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Experiments on the Remote Control and Automatic
Control Equipments on Motor Ships

(Report No. 2)

Introduction

In March 1959, the Minister of Transportation inquired how to solve the technical
problems regarding the automation of the vessel.

The Shipbuilding Technics Council accordingly organized three divisions in it. The
divisions are Hull, Motor Ship Machinery, and Turbine Ship Machinery Divisions. They
submitted a report to the Minister in February, 1960, after several meetings.

This report presented many technical problems for the automation of the vessel
among them, the research on the automation of engine room equipment on the motor
ship was selected as a promising research theme, and the 53rd Research Committee of
the Shipbuilding Research Association of Japan was called up to perform this research.

The Committee studied the automatic control equipments for transferring and
purifying fuel oil and lubricating oil in the motor ship during the first research year of
1960. The Report No. 34 was already issued to report the experimental results.

As the themes of the second research year of 1961, the several experimental investi_
gation Mitsubishi Nippon Heavy-Industries, Ltd., Kawasaki Dockyard Co., Ltd., Mitsubishi
Heavy-Industries, Reorganized, Ltd., Mitsui Shipbuilding & Engineering Co., Ltd., were
respectively in charge of the each experiments, and the 53rd Research Committee
discussed the plans of experiments prepared by the above-mentioned firms.

Themes of the second research year are as follows.

Chapter 1. Settling and purifying system of fuel oil (Mitsubishi Nippon Heavy-Industries
Ltd.)

The fuel oil settling and purifying system in motor ships has been one of the most
important systems especially when inferior fuel oil is used for main propulsion engine.
Recently, endeavor has been made to continuously operate the main engine as long as
possible without overhauling so that the overhauling work can be done by specialized
workers on shore, and not by the ship’s crews onboard, when the ship enters a pre-
arranged port. In order to prolong intervals between overhall required for the main
engine, various measures such as chromium coating of cylinder liners, application of
cylinder oil of high alkalinity, improvement of piston rings, etc. have been undertaken.
In addition, effective method for treatment of fuel oil on-board before being supplied to
the main engine should also be considered as one of the significant measures.



The fuel oil system in motor ships, however, had been as 1t was more than ten
years ago, and no significant improvement has been made since centrifugal separators
were introduced for purification of heavy fuel oil used for the main engine.

The circumstance has been greatly changed for these ten years, and nowadays, it
has become desirable to reduce number of ship’s crews and to improve operational
economy by all means. In this circumstances, it is evident that it becomes more signifi-
cant than ever to review and investigate the fuel oil system including settling tanks,
service tanks, centrifugal separators, control equipment, etc. on-board and to establish
the most economical and effective plant for the treatmant of heavy fuel oil.

The experimental research was made to find out a simple and effective fuel oil
treatment plant among various combination of settling and centrifugal purification of
heavy fuel oil by comparing the separation performances.

The conventional settling tanks, service tanks and centrifugal separators used for
the fuel oil system in motor ships have their own purposes and performances. However
it is considered that the performance of each equipment exerts an influence on the other,
and therefore each combination of the equipment gives different perfomance.

In order to make relative evaluation of various combination of the equipment, ex-
periments on separation performance were made for the following combinations:

(1) centrifugal separation only

(2) settling-centrifugal separation

(3) centrifugal separation-settling

(4) settling-centrifugal separation-settling

(5) settling-centrifugal separation-centrifugal separation

(6) settling-centrifugal separation-settling-centrifugal separation

(7) settling-centrifugal separation-settling-centrifugal separation

About two precent of water was added to heavy fuel oil for each test, the separation
performance was evaluated by means of physical analysis of fuel oil sampled at each
stage of treatment. Effects of the treatment on combustion in engine cylinder were also
investigated for reference by burning the treated fuel oil in a four stroke cycle diesel
engine for electric generator. Conditions of impurities contained in the fuel oil samples
were also investigated by microscope.

In advance of the above-mentioned experiments with various combination of settling
and centrifugal separation, experiments on the separation performance in settling tank
were carries out.

In order to find out the effects of settling temperature, design of convection inside
tank, settling time and rolling movement of tank to the separation performance, (1) tem-
peratures of 45°C, 50°C, 60°C, 70°C, 75°C, were selected as the keeping temperature of
oil in the tank; (2) rapid and slow heating gradients were adopted as shown in Fig. 1-6;
(3) settling perfomance was tested over 3 hours, 6 hours and 9 hours; (4) three kinds of
internal construction of the settling tank were adopted as shown in Fig. 1-8 and tested
in both stationary condition and rolling condition with the tank rolling by 30 degrees to
both starboard and port sides with period of 13 sec., 18 sec. and 24 sec.



The evalution of the performance of these kinds of test was made by means of
physical analysis of fuel oil. The fuel oil was initially added with water and graphite
as impurities.

In addition to the experiments mentioned-above, a vibration recorder of pick-up type
was tested for confirmation of its ability as a warning for abnormal vibration of the fuel
oil sepearator which will be operated without any engineer or crew atteded. Further, one
level indicator of electrostatic capacity type was exprimentally used to confirm its
adaptability as sludge meter to indicate the amount of sludge and water settled in the
bottom of the settling tank.

The experimental test plant is shown in Fig. 1-1, 1-2, 1.7, 1.8 and 1-10. The parti-
culars of each equipment of the plant are shown in Table 1-1.

Chapter 2. Automatic Control Equipments for Controlling Fresh Cooling Water Tem-
perature (Kawasaki Dockyard Co., Ltd.)

