimental tests in which we can directly read
Pmi (indicated mean effective pressure) by means of electrical multiplication of quantity
of electricity detected from piston speed and pressure in cylinder.

Four kinds of torsion-meter were employed for the measurement of brake horse power,
which are Togino type of optical system, Kuno type of electro-magnetic system, Kyowa
type with recorder of strain gauge system and Toshiba type of electro-magnetic system.
They were tested in firm and actual ship and it has been clarified that there are problems
about indication method of variable brake horse power and durability installed in actual
ship.

In the second year, the research on the method of remote-measuring of Pmi from
control room was performed.



That is, piston speed detector of direct reading type Pmi meter is improved to get
changed over to each cylinder through the aid of electro-motive device and the valve
capable of remote opening and shutting by electric or pneumatic system for engine pressure
indicator valve and catching Pmi of any cylinder at control room was manufactured.

On the other hand, test was made in regard to the stress on the assembled bolt of
engine, detected by means of strain gauge and the maximum pressure in cylinder obtained.

It has been shown that the detection of pressure wave in cylinder was capable by
this method, but the research about durability is needed hereafter.

Pressure detecting device in cylinder and the problems encountered in the first year
were improved in co-operation with the indicator makers, and sufficient results were
obtained in the last experimental test.

As the results of this research, it seems to say that this experiment will be very use-
ful to the automation of the vessel, economical improvement in the engine maintenance
and the reduction of engineer's labour.
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Tahle 4.1 Measurement devices used for the research

Measuring item

Comparison of pressure
in cvlinders

Indicated mean effective |

pressure

Brake horse power com-
parison of dynamometers

Shaft torque

Measuring instrument

Electric resistance wire type pressure gauge (1)
Electric resistance wire type pressure gauge (2)

Dynamic strain gauge (1)
Dvnamic strain gauge (2)
Electro-magnetic oscillograph
Engine analvzer

Variable anode I‘.p( pressire gauge

I.LH.P. Mﬂ(r Mai Hak indicator

Kyvowa tvpe dynamometer
Toshiba type dynamometer
Hydraulic dynamometer

Togino type dvnamometer

Kuno tvpe dynamometer

Strain gauge
Dynamic strain gauge
Electro-magnetic oscillograph

-— 30 —

Type Instrument maker
PHF 10E  Kyvowa Dengyo
PRE 100 Shinko Tsushin
DM-3E Kyowa Dengyo

Ds6-R Shinko Tsushin
500-A Sanei Sokki
KEA 5 Kyoritsu Denpa

Mltmbith Kaobe

Kvowa Dengvo
Toshiba
'I‘lll-i’\'u Kllki

Mitsubishi Kobe

KPR 4 Kvowa Dengvo
DM-3E ”
201A Saner Sokki



Table 4-2 Engine type and measurement item for the research

Toak |
{;f:‘ Date of test  Test engine Measuring item Measuring instrument
ani - | Oscillo. (Sanei) 500A
1 1961. 2. | F{,efs‘ge 1rn cylinder Strain gauge (Kyowa) DM-3E
13000 PSe 1 L) | Pressure g 4% BEBLABE
| | Pressure gauge (Kyowa) PHF 10E
Hydraulic dynamometer
; 1961. 5. 4 6RD9O Brake horse power Togino type dynamometer
2z g9bl, O, 4 H 2
14000 PSe g(;rrl;ir)arlson of dynamo- Toshiba type dynamometer
: Kyvowa type dynamometer
f Oscillo. (Sanei)  500A
6RD6S t’rl;e?“zm il:)cylinder | Strain gauge (Kyowa) DM-3E
3 | 1961, 6,14 | : Indic [':vl‘l'lf'  effecti Pressure gauge (Kyowa) PHF-10E
6 3 a ar “tive
| 6600 PSe st ILH.P. meter (Mutsubishi Kobe)
Mai Hak indicator
1 Oscillo. (Sanei) 500A
Pressure in eylinder Strain gauge (Kyowa) DM 3E
(P-1 Curve) | Pressure gauge (Kyowa) PHF-10E
Comparison of pressure Pressure gauge (Shinko) PRE 100
| TRD68 genes LLH.P. meter (Musubishi Kobe)
4 1961, 7.16 | Indicated mean effective ) o
| 7700 PSe pressure Mai Hak indicator
Brake horse power Hydraulic dynamometer
Comparison of dynamo- Togino type dynamometer
meter Toshiba type dynamometer
Kyowa type dynamometer
Pressure in cylinder Oscillo. (Sanei)  500A
(P-t Curve) ' Strain gauge (Kyowa) DM 2SE
| 1961.10. 6 | 9RD9O L'fifﬂtid mean eflective | Strain gauge (Shinko) DS6R
5 7 | ; ) I.LH.P. meter (Mitsubishi Kobe)
10 | 18000 PSe Comparison of pressure Mai Hak indic:
gauge al ak ndhicator
| Zero point variation of | Pressure gauge (Kyowa) PHF-10E
pressure gauge Pressure gauge (Shinko) PRE-100
Oscillo. (Sanei)  500A
Strain gauge (Kvowa) DM 2SE
| p ) lind Strain gauge (Shinko) DS6R
ressure in cylinder .
(P-t Curve) LLH.P. meter (Mitsubishi Kaobe)
| i Indicated mean effective | Mai Hak indicator
¢ | 1961.10.31 | 6RD6S pressure | Pressure gauge (Kvowa) PHF-10E
11. 2| 6300 PSe Max. pressure Pressure gauge (Shinko) PRE 100