Generally in large size marine diesel engines, the controlling ranges of the cooling
water temperature and pressure are somewhat different for the pistons and for the
cylinders. Each cooling water is controlled to the set temperature by mixture of the
cooled water from the cooler and the bypassed water. Conventionally, this operation has
been carried out by hand operation, opening and closing for the valves in accordance
with thermometer indications, but it has given considerable works to the crew for ex.
ecution of compensation on account of change in the sea water temperature and in the
engine load. The purpose of this research is to make it possible to execute this opera-
tion automatically by the automatic controlling valves by means of the temperature
detecting apparatus.

In this Research a questionable factor was whether we could obtain reliable and
dependable apparatus for the automatic control or not. In this respect, NAKAKITA
SEISAKUSHO CO., LTD. had already carried out the investigation in 1960 by the trust
of the ministry of transportation. Therefore, we used apparatus made on the basis of
investigations, carried out by NAKAKITA SEISAKUSHO CO., LTD. such as the temperature
detecting apparatus, the temperature recording and controlling apparatus, and three
directions diaphragm control valve, etc. Then, in 1961 we carried out following various
investigation on our engine, Kawasaki MAN K92z 84/160 (16,000 PS, 115 r.p.m.) both
during the shop trial and during the sea trial, and made study in performance and
reliability together with checking of questionable points.

There are two cases in the temperature control of the engine coolling water, one to
maintain the engine outlet cooling water temperature at the set value, the other to
maintain the engine inlet cooling water temperature at the set value.

In the former case, since the engine outlet cooling water temperature is kept in
vicinity of its allowable maxinum value, the engine inlet cooling water temperature
increases at low load because the temperature difference between the outlet and inlet
decreases. This is quite effective to prevent sulphuric acid corrosion in the engine parts.
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On the other hand, in this case, a engine cooling water space of considerably large
volume is placed between the automatic valve, and the temperature detecting apparatus
so it takes sometime until the cooling water flows from the automatic valve to the
temperature detecting apparatus. This causes undesirable influence to stability of the
control apparatus, and results in temperature rise over its allowable point at the outlet,
at the time of load variation, if the controlling is not made correctly.

In the latter case, as the outlet temperature is low at low load, and is undesirable
for preventing corrosion, but since the distance between the detector and the automatic
valve is shorter, there is little dead time, good for the stability of the apparatus. How-
ever, it requires some time until the influence of the outlet cooling water temperature
due to the load fluctuation, shows effect on the detector. But, if the flow is of sufficient
quantity to put the outlet cooling water temperature at the set temperature difference,
there is no fear that the outlet temperature exceeds the maximum allowable value,
even at the time of sudden increase in load.

Our experiment this time, was carried out, mostly in accordance with the former
case in order to check thest ability of apparatus, but experiment in the later case was
also carried out for short period during the sea trial.

Kinds of Tests

a) Tests on ship trials

1) The test when the engine is in equilibrium with each load (Engine outlet tem-
perature control)
2) The test when the engine load is in process of gradual increase or decrease
(Engine outlet temperature control)
3) Responsing test in the control system when the set temperature is changed
(Engineoutlet temperature control)
b) Tests on sea trials
1) The test when the engine load is in process of gradual increase or decrease
(Engine outlet temperature control)
2) The test when the inlet temperature is controlled.
c¢) Measurements during actual voyage (Engine outlet temperature control)
1) Reliability and practicability of the controlling apparatus during voyage.
2) Equilibrium value of the control system in accordance with the temperature

variation of the sea water.

Chapter 3. Remote measuring equipments for indicated mean pressure and brake horse
power of Diesel engine (Mitsubishi Heavy-Industries, Reorganized, Ltd.)

It has long been wanted to develop the remote measuring instruments which indicate
the running conditions of a engine, for the purpose of automation of marine diesel
engines. Maihak indicator has to this date been used mainly for measuring combustion
diagram and indicated mean effective pressure in cylinders. The indicator, however,
is poor in sensibility of replying to high-order frequency and in mearusing accuracy on
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and in account of mechanical function of pressure taking device. Moreover the indicator
is not adequate for practical use because it calls for toilsome work in calculating horse
power handling. Of late we have a wire-resistance type indicator in the market, but
we are afraid that this is poor in reliability regarding electrical stability for long term
use in spite of its high natural frequency and probability of remote indication. Further,
we have made an experiment on a mechanical electrode tranducer type indicator develop
ed by Kyoritsu Denpa K. K. rencently, for the purpose of observing pressure waves in
cylinders.

So far there has been no adequate measuring instruments which directly indicate
mean effective pressure in cylinders, and so such indicator has been desired by users.
We, therefore, have started the study for getting such an instrument. Now we are in
a position to release the result of our study on the indicator which we have completed
experimentally. Brief explanation of our indicator is given below. The system of the
indicator is to change piston velocity x and pressure P in a cylinder into the amount of
electricity, draw Px curves by multipling these electrical amount, and then indicate
mean effective pressure directly by means of filtering outputs. Therefore, this inducator
is effective for measuring and supervising engines.

Furthermore, we planned practial use of horsepower-meters for direct indication and
recording, in addition to the torsion meters of an optical type (Togino type) and an
electro-magnetic type (Kuno type) capable of remote-indication of brake horse power, and
we tested measuring accuracy of a magnetic integrating type horse-power-meter and a
strain gauge type horse power recorder developed by Toshiba Electric Co., Ltd. and
Kyowa Dengyo K. K. respectively.

Chapter 4. Detecting and Alarming Equipments for Overheat in the Crankcase of Diesel
Engine (Mitsui Shipbuilding & Engineering Co., Ltd.)

In order to prevent from crankcase explosion and other troubles caused by overheat-
ed parts and bloe-by in trunk piston type engine, oil mist detector was taken up as an
apparatus for detection of oil mist in the crank case. The oil mist detector was the
Graviner hinge sensitivity detector and its principle was as follows.