Brake horse power

Comparison of dynamo- |

meter

Pressure gauge (Kyvoryoku) engine analyzer

Hydraulic dynamometer

Togino type dynamometer

Kyowa type dynamometer

Kuno type dynamometer




Table 4:3 Pmi measurement results of 9RDI0 type diesel engine

Date of | Load ‘

test | (%) | P
10/ 6 50 | 96.7
10/ 6 75 | 109.3
10/ 6 ; 119.4
10/ 7 . 50 | 95.0
10/ 7 15 108.;
10/ 7 _IOU 117.2
10/10 20| 75.9
10/10 _ ;)0 94.5
10/10 75 | 108.7
10/10 100 | 119.6

nw»‘onmb‘onm:alUOm»‘cnm:»

o

UOmb‘cnw:» unm:»‘onm:» 00w

5.8
6.0
6.46

7.5
7.04

o =1 w oo

W W W e
o
—

.73
7
.95

Ll & Woon

7.23
7.20
6.39

6.63

8.5
8.58
7.31

8.32

5.8
6.1
5.63
7.36
137
8.11

9.0

8.49 |

6.82
9.01

6.26

6.38

5.01
5.05
7.63
7.78

6.60

6.82

8.96

9.31 |

7.62

8.39 |

4.0

3.83
3.42
3.48

5.86
5.89
5.01
5.23

7.86
7.69
6.67

6.89 |

8.53
9.1

7.85
8.14

Indicated mean effective pressure

71 | 7.4 | 7.7

7.85

8.73 | 8.7 9.4
8.24
7.02
9.37

6.0 6.0 6.03
6.23 | 6.08 | 6.53
4.87 | 5.02| 5.08
4.8) | '5;214 537

7.43| 7.33| 8.1

7.65| 7.21| 7.48
6.04 | 5.88 | 6.05
6.43 | 6.72| 7.25

9.4 9.63 | 9.7

9.0 8.71 | 9.34

7.30 | 7.30| 7.69
8.47

7.75 | 7.97

4.0 3.9 4.3
3.68
3.11
3.00

o |
~1
[=;]
o

5.6
5.73
5.13

~]
5]
-~
_—
oo}
o Co

.41
5.85
6.03

=3

8.9 8.4 9.3
8.65 B8.59| 9.29
6.92
7.58

No. of cylinder

6 7

6.2 6.3

|
|
9.0 | 9.3
5.83 | 6.16
6.55| 6.39
5.35 | 5.21
5.47 | 5.42
8.33 | 8.5
7.62| 7.58
5.72 | 5.99
6.69 | 7.13
9.4 9.83
9.32 | 9.32
8.15| 7.71
8.3 | 8.21
4.1 1.4
1_3‘2 _6_.3
6 | 7.9
] 7.52
9.0 9.6
9.05 8.9

=Ry

(Pmi-kg/em?

8 | 9
5.9 | 5.8
|
7.6 | 7.7
|
9.2 | 8.8
|

L =~} 00

5.1 5.01
5.18 .23
03| 7.9

62| 7.74 |

88 5.89
6.74 | 6.90
9.5 | 9.5
9.45 | 9.40
7.92 | 7.61
8.35 | 8.38
4.0 1.1
6.1 6.0
8.0 ‘ 8.1
787 | =
92 89
9.28 8.94

91 6.03

5.39 | 6.30

.06

1

.98

92

.83
o6
.02
.82



Table 4:3 continued

Indicated mean effective pressure (Pmi-kg/cm?)

Date of | Lo Kind : B
‘i:’itn (é?;] rpm | of No. of cylinder
M.L R e B
1 | 2 3 4 5 6 7 8 9 Mean
i A 573 5.66 5.53 5.4 5.8 5.6 5.8 5.5 5.6 5.62
| [~ ~ = = R o ] £ = 5 A9 gl 5 -
10/12 50| 95.3 B 5.58 | 5.57| 5.47| 5.16 5.64 | 5.71 | 5.63 5.58| 5.55| 5.55
&
D
A | 7.23| 7.43| 703| 71 | 7.6 | 71 | 74 | 72 | 723 | 71297
: 4 7.09 6.76 4 . .5 .32
10/12 i liorg | B | 7| 72 09| 6.76 | 7.3 | 77| 77| 7.5 | 7.32| 7.18
¢ |
R |
A | 763 79| 7.63| 7.6 | 8.0 | 8.1 | 7.8 | 77 | 86 | 7.89
| 7.83 | 7.92 : 44 5 95 : 5
i | — 7 7.73 | 7. 8.05/ 7.95 7.83 8.00 7.9 | 7.8
C I
D ' '
A | 84 ) 82 | 89 | 87 | 9.0 | 9. 9.3 8.6 | 9.2 | 8.8
|
: 8.411 9.0 | 87 829 9.0 98 8.73| 9.04| 9.03| 8.8
10/12 | 100 | 120 B 8,28 f | o | o
. |
' D !
' A | 893| 89 | 9.06! 9.1 |10.0 | 9.2 | 9.5 @ 9.7 | 10.0 | 9.38
' 9.38 9.56 9.2 | 9.08 9.98 9.63 9.68 9.81| 9.87| 9.5
10/12 110 | 1964 B . .6 .68 9. 9.87 9.56
. C
| D | 7.18| 7.79| 7.36 | 7.76 | 8.45 | 8.43| 8.20| 8.13| 7.80 | 7.93

\

Pmi (kg/cme2)(LH.P. meter)

7 B i I ) H /_.‘» S S T S S S —
|
/. . | | ,J/ [ _ |
—1 et 1 (S N ) S [ W S |
| e | | |
1 ! i } L ] 1
. 2 ¢ B B 10 ¢ 2 4 g :
Pin (kg cm?) Maihak Indicator Pik (kg/tm?) moving-anode-type indicat
Fig. 4.1 Comparison between LLH.P. meter & Fig. 4.2 Comparison between LH.P. meter &
Maihak indicator moving anode type indicator

— 23



|
Date of
test

10/31

10/31

10/31

11/ 2

11/ 9

Table 4-4 P measurement results of 6RD68 type diesel engine

Load ‘.
(%) | ™™
|
| b
|
|
25 83.9
50 104.9
75 120.9
100 132.9
2h 85.0
|
50 104.0
75 121.5
100 133.0
25 83.1