Oil mist in the crankcase was drawn continously through pipes by a motor driven
fan incorporated in the detector. A sample of oil mist from each compartment of crank-
case was led to the measuring tube and the density in this tube was compared with the
density in the reference tube, which received the average oil mist sample from all the
other compartments of crankcase. The two photo-cells were used for its comparison and
the detector gave a warning signal, if the difference of the density was large.

Furthermore, the detector was able to recerve the air from the atmosphere in the
measuring tube and gave also a warning signal from the heavy density of oil mist in
the crankcase.

For the experiment of practical use, oil mist detector was attached to the Diesel

engine of two cycle trunk piston type, and each suction was conneted to the oil door of



each cylinder compartment as shown in Fig. 4-2.

In addition to this, as one of the experiments, each pipe was let to the several posi-
tion in th crankcase and the difference of the density of oil mist was checked at each
position as shown in Fig. 4-18.

On the other hand, the detector was investigated with the test rig, which was
consist of two tanks. One of them was a tank with a motor driven stirrer for generator
of oil mist and the another was a tank for burning oil mist by glow plug. Their ar-

rangement were indicated in Fig. 4-4.

Chapter 5. Detecting and Alarming Equipments for the Exhaust Gas Temperature and
the Bearing Metal Temperature of Diesel Engine (Mitsubishi Shipbuilding &
Engineering Co., Ltd.)

The experiments includes two different problems as followings

1. To develop the method to detect the exhaust gas temperature and alarming by

using it.

2. To develop the detection and alarming method for the bearing metal temperature.

Some fundamental studies were made in the factory’s laboratory and using the ex-
perimental test engine designated as Mitsubishi 3 UEV 30/40 2 cycle Diesel engine with
super charge was employed, the above detection and alarming equipments were installed
in the graphic pannel board in the control room which is perfectly isolated from the
engine.

1. As far as the detection and alarming exhaust gas temperature is concerned. In
most practical engines, ordinary industrial instruments are used for the measurement of
the exhaust gas temperature, however, indicated values with these instruments were not
always clear.

Thermo-couples electrical resistance thermometer as measuring devices heat capacity
and the millivoltmeter or other indicater do not have the sufficient frequency response to
indicate accurate temperature variances. Therefore, we compared the values measured
by the ordinary industrial instrument with the temperature measured by using corrected
method. That is a very small cross wire type thermocouple, D. C. amplifier and an ele-
ctromagnetic oscillograph. As practical equipment for the detection and alarming of the
exhaust gas temperature, we used the industrial instruments, that is, Hoskin’s Chromel-
Alumel thermocouples of 1.6 mm¢, an electronic tube ant-balancing recoder and electrical
relay alarmer.

2. On the research of the detection and alarming method of the bearing metal
temperature. To prevent the seizure of the bearing metal, bearing metal temperature is
watched, however, it is sometimes so necessary to measure both the temperature and the
temperature gradient against time to watch the engine operation. We made an electrical
differentiator to indicate temperature graduent against time by uSing analog computer.

It was known that the position for the pick ups is very critical for the view points
of sensitivity and maintenance, so we made some fundamental tests to know the
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responsibility of the mearuring device of temperature.
In practice equipments for the detection and alarming the bearing metal condition,
we used the ordinary industrial instruments, that is, Hoskin’s Chromel-Alumel thermo-

couples of 0.3 mmg, an electronic tube autobalancing recroder and electrical relay alarmer.

Conclusion

Chapter 1. Settling and purifying system of fuel oil

1. Performance of settling tanks

The results of the experiments on the separation performance are given in Tables
1:3 and 1-4. Temperature distribution in the tanks as observed in the experiments are
shown in Fig. 1-11, 1-12, and 1-13.

From these results, the following conclusions are drawn:

(1) Fuel oil in the tank at various level above the heating coil has only a little tem-

perature difference when oil is being heated, and temperature becomes very uniform

when a steady condition is reached.

(2) Fuel oil in the tank below the heating coil is not heated except in a very close

vicinity.

(3) There is no noticeable temperature difference in the same oil level.

(1) The feeling element of the automatically controlled heater in the tank should be

located above the heating coil as close to the coil as possible, so that the good tem-

perature control performance can be obtained.

(5) In case the tank is subjected to the ship’s rolling, fuel oil below heating coil is

also heated and the temperature distribution of fuel oil in the tank becomes uniform

in case the rolling period is 13 sec.

(6) Fuel oil in the tank with flush bottom has quicker temperature rise than in the

tank with tapered bottom when heated at rolling condition.

(7) The effect of baffle plate, which is installed lest the separated and deposited

impurities should come upward when ship is rolling, is doubtful.
2. Performance of the whole plant

Tables 1:7 and 1:9 show the result of experiment with seven kinds of combination
of settling tanks and purifires of Sharples Gravitrol DH 1000 type and Table 1-8 shows
the observed conditions of burning fuel oil treated in several ways in the generator
engine. Table 1-10 and Fig. 1-17 show the separation rate of water in each stage of
separation treatement. It ts observed from these results that the strict evaluation for seven
kinds of comfination is rather difficult because of the limited accuracy of experiments of
this kind.

From the results of repeated experiments, average water separation rates can be
ohtained for each stage of settling and centrifugal separation as shown in Fig. 1-18 and
Table 1-11, and are believed to be reliable to evalute the effect of fuel oil treatment.
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is expected to be higher than the existing Mainhak inducater and can fully be reled

upon. But there still remains some room for improvement in computing circuit and

indicating circuit of Pmi value. Remote switching on the indicator valve and piston
velocity detector must be considered in order to obtain more accuracy in remotce
measuring.

(4) Shrinking of the snap ring and dirt prevention of the slip ring of the torsion

meter must be considered for improvement of measuring accuracy on the shaft horsc

power meter, and durability of them must also be considered for practical use. Indi

cation errer of the recorder was noted for the reason that torque fluctuation of a

propeller shaft was about 25 9%, in the test operation of engines, and so the ciscuit ol

self-balancing recorder must also be improved.