Kind of

measure-

ment

A
B

o O

WP DO DO |ICOWP CO@PI OO O0O0WH P U oz >

= O

Indicated mean effective pressure

No. of eylinder

3

1 } 2 4 (5 | Mean

3.77 | 4.03| 3.9 4.15| 4.15| 4.0 4.0

3.76 | 3.67 | 3.67| 3.74| 3.79| 3.67| 3.72
2.91| 279 2.73| 2.98| 2.80| 3.07| 2.9
3.97 | 4.07 4.07| 4.13| 4.16| 4.09| 4.08
5.4 5.87 | 5.73| 6.37| 6.38| 6.17| 5.97
5.62| 5.82| 5.72| 5.66| 5.87| 5.79| 5.75
3.39 | 4.05 4.21| 4.48| 4.4 4.47 | 4.7
6.08| 574 5.75| 6.07| 6.46| 5.68| 5.9
7.28| 7.53( 7.53| 7.93| 8.1 7.6 7.66
7.43| 7.40| 7.31| 7.23| 7.76| 7.41| 7.42
6.02| 58| 572 595| 5.9 5.64 | 5.85
7.73| 776 7.71| 8.08| 8.17| 7.85| 7.8
8.83| 9.2 9.1 | 96 i 9.5 | 9.45| 9.19
8.93| 9.08 8.88| 8.71| 9.07| 8.94| 9.10
7.25| 7.02 6.94| 6.8 7.24| 6.95| 7.04
9.59 | 9.26 9.22| 8.97| 9.38| 8.97 9.23
4.03| 4.18| 3.98| 3.97| 4.17| 4.0 4.05
3.67| 3.69 3.59| 3.68| 3.77| 3.77| 3.69
2,69 262 2.73| 2.73| 2.82| 2.82| 274
1.9 4.36 3.9 4.12| 4.18| 4.12| 4.10
573 | 5.77 5.97| 577| 5.8 5.93 | 5.83
5.85| 5.76 5.60| 5.60| 5.77| 5.82| 5.73
4.69 | 4.4 4.58 | 4.26| 4.22| 4.48| 4.44
6.22| 594  6.22| 6.1 5.85| 5.98| 6.05
7.53| 7.6 7.7 7.4 7.5 7.55 | 17.55
7.31| 7.22| 79| 7.19| 7.26| 7.30| 7.25
6.60| 568| 523| 5.8 5.28| 5.29| 5.55
8.22| 775 8.03| 8.34| 7.47| 7.60| 7.9
9.12 8.9 9.0 8.47 | 8.87| 9.03| 8.9

8.83 8.92 870| 8.80| 9.08| 9.22| 8.92
6.9 | 7.22 7.06| 7.3| 7.08 21| 7.14
9.31 | 9.44 9.2 | 9.29| 9.38| 9.26| 9.32
4.2 | 4.0 3.77| 3.97| 4.06| 4.02| 4.0

3.98| 3.60 3.67| 3.72| 3.66| 3.67| 3.72
2.93 | 2.41 2.61 2,65 2.68‘ 2.62 2.65
4.37 | 3.92  4.00| 4.09| 4.05| 4.17| 4.10
4.33 | 3.67 3

(Pmi-kg/cm?)

.36 3.72



Table 4:4

’ Kind of
Date of | L?!_d | fpm measure-
test | (%) ment

11/ 9 60 | 105.1 o

11/ 9 75 [ 120.3 C

11/ 9 85 126.2 C

11/ 9 100 | 133.7

oo B = T

o m >

11/ 9 105 | 135.5

o

11/ 9 110 | 139.4
|

o m» | M

—_—
L3

NEE S QU P ADICITE iR AR oy

{73,
Pmi=0.982 Piy—0.15 kg/cm®

[t o (S EL S 0.9840.03
Pmi = 1002 Pm —0.02 kg/cmz

[l (% & D (F#APR A 1.00220.04
Pmi=0.978 Pix +0.38 kg/cm?

[l Gk D S BB 0.978+0.026

(=2 =
5 e
[ 3=

-~} 9 & o oo | O U On
[=
=]

-3 oo S o0 O
o o
S D

9.93

9.93 |

7.30
9.79

10.5

10.15
8.28

11.08
9.63

R il e ey

DU 9

continued

Indicated mean effective pressure (Pmi-kg/cm?)

8.11
7.71
5.77
7.5
7.06

3.29
6.62
8.52
7.49

9.37
9.58
6,96
9.57
9.04

9.48
9.93
7.15
9.94

9.47

10.07
9.98
7.68

10.55

10.1

5(}K

No. of cylinder

.98

P E NG 2~ 1

4 5 s
6.1 6.11 6.2
5.75 5.69 5.85
4.70 4.45 4.58
5.94 5.81 5.85
5.46 | 5.53 5.58
8.07 | 8.31 8.27
7.56 | 7.47 7.7
5.48 5.44 5.64
7.58 7.61 s B
6.97 | 6.61  7.05
8.5 9.03 8.8
8.06 | 7.99 8.30
5.99 6.18 .55
8.5 8.42 8.37
7.27 7.21 7.48
9.62 9.76 9.37
9.34 9.34 0.534
6.82 6.75 6.87 |
9.20 9.30 9.40
9,48 |  9.50 9.29
9.7 9.8 10.1
9.48 9,48 ==
7.63 7.75 7.27
10.87  10.35 9.79
.30 9,28 9.71
10.23 10.6 10.73
9.45 9.72 9.76
8.00 7.62 7.77
10.79  11.00  10.87
10.09  10.47  10.4

> 2 FRIE T O R

oxy PRI O

TR IR & nl B MR R IE G O B B

b LB LIEHIEREZ DS 2o

[:':) e

7.02

10. 10

7.85
10.85
10.14



Table 4.5 LH.P. measurement results of 9RDY0 type diesel engine

G ; e Indicated horse power (LH.I%.)
Date of test | %.::a;l hng(";:;“':?wd | rl_\’l:zt(:l:?t:k:ver i ‘
| | (B.H.P) A B ¢ D
- 50 9.7 9208 11328 11436 11670
S. 36.10. 6 75 1093 13637 | 16291 15496 17190
100 119.4 18060 20995 19494 16167 21297
50 Y5.0 , 9046 [ 11319 11906 9546 9813
S. 36.10. 7 | 75 08.4 13525 16731 16157 12858 | 14571
100 117.2 17985 22119 21580 17967 19347
25 75.9 | 4554 6128 5643 5154 5142
50 94.5 8998 11133 10797 9360 9678
S: 9610, 10 75 108.7 962 | 16591 16173 19506 | 13962
100 9.6 18041 | 21030 21041 17349 18888
50 95.3 ! 9074 10566 | 10414
75 107.6 13425 15410 15230
S, 6.10.12 | 85 | 113.3 15341 17622 17530
L1100 120.0 18151 20866 20808
110 126.7 20395 23416 23888 19768

etz vtz 1 oo 28, wffhMENE E Liz 1y 70 fIkUltﬂil:i_"Cm/u_ma,'f}.l L=V
WO kb 5 o M oMisnd 4, =v I vy IO XINEHEET 2 L5122 Y v XIED],
HENEE, Wz, B AR OE#Z R LT L0 TN EETIE N OY 1 2 M g0 KT
kX o LR E S, S50 P—t thie o FREMIEN 2R LERC b 48 & SEMA

Table 4:6 LH.P. measurement results of 9RDES type dicsel engine

" Load Engine speed Hydraulic Indicated horse power (LH.I".)
Date of test (%) G (1}'{[’1};;!1]\_([.)11}‘;0;!.‘!’ . .
HLP. A B e D E

25 85.9 1573 | o162 | 2m8 | 1564 | 208 | —

o 50 104.9 3147 | 3800 @ 3649 | 2645 | 3784 ‘ o
S.:36.10.31 75 120.9 4721 | 5608 5433 4285 5772 =
100 132.9 6295 | 7470 7190 | 5667 | 7428 | —

25 5.0 1594 2088 | 1902 1408 | 2100 | —

o 50 104.0 3120 667 G608 | 2794 | 3808 | —
2pid0itl; 2 75 121.5 4745 5552 | 5334 | 4084 | 5812 | —
100 133.0 6300 7165 7187 | 5748 | 7508 ‘ —

25 83.1 1558 2013 1871 | 1334 | 2060 | 1873

50 105.1 3153 3858 4701 2050 3714 | 3591

75 120.4 1698 5945 | 5580 | 4119 | 5650 | 5112

S. 36.11. 9 85 26.2 5364 6566 | 6258 @ 4823 | 6485 [ 5680
100 133.7 6333 7712 | 7658 | 5623 | 7770 | 7505

105 135.5 6624 8004 7904 | 6066 | 8278 | 7660

115 139.4 7280 8759 8208 6629 9159 8556

= o AR
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Fig. 43 Comparison between TLH.P. meter & Fig. 4-4 Unbalance among each cyvlinder

Maihak indicator
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Table 4.7

Indicator draw curve divided method Harmonie analysis method

Load g ot . . i : Mean
(o) 10 divided | 20 divided | 40 divided — Planimeter  Calculation  Analyzer

25 | 3.68 343 3.64 3.61 3.63 3.93 3.70

50 ! 5.58 5.61 5.79 5.45 l 5.36 5.45 ‘ 5.44

75 6_81 6.89 6.71 6.76 6.56 | 6.44 [ 6.70

100 | 8.04 | 8.2 8.06 8.14 7.97 8.37 | 8.13
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THET 2L S50, BRI X - CHIET 5 5L LT P—t dhifge 7 — v =u-
BHLTohEEEOR L h Pmi 2§02,
ETEA /MR & E3HE Pmi BROZT L EbINS,
2

1"mi=-1

2R Su
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P—t #BH HE A NE NI 4~5% BREOMENTREEIC L > TEL L Z Livbi s,

X ZTOEICREMENTOWT OB 217178 > 12,

Table 4.8 Max. press. measurement results of 6RD68 type diesel engine

| ‘ | Maximum pressure (Pmax-kg/cm?)
. Kind of s :
]'}‘;'e_ t“f l(":;}‘id | measuring No. of cylinder
£S5 o) [ inst. == : L =
| 1 I 2 3 ! 4 1| 5] 6 ‘ Mean
A | 38.2 38.3 37.3 48.8 38.0 37.6 38.0
10/31 2% | ¢ | 36.1 | 36.8 35.3 571 3.0 35.6 | 36.1
D 34.0 34.5 33.5 34.9 34,2 33.8 ‘ 34.1
| A | 47.9 | 48.8 47.2 48.8 48.5 47.9 48.2
10/31 50 (& 46.6 | 47.1 42.3 47.1 46.0 44.8 15.6
D 3.7 | 43.9 42.3 43.5 43.1 41.5 43.0
i A 57.5 58.2 55.8 58.2 55.5 57.9 57.2
10/31 75 C | 56.8 56.9 55.4 57.1 56.1 53.6 | 56.0
| D 50.6 51.1 49.9 51.4 50.9 48.9 50.5
A 68.7 70.2 66 .6 69.3 68.1 66.0 63.1
10/31 100 C 69.1 70.3 6.8 69.4 68.3 66.7 68.4
D 61.4 61.4 60.3 60.2 60.0 58.4 60.3
A 38.9 | 39.4 37.9 39.0 39.1 38.5 38.8
11/ 2 25 C | 3.3 | 37.0 35.7 37.0 6.6 36.0 36.4