As is written above, several points, which we believe, are to be considered for fur-
ther accuracy of the indicator, has been made clear from the test results of various
indicators conducted with the actual engines. Now we are planning to go on the study
for further improvement in order to obtain the more reliable and more accurate inducator
for automation of diesel engines.

Chapter 4. Detecting and alarming equipments for overheat in the crankcase of Diesel

engine

It was confirmed that the oil mist detector worked satisfactorily and was effective
for the detection of oil mist in the crankcase. Accordingly, the oil mist detector was
useful as an apparatus for safety device.

For the first way of the experiment for practical use, the detector was equipped with
the engine of 628VBF-50 type. The same test was carried out for three engines of the
same type at the condition of constant revolation.

For the three engines, the density of oil mist were slightly different at the same
load as shown in Fig. 4-23.

At the next, the revolution of engine was changed after propeller law corresponding
to each load and the test was carried out. Its results was shown in Fig.4-24 and it was
understood that the revolution of engine affected to the density of oil mist.

For the engine of 642VBF-75 type, the test was carried out for two engines at the
revolution altered after propeller law and the result was shown in Fig. 4.25.

During these test, difference could not be indicated in the delector for the density of
oil mist at each compartment and position in the crankcase.

On the other hand, the detector was equipped with the test rig and the oil tempara-
ture was heated up and the density of oil mist was measured with the detector, while
the oil was stirred up by a motor driven stirrer. As shown in Fig. 4-27, the revolution
of stirrer affected to the density of oil mist, specially under low oil temperature.

The conclusions obtained through the experiment of the detector are as follows:

(1) Density of oil mist in the crankcase was about 0.04~0.08 mg/l at the full load

on the middle size engine of two cycle trunk piston type.




(2) Oil mist incrased corresponding to revolution and load of the engine as shown in
Figs. 4-23 & 4-25.

(3) On the normal running, the difference of the density of oil mist between each
cylinder compartment or each position in the crankcase was not indicated by the oil
mist detector. Accordingly, distribution of oil mist was almost homogeneous.

(4) Density of oil mist was affected by the temperature of lubricating oil and engine
parts in the crankcase. As shown in Fig. 4:27, the density of oil mist in the engine
was greater than the density occured in the test tank at the same temperature of oil.
[t seemed that the Reated parts in the crankcase effected to generate oil mist.

(5) Even if the density of oil mist increased to the limit value and the detector
gave warning signal, it was quite safe for burning and explosion of oil mist in the
crankcase under existence of small overheated spot.

Regarding below by, a flame from burner was blown in oil mist of the tank at the

same density as the above. Safety for burning was also confirmed by this.

Chapter 5. Detecting and alarming equipments for the exhaust gas temperature and the

bearing metal temperature of Diesel engine

Detection and alarm of the exhaust gas temperature,

(1) The indication of the ordinary industrial instruments such as thermocouples and
an electronic autobalancing recorder coincides with timely mean values of the real
varying exhaust gas temperature, so the measurement using the ordinary instruments
1s not meaningless.

(2) For the detection and alarm of the exhaust gas temperature, thermocouple, el-
ectronic tube auto-balancing recerder electric relay alarm, and above mentioned
instruments were used satisfactory.

(3) Further were, we are investigating the experimental co-relations between the
exhaust gas temperature and the temperature of exhaust gas turbine disc and blades.
Detection and alarm of the bearing metal temperature.

(1) The most suitable position for the thermocouples installation in the bearing metal
was decided from the view points of sensitivity and maintenance of the engine.

(2) To perform the perfect protection from the seizure of the bearing metal, it is
very often necessary to measure the temperature and temperature gradient against
time, so we made a temperature differentiator using the operational amplifier. This
instrument will be useful for the watching of the engine.

(3) For the detection and alarm of the bearing metal temperature, we adopted the
thermocouples, electronic tube auto-balancing recorder and electric relay alarm.
These instruments act satisfactorilly.
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Table 1-1

Equi lprnen ts Type

F 0 transfer pump

[~ ‘electric mo-
Gear type(tor driven

Do. Do.  (do.)
- Do. Do.  (do.)
. === o0l P air motor
Mixture mlxmg pump Gear type{\drwen j

~ | Sharples gravitrol

F.O. punﬁer . type DH-1000
F.O. heater for purifier Electrie
F.O. heatear for settling Do.
tank S )
Heater for recycle water Do.

F.O. strage tank
Do

Do.
F.O. settling tank
F.O. head tank

F.O. sampling tank
F.O. purified oil tank
Mixture tank

Pyrometer | Electronic

Sludge indicator

Vibration indicator |

S _
Rolling device for f.ett]mg'
tank

Diesel engine

' Yokohama -
M.A.N, G10V*/g

TIRALZZK, 77771 b 04k

ERREERNA Fig. 11 (2,
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Prmclpal Equipments of Test Plant

Principal Particulars Quantity

30mihx25m 1

S5mihx25m 2

1.5m#hx25m 1

- 1

2500 {/h 1

50 kW 1

2.5 kW x6 8

5 kW 1

20 m? 1

10 m# 2

1.5 m? 1

1.5 m? 3

1.5m? 2

500 1 1

250 1 1

601 1

0~100°C Auto. recording |
(12 points)

1

Meaasuring range 1

10~100 p B

Rolling angel 60° 1

Rolling period 7~2535
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Table 1.2 Characteristics of Heavy Fuel Oil
(According to the Records from the Fuel Oil Supplier)

ltem | Chemical Analysis
Specific Gravity  15/4°C 0.9500
Flash Point %0 96
Viscosity cst l 104.5
Pour Point 2 & | —B
Sulphur Content  wt. 9, 3.37
Carbon Residue wt. % 7.63

Ash Content wt. % | 0.01
Water Content vol. 9%, ‘
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Table 1-3 Results of the Settling Performance Tests (Static Condition)

iKinds Condition of Settling

of Type  Settl. Settl.