! D [ 33.1 | 34.3 33.1 34.0 33.8 33.6 33.6

— 39—



Table 4-8 continued

_ . Maximum pressure
Kind of o
Date of Load ¥ ) .
measuring No. of cvlinder
peet (%) | inst. — — —
1 2 3 4 5
A 49.0 49.7 48.1 48.7 48.3
11/ 2 50 ¢ 47.0 47.7 45.7 47.0 46.1
D 42.4 43.3 41.8 43.3 42.6
A 59.1 60.0 58.0 59.5 56.3
11/ 2 75 & 56.4 58.6 55.8 58.6 53.1
D 50.7 51.5 50.5 53.9 50,2
A 69.6 70.6 68.7 68.6 60,4
11/ 2 100 C 8.3 70.5 67.4 68.5 | 68.9
D 60.5 61.8 60.0 60.5 60.6
A 39.2 38.9 37.7 38.2 30.4
& C 37.7 | 36.1 35.6 | 36.9 3.8
19 - D 37.1 35.9 35.5 37.2 36.6
E 40.0 38.3 38.4 40.3 39.3
A 19.5 49.1 7.6 | 49.8 50.1
- e 48.3 16,8 6.3 471 48.2
1/3 D 47.1 46.0 14.0 46.3 47.1
E 48.3 16.4 15.6 48.0 47.6
A 59.2 59.0 57.4 60).2 60.7
) . C 56.9 56.2 54.3 56.8 57.4
2 ' D 55.3 | 54.7 28 | 8.3 | 56.1
E 55.0 | 54.0 53.1 54.7 54.4
A 62.4 63.6 61.2 | 63.2 65.2
o - C 62.7 60.6 58.4 61.3 62.8
/9 2 D 61.2 | 59.2 57.8 60.2 61.8
E 59.1 | 58:3 56.2 58.0 59.2
A 71.6 | 71.5 69.1 70.2 72.9
; i c 70.2 69.8 67.1 67.5 70.2
1y D 67.2 66.9 64.9 65.3 67.0
E 69.7 69.9 67.6 69.5 68.3
A 74.4 73.8 72.1 73.7 74.8
. - C 73.4 72.8 70.1 71.7 74.3
/ ' D 70.2 9.4 67.5 69.0 70.7
E 70.7 69.73 67.5 69.4 70.8
A 78.1 78.3 74.1 77.0 78.9
e . C 77.1 76.6 72.2 74.6 77.2
/ ) D 74.1 73.5 70.4 73.3 75.5
E 1.7 77.6 73.1 74.9

78.3

6 Mean
47.8 48.6
46.2 46 6
42.8 2.7
56.7 58.:
B2 960
49.4 5l1.0
66,7 68.9
66,3 b8, 3
8.7 60,3
38.8 38.7
37.0 [ 36.
37.4 | 36.6
39.1 | 39.2
49,2 49_2
47.7 47.2
47.6 46.3
47 .6 47.2
59.3 59.3
56.7 | 56.4
55.3 54.9
03:5 54.1
63.6 63.2
60.8 [
60,1 60.0

* OR.6 8.2
71.3 71.1
67.5 68.7
65.5 66.1
67.5 68.7
723 73.5
71.8 72.3
63.7 69,2
67.9 69.3
77.6 77.3
75:1 75.5
76.7 | 73.9
76.2 76.3

( Prmax kgfc‘m’J




Table 4-9 Deviation of max. pressure for various indicator
ta=2.26 («=0.05, n=9)

L"’"f m}‘:;iir:;fg A ‘ C D i
|1nstrumem .
A 7.01 | % 8.30 | x
o5 G - 7.01 | X 0.60 O — 6.20 %
D — 8,30 | x - 0.60 O : — 3.2
I ‘ 6.20| x | 321 | X
A 594 x 9.89 x 520 | %
_ C — 594 | x 3.50 % —0.46 O
0 D — 9.89  x — 3,60 | x — 5iay | *
I — 520 x 0.46 | O 3.91 X
A 8.02 x 10.92 | x 16.27 | x
" C —8.02| % | 3.44 | x 6.66 X
D —10.92 O — 344 | x 0.30 | O
I =16.27| O — 666 x | —0.3 O
A 4.24 * .48 b 11,48 x
g5 G — 4.24 | x 2,16 | O 6.55 , X
D — 6.48 | x — 2.16| O 3.94| x
I —11.38| x — 6.55 % —3.94 | x
A 3.72 e 10.70 s 6.07 b4
160 el — 3.72 % 4.80 X 1.22| O
D —10.69 ps — 4.80 3 — 4.49 .4
I — 6.07 x -122| O | 4.50 | %
A 2.86| x | 1055 X 10.97 X
105 C — 2.86 % | 5.85 % 5.83 e
D —10.55 — 5.85 [ — 043 O
E ~10.97| x | —58| x |* 043| O
A 287 | X 5.66 X 1.89 | O
o C =@ 87| X | 3.00 x —10.65 | O
D — 5.6b e — 3.00 | x — 3.28 *
I — 1.89 | 'O 0.65 O 3.28 | b
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4 FOIFHEFHASEMMILIIZE, &2V v FORY—ZX5ELoE, 1 7 ABOLEWHFLZHIEL
TLHEEXOD L Z 22 b o7z, FHREROMR I X 2 EENEEOTFBEOZOMERSRY
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Fig. 4-5 Variation of max. press. in cylinder
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Fig. -1-9 Indlcalnr
1: Moving-anode type (K Co. make, water cooled)

2:  Resistance wire type (C Co. make, » )
3: " (D Co. make, " )
4: " (D Co. make, air cooled)
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Fig. 4-10 Response test of various indicator
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Table 4-10 Max, Press. for various lead pipe length
(9RD90 diesel engine £ 2 cyl)

Load
(%) L1
[ Pring Puin | Pmesn
50 43.2 149.6 11.6
75 | 54.2| 53.0| 53.7 |
85 | 57.5| 54.7 | 56.0 |
100 | 65.5 | 62.2| 63.5
110 69.6  67.1| 68.2
Table 4
Load
(9%) rpm L1
1 2
50 95.3 5.33 | Hh.46
75 107 .6 6.39  6.41
85 113.3 6.44 | 6.49
100 120 8.31 8.78
S 9,32 9.48
r
110 126.7 984 915

[ 4011(]

(%)

50

75

85

+11

P]'I'I ax

44 .3
55.0
60.8

66.5 |

68.4 |

Kind of leading pipe

La
Pmin I“‘u.l.-un Pmnx
41.8 43.3 45.2
52.3 54.0 83.5
57.6 | 58.5 | H8.7
64.8 | 65.6 | 660
67.0 67 68.8

(O9RDI0O diesel engine % 2eyl.)

3,22
.81

(=5}

o die

J96

.10
.41

(unit kg/em?)