Heating Heater

Test 'l'::lflk lf.né]; * Method  Location I gﬁ"; "
S 1 A 60 F Low [¢]
5 2 A 60 F ” 6
5 3 A 60 F o 3
S 4 A 50 I ” 6
S 9 A 50 S " "
56 A 60 F " p
S T A 60 S ” ”
S 8 A 70 F " t
59 A 70 S ” ”
S10 B 50 I % %
S11 B 50 S " o
S12 B () I " "
Si13 B 60 S " "
S14 3 70 F ” "
515 B 70 S u "
S16 A 60 I Vert. v
S17 B 60 I # ”
S18 A 60 I Low "
S19 B 6l I " "
S20 A 60 F o ”
S21 B 6l I " "
S22 A 75 IF " ”
523 B 75 I " "
S24 A 60 F ” u
525 B 60 I " #”
S26 A 45 I " o
527 B 45 I o #
528 A 75 S " "
529 B 75 S " "
530 A 60 F " "

Remarks: Quantity of Mixture is shown in kg and litre for graphite and water respectively.

Table 1-4 Results of the Settling Performance Tests (Dynamic Condition)

Kinds Condition of settling

Settl. F.O.

of Type  Settl. :
ZF 53 Heating Heater o &

Test Tank (°C) * Method Locasion (h) (15,."}1,-(2}
S31 r AA 60 F Low 6 0.952
532 AA 60 F # " "
$33 | AA 60 F u ﬂ "
S34 | B 60 F " " i
$35 | A 60 F " " 0.953
S36 A 60 F " " #

* Remarks: Quantity of Mixture is shown in kg and litre

,_8_

Mixture
F.O. Mix. |
S.G. Material ~ Quant. Rate |
(15/4°C) (%) |
0.946 Graphile! 3.00 0.211 |
" | u ‘ 3.00 0.211
0.950 v | 2.89 0.202 |
0.946 v 2.70 0.190
" » | 3.00 0.211 !
” " 2.97 0.209 |
" " 3.00 0.211 E
0.950 v | 2.08 0.208
" " | 2.90 0.202
0.946 % 2.92 0.205 |
" " 2.75 0.193
0.950 " 2.79 0.195 |
2 2.78 0.194
0.946 |~ 3.00 0.211 |
0.950 " 2.80 0.196 ‘
" v 3.00 0.210 |
” v 2.90 0.203 |
” Water ‘ 37.4 2.49 |
" v | 36.5 2.48
0.951 n | 50.3 3.35 ‘
0.950 | » : 55.9 3.7 |
0.951 Graphite 2.40 0. 168
” " ‘ 2.69 0.188 |
" v | 2.66 0.186
" ” [ 2.80 0.196
” " 2.82 0.197 |
" " 2.64 0.184
” " 2.32 0.198
" " 2.64 0.185
” ” 2.56 0.179
Mixture
Rolling Mix.
peviod | an_g_']'e_-Material %;?n]t* %‘;};’
B T ) A A °
13 60  Graphite 2.86 0.200
18 60 " 2.75  0.192 |
24 60 " 2.87 | 0.201 |
18 60 ” 2.98  0.208
18 60 " 2.95 | 0.206
18 60  Water  31.0 2.07 |

for graphite and water respectively.



Content of Mixture(Analysis) (%) Residual Rate (%)

Before 1 st 2nd 3rd 4th 1st 2nd 3rd 4th | “R
Settl. Layer Layer Layer Layer Layer Layer Layer Layer

0.204 0.143 0.157 0.198 0.229 70.0 76.9 | 97.0 112.2 73.5
0.068 0.059 0.055 0.074 0.107 86.7 80.9 108.8 157.2 H3.8
0.165 0. 146 0.156 0.188 | 0.200 85.5 94.5 114.5 121.1 91.5
0.178 0.139 | (0.145 0.168 i 0. 168 78.1 | Bl.4 94.4 94.4 79.8
0.208 0.167 0.172 | 0.164 0.177 80.3  82.6 78.8 85.1 81.5
0.168 0.170 0.174 0.195 | 0.220 101.1 103.6 116.1 131.0 102.4
0.174 0.149 0.137 0.175 | 0.235 85.6 78.7 100.6 135.0 82.2
0.369 0. 166 0.171 0.207 0. 190 44.9 | 46.3 56.1 | 51.4 45.6
0.296 | 0.144 0.147 0.204 (). 256 48.6 | 49.6 81.1 II 86.5 49.1
0.238 | 0.207 | 0.187 0.175 0.214 87.0 | 78.5 73.5 | 89.9 82.8
0.152 0.113 0.121 0.131 0,137 74.3 I 79.6 86.2 | 90.1 77.0
0.297 0,203 0.172 | 0.289 0. 246 68.4 I 57.9 97.2 | 82.8 63.2
0.173 0.163 0.140 |  0.165 0.325 94.2 80.9 95.3 187.9 87.6
0.219 0.140 0.132 | 0.168 |  0.165 63.9 60.2 76.6 5.3 62.1
0.172 | 0.1356 0. 136 0.168 0.165 78.5 | 79.1 97.6 95.9 8.8
0.200 0.162 0. 165 0.225 (0.238 81.0 82.5 112.5 119.0 81.8
0.124 0.135 0.132 . 0.145 | 0.188 108.8 106.3 116.9 Il 151.7 107.6
2.0 2.1 1.8 1.8 1.9 105.0 90.0 90.0 95.0 | 97.5
2:% 2.0 2] 2.2 2.3 90.9 | 95.4 100.0 104.5 93.2
2.6 2.6 2.8 2t 2.7 100.0 | 107.8 103.8 103.8 103.9
3.0 3.3 3.4 3.9 3:49 110.0 113.2 130.0 130.0 111.6
0.152 0.111 0.173 0. 260 (). 2498 73.0 113.8 171.0 196.0 93.4
0.205 0.135 0.132 . 0.188 | 0.171 65.8 64.4 91.6 83.4 65.1
0.228 | 0., 163 0.170 | 0.242 : 0. 185 67.1 74.6 106.1 81.1 70.9
0.303 | 0.116 0.126 ; 0.175 | 0.225 38.3 | 41.6 57.7 74.3 40.0
0.181 0.146 0.150 | 0.145 0.247 80.6 82.8 80.1 136.4 81.7
0.136: | 0.132 0.115 0.122 | 0.127 97.0 | B84.5 89.6 93.4 90.8
0.166 0.113 0.090 | 0.212 ‘ 0.194 68.1 | 54.2 127.8 116.9 61.2
0.220 0.119 0.123 | 0.205 | 0.233 54.1 : 55.9 93.1 105.9 55.0
0.179 0.134 0.113 ‘ 0.155 ; 0.213 74.8 | 63.1 86.6 119.0 69.0

Content of Mixture(Analysis) (%) Residual Rate (9)

Before 1 st 2nd 3rd | 4th 1 st 2nd drd 4th “R
Settl. Layer Layar Layer Layer Layer Layer Layer Layer

0.10 0.10 0.12 013 0.50  100.0 120.0 130.0 150.0 110.0
0.14 0.11 0.11 0.14 0.80 78.5 78.5 100.0 128.6 78.5
0.14 0.12 | 0.13 0:15 0.50 86.7 92.8 107.1 107.1 89.8
0.152 0.131 0.140 0.125 0.50 86.2 92.1 82.3 98.7 89.1
0.165 0.105 0.115 0.125 0.34 63.6 69.6 75.7 31.2 6H6.6
1.9 1.8 1.8 1.8 1.6 94.6 94.6 94.6 84.2 94.6
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Table 1-5 Residual Rotes of settling Performance Tests

49.1

(Mixture: Graphite. Heater: Low Instllation)
Settl. Temp.(°C)
45 50 ' 60 ' 70
: Heating Method
F S F S F S F
9 73.5
81.7 79.8 | 81.5 | 83.8 | 82.2 | 45.6
) e
g 2| . 102. 4
AR 1 70.9
° s 69.0
i
g o
£ g 3 91.5
e 75] L
90.8 2)6 | 77.0:| 63.2 |'87.6: | 62.1
B 6
40.0
Remarks: Residual rate R=A x 100 (%)
Where A is initial water content and B is water
content after settling.
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Fig. 1-16 Typical Sampling Positions (Indicated by Figures (1) @)

Table 1-7 Results of Microscopic Observation on Water Particles in Fuel Oil

Number of water particles

Kinds of treatment Dia. of particle

<3p | 3p~bp 6 p~12 p <124
Before 1 st settling oo 20~40 0~5 | 1 ~10
‘;\I{:ﬁ:—)r}e slt q‘-’tet(:tt;?t‘r: separ.) = o 2~10 | afew
e o ey - X X X
:\l!lt;li 'iznm:m!:&l;n:‘j(r:ﬁnm) 2 2~10 O~13 ( m:rl?v.'?ﬂ 1)
Before 2 nd centr. sepr. o 0~ 3 X b
Remarks: oo: innumerable %1 not existed

_1}'_
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Table 1-8 Results of Diesel Engine Running Test with Treated Fuel Oil

Max. pressure | Sticked carbon on

| |
: Load | Atm. temp  Exhaust gas Colour of : : ST
Fuel Oil P ey | oxhanet one |10 cylinder | fuel injection valve
(kw) ("C) Bl temp (“C) t:xE.tbt gas | (_kg_/tm’J____ (gley))
Mool oesteceq | B5 | M 310 colorless | 47~47.5 0.635
" Y3 825 15 302 " " 0.642
" Y 5 300 16.5 298 " " 0.705
” Y9 700 29.5 289 " ” 0.465
" Y 12 700 29 292 " " 0.393
” Y 13-2 200 22 307 " " 0.342
Table 1-9 Water Separetion Rate
Kinds of treatment system Water separation rate by each stage of separation treatment
Cominaten o | o " 1 N ) nd
ombination o st p Zn 5
5 p ; Before 1 st . : 2 nd ; 3rd
Symbol  settling tank Symbol e . Centrifugal 75 Centrifugal 0
ahd prither I'reatment  Settling Separation Settling Separation Settling
G1 | P | Y1 o | o | 47 | -— — —
: | —
g fsp Y 2 0 —4.8 143 | — - —
| Y3 0 3.6 BT | - — -
G3 Pos ‘ Y4 | 0o 0 25 ‘ 62.5 ‘ - —
| Y5 o 0 45 50 | — -
Y 6 0 i 23.8 42.9 | 42.9 — -
s P R Y7 | 0 5 45 50 = =
G 4 S—P—§ T | 5 | ® | v
Y 8 0 | 13.6 36.4 45.5 — ==
Y9 o | =27 19 36.4 — —
G5 S—»P—P | YIO | o0 | 45 | 39 I 34.8 —
. AT | Y11 0 12.5 16.7 37.5 37.5 —
| Y12 0 1046 31.6 47.4 52.6 —
Y 13-1 0 16.1 35.7 44.1 44.1 5l
Y14-1 | 0 33.3 73.3 73.3 73.3 76
Y14-2 0 12 |48 oM 44 56
y]’?;{;g::ere each treatment : - 3.0 36.6 47.2 53.5
Means ft;::er cach treatment 9.8 ‘ 35.6 8.2 | 48.4 59.5
Ste;;:;ratum rate of each | 9.8 97.6 11.6 | 1.2 6.0
Remarks: (1) Water separation rate:(l “ 2 ) ® 100(%)