Ls Ly
Pmin le'all Pllms Pmlrl 1—)rmmn
|

42.2 43.6 . 44.9 41.5 43.:5
5l1.6 D2.3 | 53.4 51.5 52.8
6.6 07,8 . 59,1 6.7 57.8
63.7 | 65.4| 66.1 | 63.2| 64.3
66.5 | 67.9 | 66.9 65.9 66,4

Pmi for various lead pipe length

Kind of pressure leading pipe

Lo
1 2 3 1
5.85 | 5.33 5.47 5.53
6.80  7.26 6.77 6.98
7.40 | 7.79 | 7.71 | 8.31]
9.72 1 9.96 | 9.33 9.28
9.18 | 9.41 | 9.26 10.45

6.27
7295
9.44

3.98

able 4:12 Deviation of max. pressure for various lead pipe length

ta=2.26, (n=0.05 n=9)

i_‘!‘.‘ﬂd 1'1
pipe
A '
B 4.37
C 5.18

| 1.45
A |
B 1.09 |
[ — 6,06
i ] —4.23
A
B 6.24 |
C 5.56 |
D 5.37

| A

| B 6.61
C 5.24
D | 1.9

X

O

La
—4 .37 P
0.83 O
0,49 | O
—1.09 )
—H.23 | X
—3 D2 x
—6.24 by
—1.96 @)
—1.90 O
—6.61 4
0.7 ‘ O
—3.79 ‘ X

— 45 —

.24

.70

N

Al
.49

0

0

Ly

25

.23
.96
.20

.59

A

(unut kg/em?)

4.88
6.60
3.48
9.16

9.19

O 0O x
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Table 4.13 Dynamnmelera used for the test

| No. of test
Kind of measuring instrument !—---——‘ —Se——— e

21 g2 | 23 24 25 26
Kyvowa type dynamometer | O | QO
Toshiba type dynamometer ‘ @) O
Kuno type dynamometer . I Q
Togino type dynamometer | O O @)
Strain gauge l O .
Hydraulic dynamometer O @) l

$2, 34, #6 ‘EBIZ 351 HME % Table 4-14, 4-15, 4:16 (2L, ASIBNG X D OREL &
HisERMEIc T, P52, Fig 4-12, 4:13, 4-14, 4-15 O X 5755, $2 LA TlxkEE)
Natioat LA RMB NGt oa ek LYY +12%~+6% oOf%EZw L, tmsalENEt
WO EESB OB WETARP L TuvW 5o FEH SIS, 22 L&tSBoR a2 Lix
L BB 5T,

$4 AR B T lEhE S IZIRES D D RIFFCEITF 2 2 LT ERVOTTH 16 B
TH24 Bizhr-5 5 AMORRCEREFTBOMMBRL 2T/ - TF — 4 &kdi, Z ZTikAT
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Test
engine

6RDY0
13000PS
119 rpm

Date of  Load

test

Sl
a8

| (%)

100

110

115

Table 4-14

Test results of

Brake horse (PSe)
power

various dynamometer

3% Each dynamometer—Hydraulic dynamometer

w

Each dynamometer—Hydraulic dynamo. ¢,
Rated output full load "

rpm
Rated Hydraulic | Togino type | Toshiba type ‘ Kyowa type
output dynamometer = dynamometer | dynamometer | dynamometer
. y %109 759 Yr- 9
75.4 3250 3241 3950 0.8 4000 5.8 295() 0.1
: . ” 168 : 1453 : 103
96.0 6500 6547 6715 1.3 8000 ¥l 22 6650 (0.8
45 760 = 660 e
0= B C
110.1 9750 9840 9885 0.4 10600 29 10500 3.1
. 31 721 e 311 .
3.0 [ € 9 T )
113.9 11050 11069 11100 0.2 11800 5.6 11400 2.6
= i . —27 1063 163 F
8.§ : 3 —=0.2 2
L18.9i| 14000 12837 12810 =22 | 13000 %2 | 1300 13
5 ; y —40' 4 5 950 ., . 0
120.0 13000 13000 12960 0.3 13950 753 13000 0
. . . 39 - —111
124.1 14300 14311 (4sp |03 Tabog 0-9
n : = 0 . —450 ., -
124.0 14950 15000 15040 0.3 14550 —3.5
date of test 5.36.5.4
tested engine 6RD 90style
13000 PS
120R.PM,
meter hydro-dynamometer
optical type —
magnelic type e e =
resistance wire type ——»——
) =
g 1500 ‘).\
£ 1000 a . P
7 o N’
—L—':'- 500 load { % /" I\\‘
f-_;;_ +?55— .,-'.’.’ =2 _\‘.t‘*-_,‘__ [
i oo 20:}(}25’.%__;(_350 80010000 12 — '“0”5
f = T 3 10000 12000 \5:1030
g - - TR
2 500 :
Fig. 4-12 Comparison between each torsion-meter &

hydro-dynamometer

(Test no. 2)
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Test
engine

7RD68
7700

135
rpm

Table 4-15

Brake horse (PSe)

#% Each dynamometer—Hydraulic dynamometer

D | | P b i g
= ﬂ Rated Hydraulic! Togino type I_'I'oshiba type | Kyvowa tvpe (Strain g )
output dynamo. | _dynamomeler dymmnmete_r dynamometer | Bauge
25| 8.2 1925 1930 . R 0.8 (gjgég? 16
| | 65| 116.6 5005 4988 ‘ Sl (5323? 1.1
? qlﬁh 75| 122.6 | 5775 @ 575 J ooy 5 ;[;{%‘)’_;(-}_'m e
85 | 127.7 | _6545 _6529 i Ak 79 (_71333; 7.7 |
| _ N i S S
| 00| 133.8) 700 | 7632 | a0 j0l0 (33(63? 8.7 ; _
: | 65| 1167 5005 | 4980 o B R %5 |
l? Ts 85| 127.0 | 6515 | 6500 | 520 8.1 omg 0.9
100 | 134.0 770(_.} .__7‘(540 T B T{.‘fég 3.8
o | 05| 1164 505 | 4970 s Wz -: - '-]é% —Ts_ -
1" | 85| 127.5| es45 | 6520 by A i o0 ~3.9
25 | 84.8 :_1925 1920 | 02 0.6 : 1932_ eal
f: ":’l 65| 117.2| 5005 | 5014 sg O 16 —1:2 ; -
75 123.5i 5775 | 5798 | sgro 0.9 | P 1.9|
| 65!| 118.7 | 5005 | 5078 | 232 39 | 2 Me.p
:’;’4 g' 128.3 | 6545 Eo_ 6&3 1.7'_ i B 1.—5
[ ' 330 120 :
100 1350 7700 | 7700 | gy 4.9 s 16