Where A is initial water content
B is water content after separation treatment
(2) S and P in the table means separation treatment of water
by means of settling and centrifugal purification respectively
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Fig. 2.6 Test Results when the Engine Load was Changed (Cylinder Cooling System)

Fig. 2.7 Test Results when the Engine Load was Changed (Piston Cooling System)
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Fig. 2:12  Test Results when the Engine Load was Changed Variously (Piston Cooling System)
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Fig. 2-19 Test Results when the Set Entrance Temperature (Comparison with Table 2.1)
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Table 3-1

Test No. | Date |

i 36. 2

Engine

6 RD 90

PSe
13,000

Output '

Item

Pressure in cyl. (p-t)

Test Engine and Measuring Item

Instrument

| Wire-resistance type indi-

cator

10E)

(Kyowa PHF-

e

| 36. 5. 4

. 6.14

7.16 |

5 36.10, 6 |
|
|

6 36,10, 31 |

3-3 FHITAEROHEE,

331 & & &t

-~ f 4N

()T db % 2230 5T i 73 O AT IR TR HAL T <
U 23R ERT O AT IR TN E R OS5 B 33cps FUETH D,
BROENWIE X, 2 120rpm, 2 4 1 7 4O Bk
5, BWMIEES T o hlEL T 5 -

(DD

Thioxt U THEBMRIB IR IREIE < (89 20X 10 cps) % 7o @bRIGRA T HET H 555,
TAMLEECOWTHEE S 5. TEGEREEGHI R RTHZER O 2N 2 F7ER
LC, FONIEMZLE LT
BTWEPAITRELI2LDTH S,
HHTE5

% o g IR 2

s 2 fRIEGHE, <

i =
Bzt

6 RD Y0

6 RD 68

7 RD 68

9 RD 90

6 RD R

peaE

-

3-3-2 BRAFHEHEN

CHlEE
> Y Y HENWRAL T 57 VT

1= #s

| P

13,000

6,600 ‘

7,700

18,000

i, 300

B.H. P

Pressure in cyl. (p-t)
Indicated mean
ssure (Pmi)

Pressure in cyl. (p-t)

Indicated mean pre-

ssure (Pmi)
H. P

Pressure in cyl. (p-t)
Indicated mean pre-
ssure (Pmi)

Pressure in cyl. (p-t)
Indicated mean
pressure (Pmi)
B.H: P

pre-

| Togino

Togino typc torsion meter

Hydraulic dynamometer

Kyowa, Toshiba typehor-
se power meter

Wire-resistance type indi-
cator (PHF-10 E)
Maihak indicator
Indicatedmean Pressure
(Pmi meter)
Wire-resistance type indi-
cator (Kyowa, Shinko)
Maihak indicator Pmi me-
ter
Hydrauhe dynamometer
Toshiba Kyowa
type horse power meter

Wire-resistance type indi-
cator (Kyowa, Shinko)

Maihak indicator Pmi me-
ter

Wire-resistance type indi-
cator (Kyowa, Shinko)

Mechanical electrode tran-
ducer type indicator
(Kyoritsu)

Hydraulic dynamometer

Togino type torsion meter

Kyowa, Toshiba type ho-
rse¢ powar meter
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Date Load

%)
10/31
10,31 100

50
11/9

100

i

11/9 100

Date  Load

11/9

=]
o

11/9 160

11/9 110

A

Dis
E:

Instru-
ment

A
(&
D
A
)¢
D

&, I

rpm

120.3 |

133.7

139

Table 3-2
Maihak Indicator

Max. Pressure in Cly. (kg/cm?)

Wire-Resistance Type Indicator (C type)

Wire-Resistance Type
Mechanical Electrode

47.

46.
43.

68.
69.
61.

49.

L

69.
68,5

60.

71.6
70.
67.
69.

Table 3-3
Maihak Indicator

]

43.8
47.1
43.9

70.2
70.3
61.4

49.7
A7.7
43.3
70.6
70.5
61.8

71.5
69.8
66.9
69.9

Indicated Mean Pressure (kg/em?)

=3
Y

el

Indicated Mean Pressure
Wire-Resistance Type Indicator
Mechanical Electrode Transducer Type Indicator

Instru-

ment

8.33
8.07
5.94
8.09

-
o)
S

10. 36

10.5

10.15
8.28

11.08

9.63

(o™

8.11

Indicator (D type)
Tranducer Type Indicator

cyl. No
4
T2 48.8 8.4
&8 47.1 6.4
2.3 43.5 3.4
6.6 69.3 8.6
6.8 69.4 8.6
0.3 60. 2 0.6
8.1 | 48.7 8.4
5.7 47.0 6.4
1.8 43.3 2.4
8.7 68. 6 9.6
7.4 68.5 8.6
0.0  60.5 0.6
9.1 60.2 2.7
7ol 67.5 0.7
4.9 65.3 7.6
7.6 69.5 8.6

el |

5.7
7.75
7.05

9.37
9.58
6. 96
9.57
9.04

10.07
9.98
7.68

10.55

10.1

cyl.

3

7.95
7.45
5.67
7.74
6.92

9.52
9.34
6.88
QT
8.95

8.07

7.56

5.48
7.58
6.97

9.62
9.34
6.82
9.20
9.48

10.13 | 10.23

9.45
7.76 |

9.45
8.00

10.81 | 10.79
= 10.09

No

8.5
6.0
3.1

8.1
8.3
0.0

8.3
6.1
2.6
9.3
8.9
0.6

2.9
0.2
7.0
8.3

31 |
47

61 |

Y N e

9.76
9.34
6.75
9.30

10.6
9.72
7.62

11.00

10. 47

6

47.9
44.8
41.5
66.0

66.7

47.8
46.2

2

66.7
66. 3

71.
67.
65.
67.

o9 U W

9)]

6
8.27
7.7
H.64

AT
7.05

9.37
9.34
6. 87
9.40
9.29

10.73
9.76
Todd

10. 87

10.4

Mean

48.6
46. 6
42.7

68.3
60.