Test
engine

6RD6S |

6300PS
135 rpm

Date of Load ;
test | (%)

S. 36.

5..36. |
11. 9

Table 4-16

Brake horse (PSe)

% Each dynamometer—Hydraulic
Each dynamometer—Hydraulic dynamo.

dynamometer

— 49 —

WEr i etk At 0,
g | = Rated output full load R
Rated Hydraulic Togino type Kuno type I Kyowa type
output dynamometer  dynamometer = dynamometer | dynamometer
S ; 10 v, o | %7 ¥r
83.9 1575 1573 1583 0.2 ! 1580 0.1
LI | | P E———— e
104.9 | 3150 3147 5 03| 3 0.1
’ 3200 4 ‘ 3150 =
= , 47 .| —71
120.9 4725 4721 4868 2.3 ! 1650 —1.1
- : 216 . 4| —95
132.9 | 6H:300 6295 6510 3.4 | 6200 1.5
N | R N -~ —
[ r~e I %"’69 —14 “
85.0 1575 1504 ‘ (1525) —1.1 1580 —0.2
. ai —59 —20 .,
104.0 3150 3120 (3061) —0.9 3100 —0.3
S — . |.._
121.5 | 4725 4745 ( 47471)* 0
o [
133.0 6300 6300 © 4{1)2‘;’ 1.4
— - i i S __._I
7 | = —87 | "—20 ¥
83.1 ' 1575 1558 (1471) —1.4 | (1538) —0.3
’ : —89 | 35 5
105.1 3150 3153 (3064) —1.4 (3121) —0.5
N 0 _?4 o 12 3
120.3 4725 4698 (4624) 152 | (4710) 0.2
2] [le d [~ y "68 == | 41 e
126.2 | 5355 5364 5298) —11| (5405) ©-7
133.7 | 6300 6333 st 04 67 1.1
(6326) (6400) '
Qs =0y —74 2 —26
135.5 6600 6624 (6550) ~ 1.2 (6598) —0.4
135.0 | 660 6 —102 _, ¢
5 600 B0 (6498) 1.6
. ; a | —63 . —325 =
139.4 2 B B g
39 7260 7280 (7115) 2.6 (6955) 5.2



date of test

tested engine

5,36.7.16,18,19,21,24

TRD68
7700PS, 135R.P.M.

meter hydro-dynamometer
optical type dynamometer —_—
magnetic type dynamometer -—-
resistance wire type dynamomeler ——=X———
measuring of strain on shaft surface— ———
/ —o
600
= S. 36.7.16 measured
L
300 ‘
12_2?'_7/ _
ks 0 ﬂ/ | r =
S 2000 4000 6000 8000
& S.H.P.(PS)
= 7/18
= 600 |-
i 5.36.7. %g } measured
= 7/19
2 5 30p —
zZ o +29 _ = X, =
j;: 0 I | L J
2 2000 4000 6000 N, 8000
a - _ _ x: - _ \\
i -2 L \
é 2 S.H.P.(PS) S 7/19 ‘x7/18
- 600 —
7/24
B 300 —+2% S.36.7. Zi} p—
g 25 7721 ™ 55 ""‘75 {;?,’24
0 «—o 185 100,
2000 "“'"4000_.__,,'__'6000 8000
2% " sHp.(ps) /2
=300
Fig. 4-13 Comparison between each torsion-meter &

hydro-dynamometer
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date of test S.36.10.31,1L.2,9

tested enging 6RDA8  6300PS,133IRPM.
meter hydro dynamometer
optical type e
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Table 2-1

(1) Air press.
(ball screw type)

electric, On off

starting air of main
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(2) Air press.
(direct type)

electric, On-off

starting air of
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Motor drive
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Table 2.2 Particulars of servo motor

Torque 2.0/1.7 | kg-cm
Max. output 15 W
No load revolution 2750/3300 rpim
Exciting voltage AC 100/110 Vv
Controll voltage AC 100/110 v
Frequency 50/60 cps
No. of poles 2 |

Gear ratio 60 : 1

Condenser | 12 jas
Weight 3.4 kg

Size 8 x Y6 % 206 min
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Table 3:1 List of experimental ships

Dona Viviana

gross 10, 683

Dec. 20 & 22, 1962
Osaka Bay

Off. Awaji

6RID68, Sulzer

6 cylinder

6, 600 PSe

135 rpm

Foreign ship

— 66
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gross 12, 140
Jan. 23~31, 1963
Kobe—Kvushu—Kaobe
Kobe—Shimizu—Yokohama
9RD76, Sulzer

9 evlinder

12,000 PSe

111 rpm
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XA W TR L 72,
1) 5 E & #
EMER TIERFCIEERF IOV TRAR L EHRO 2 2% w7
ABES R WRIES e & LW B EB 2t By, Zh ooz it LIS RE21T
T tht, WKEN AR DOMIE L O TR TH D, ey — FERAAmRE Lzl Yhcedh s
Z L&D, PFADIRIEIRIFIZT b T oo L 2FE2 L 7=,
(2) Ezbyﬂ@@Mﬂ
EA b VEBERHGHIEE O b AdiCER S, &2 v £ O LTS L EERIEETO LTSI
BIIPHEINTWEDT, YV v AT LOURZIGURAPLEL v R [ » F 2B TOHRT,
B O KNEFFER DB I (T bh, FOEMIIER I CBEFTH 7.
72, MG RUEEEHSEROMT 7S L RALRERED LN 12,
@ #& F &
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HOERTEnE L7 HESR oMM, ©R b vEERHGT oz, HIEF O S X UUIBYE(E
T 572, TRHOBBIRFIIIEHEERBEEZEH LTz, BRIZZEAEYBL LR
<o ZORBENSIEW M CH ) IS RIZREFCH -7,

() Pmi A—%

Pmi A — 2 LB 5K H7 50 BRI HWT, BiES XOREtkic 2w THoit 2 ht
B, FRIOERESRIZHT 2REEITIT LA LR GEEEFMOMHIZH VT, o
M EbHTRIFTCH -7, Pmi 35 X0 Pmax ORIEMS < 10 28HEGHL kb X 1<
HEHEL TV,