]

71.

66.
638.

x
N =]

Mean

8.17
7.66
5.66
7.76
7.02

9.53
9.46
6.55
9. 60
9.27

10. 38
9.75
7.85

10. 85

10. 14



Engine

65 RD 90

7RD 68

6 RD 68

36. 4 Date

1

o |

36.7.

36.7.24

11. &

36.

Poi (W/a’)by Pni meter

—
A1

o

o~

V] B

=

7|

/]

2

4 ¢
Pmi (Ki/c?) by Maihak indicator

Fig. 3-4 Comparison between Pmi by Pmi-Meter and
by Maihak Indicator

8

10

Pim=0.02

Table 3-4 B.H.P Measured by Each Horse Power Meter
Reading-Reading by hyd. dyna

Reading by hyd. dyna. at 100 9%, Load

e
S e
v | T
3 & &
25 ! 75.4 | 3,250 |
50 9.60 | 6,500
75 | 110.1 | 9,750
100 12000 13,000
25 84.8 | 1,925 |
65 | 117.2 | 5,005
% | 1235 5,775
65 i 118.7 | 5,005 |
100 | 135.0 T,ﬂk]‘
25 85 1.5?5!
50 104.0 | 3,150 |
75 | 121.5| 4,725
100 | 133.0 | 6,300
25 | 83.1| 1,575
50 | 105.1| 3,150
75 | 120.3| 4,725
100 | 133.7 | 6,300
115 | 139.4| 7,260 |

Dynamometer

Hydraulic

3,241

6,547 |

9,840
13,000
1,920
5,014
5,798
5,078
7,700
1,594
3,120

4,745

6,300 |

1,558
3,153
4,698
6,333

7,280

Togino Type
Torsion Meter

3,350
(0.8)
6,745
(1.3)
9,885
(0.4)
12,960
(—0.3)
1,965
(0.6)
H,070
(0.7)
5,870
(0.9)

%100 9%

[orsion Meter

Kuno Type

(=)

I X, 528
(—1.1)
| 3,061
[(—0.9)
| 4,747
(0)
6,405
(1.7)
1,471
(—1.4)
3,064
(—1.4)
4,624
(—1.2)
6,326
(—0.1)
£ s U

I(—2.6) |

Horse Power

loshiba Type
Meter

(11.2)
10,600
(5.9)
13,950
(7.3)

I'vpe
Horse Power

Kyowa ~
Horse Power
Meter

(1.3)
1,925
(0.1)
4,920
[(—1.2)
5,650
(—1.9)
|

1,580 |
(—0.2)

3,100 |
(—0.3) |

1,538
(—0.3)
3,121
(—0.5)
4,710
(0.2)
| 6,400
CL.10)
6,955
:(_ = 5- 2)

to be Indicated in ().

Calculated by
Shaft Stress

5,250
(2:2)
7,820
(1.6)

Remark

Zero Shift
Kuno type
—1.09%
Kyowa type
—13.89 at
75% and
1009,

Load

Zero shift
Kuno type
—0.889,
Kyowa
type+49%
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Table 4-1 Particulars of the Engines.

Item dope 642 VBF 75 628 VBF 50
No. of Cylinders 6 6
Dia. of Cylinder mm 420 280
Length of Stroke mm 750 500
lmlud;"iiff{ei\tli:':-ul'ruHsurL' kg/ent 80 20
Normal Speed rpm 240 320
Normal Out Put ps 2,340 925

Fig. 4-4  Arrangement of Test Rig for Oil Mist Detector

Fig. 4-6 Test Rig

=

Fig. 4-5 Generating Tank for Oil Mist

Fig. 4-7 0Oil Mist Generating Tank
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Table 4-2 Particulars of the Lubricating Oil

Mobile DTE No. 3 (Socony Mobile Oil Comp. Inc.

Specific rGavity 18/4,°C 0.90
Viscosity 50°C 60 c.s.
100°C 9c.s.
Ash 0.05 %
Residual Carbon 0.18 %
Flash Point 220°C
Cracking Point 350°C
Colour Reddish Brown (limpid)
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Symbol of Measured Point
1A (])
1A (Cy)

1A (Cy)

1A (D)
1B (])
1B (Cy
1B (C)

6 a

6 b

7A

7B

7C

8 A

8B

8C

Table 5-1

Type of Measuring Point

J

Remarks

For Measurement of Temperature of
White Metal

L=7mm
(from the surface of White Metal)

J==15
Back Side of Back Metal

L=7

L=15

AlAl=| ARl o|lg|lo|a|<|(O|O|O0O

AR =

A =

ololo| R«

— G =

For Oil Temperature Measurement



Table 5-2  Symbols of Measured Points of Temperature in Bearing

Symbol F?lf,h?ldeasured Type of Measured Point Remarks
1B()) ] For Measurement of White Metal Temperature
: For Measurement of Back Side Temperature
1 B(D) D of Back Metal
2B C For Measurement of Inside ofBack Metal (Depth
from Back Face: L=18 mm)
3A K For Measurement of Oil Film Temperature
3B ] For Measurement of Oil Temperature in Oil
g Groove
4b ] ' For Measurement of Oil Film Temperature

70°
¥ [measured
i —
4y (measured)

= !

@

3
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2

@y

=
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57"
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Fig. 5-20 Temperature Variation of Point ‘D’ (in Back Metal)
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Fig. 5-21 Temperature Variation of Point ‘ M;’
(Middle of Back Metal)
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