(5) {7 JE Gt

ABSE LR DR & OIFIEGFOMAEIZ X » TR E SIS,

fit > THRIEGTOMRIETIE, R, LEths XUMAW R >n ool 2 %1 %, bhbh
LR REEEOIERHZ DWW T, £OWRERERA T2y, RSO O S HORIHE
it MPE RZ2ffiff U7z,

FEMEGRS RO X 2 FNOBINLEEA L <, WEYE S XUt

Table 3-2  Test results

(Ship No. 935, DONA VIVIANA) (unit  kg/em?)
Test . N Cylinder no.
aee ool 1 2 3 4 5 6 Mean
1| e | mmel B 88| 58 | sa0 | sat [ 5as | na | s [, g
2| (ool om0 | 00 [ 58 | 48 Mol | 11 | i,
o | o | s gl | 7o |0 | (o | 2ag |t [,
BRI AEIEIEIEIEIEIEIEE
s Nor | s s:za}?:g;'zzzﬁ o 2R (6848w
o | wor | el Bl 28 78 2o |2 | 20 | 10| 28 | o o
| o | wos{ El 2 208 [ 28 [0 (22 0 2 o &
o [men| s B 29 |28 |00 38|12 |18 — Down
o e p 181818 18 18 18 13w
M EE IR I IR IR IR
e wer | ma f3 3808 I8 R 0T 0E ewca

P: measured by Pmi meter - M: measured by Maihak indicator
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Test
no.

13
14
15
16
17
18
19

N

21
22
23
24
25

26

Indicated mean effective pressure Max. pressure (kg/em?)

i . Pmi meter ! Maihak I:H.P.
2l 22 i - = (ps)

ooyl eyl. feen 21 2 | oa ‘ 82

' cyl. eyl ‘ cyl. eyl
103 5.32 =3 5.32 = =~ |l = i — 7700
103 5.72 5.73 5.73 = | o= ||| = | = 8300
105 5.99 6.25 6.12 - | — — — 9030
105 6.03 6.14 6.00 54 | 53 — — ‘ 8980
104 6.01 6.28 6.15 54 53 9000
105 6.05 .05 6.05 54 53 | 8920
103 5.78 6.14 5.96 53 51 | 8620
100 | 5.75 6.28 6.02 54 53 | | | 8450
103 | 5.77 | 5.97 5.87 53 53 | | 8500
103 | 5.74 | 5.95 5.85 52 52 | | 8470
70 2.8 | 26 2.7 38 35 | I | 2500
70 2.46 2.6 2,53 36 | 35 2490
7% | 2.7 2.9 2.8 1R 35 | 2950
90 4.27 4.03 4.15 3 41 | 5250
70 | 2.5 2.46 2.48 96 34 2440
75 | 2.8 2.74 2.77 43 35 2920
87 3.82 3.4 3.61 30 , 36 4410
95 4.08 1.0 4.04 2o 40 L4450
105 4.02 1.88 4,90 15 | 42 | I 7230
99 4.31 4.35 4.33 2 0 6030
105 5.06 1.91 4.99 % 44 7360
106 4.85 5.03 4.99 5 | 43 7430
104 4.7 1.95 4.83 4 | 43 7050
103 4.85 1.81 4.83 1B | 42 - | = 6990
92 3.9 4.1 4.0 41 40 40 | 32 5170
105 5.37 — 5.37 47 | = — —_ 7930
106 5.64 5.55 5.60 48 146 48 46 8340
106 5.62 5.66 5.64 19 47 19 ' A7 8400
107 5.48 5.82 5.65 v | a1 | 48 a7 | 8500
109 5.40 5.58 5.49 4R ‘ 8 48 7 | 8410
109 5.71 5.48 5.60 51 ‘ 51 50 49 8530
109 | 5.68 5.59 5.64 51 19 50 47 8640
9% | 4.13 4.2 4.17 42 41 = 40 5270
106 — 5.54 5.54 - 47 — | 46 8250
107 — 5.76 5.76 = 48 = 47 8660
106 — | 5.67 5.67 — 47 = 47 8450
110 — | 6.00 6.00 = 49 = a7 9270
109 = ‘ 5.56 5.56 — 19 — | 48 8520
109 — 5.70 5.70 — 18 — | 47 8720
109 - ‘ 5.75 5.75 — 49 = | 48 | 8820
- 5.75 575 % — 19 S 48 8820

109

Table 3:3 Pmi test results on Houston-Maru
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3-2 3 XU 33 LA LA, 30 O O
F o i R AR A T 350 T e Y f 6- i—Jr--r---— — -ﬂpf"'-_m?d d g
VA D Pmi AE L~ {0 2 JEIEGFE Do ; ;* T A HEEEE
20 1= PISE AL & Wit L7z SANERZERRERRER
s Mize Ao 2 fiER 2, P P Sl | L] B T
A= 2 OPEMZ 7T 50, WHEICI A Y v i “T—_+ 4 |
# DIEN LM 3 X OBERIN R £z X 5 T T e 1 12

DD Do T~ A o5y 7 RIETTOMsEEN bl il

E1Y A4 7 A DQIENIHIFE VR L7240 Tdh
Hifzih, COMEMZIZ- 7 v $2°%<, 2hizidd 4 Pmi A — 2 OBlEEIZERE L= %200
JENER O F¥MCd D, M fio 7 v SRl nwt b2 bhd,

LIchio TR 2O E M T 5 2 224Dz H 555 S SolE oM BGRe
kv & Fig, 3.3 o2 L <&, 2 oliaEUIITEL 205 L1,
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Fig. 2.3 Pmi meter-Maihak indicator
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Fig. 4-1 Block diagram of bolt strain Fig. 4.2 Wave of pressure in cylinder and each bolt strain a
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Fig. 4:3 Wave ol pressure in cylinder and valve box bolt
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Fig. 4:4 Pressure in cylinder (Ppax) and strain of Fig. 4.5 Wave of pressure in cylinder and strain
each bolt (&max) on valve box bolt when exploding in the No. 1
cylinder
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