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. SUMMARY

SHIP AND RELATED TARGETS
JAPANESE NAVY DIESEL ENGINES

: 'iThefdiesel,engine industry of Japan did not play as important a part
in the war effort as did the American diesel engine industry. Two major rea-
sons weres ‘

1. The lack of ability to design suitable engines of high horsepower
output, .
a. The crux of the design problem in Japan at the cutbreak of the
war was not so much the scarcity of trained engineers and designers,
but rather the lack of originality which these designers displayed.
Most of the engines adopted by the Japanese for standard use during
the war had been designed eight to ten years previously and were
approximate copies of European engines. Little change was made to
adapt them to the tempo of modern warfare operations.

be With Japan almost entirely cut off from the western world, this
traditional lack cof originality in basiz technical design proved too
great an obstacle for Japanese engineers to surmount. As a result,
no high speed, high output engines comparable to American models
became operational, and only one experimental engine of the type
ever approached successful completion. This was the ZC 707, de-
signed by MITSUBISHI, which was completed and tested under NavTech-
Jap supervision.

2. Factors limiting production:
a. Complicated design. v
b.. Inadequate knowledge of "tooling up to do the job."
ce Inability to make the maximum use of available labor.

d. Lack of coordination between the Army and Navy in respect to
engine design,development and production. :

Investigation of the closed cycle diesel engine revealed that the
Japanese have been unsuccessful in experimenting on or in adapting this prin-
ciple to diesel operation.

NTT-L.S-42
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INTRODUCTION

The subject of this investigation is the study of Japanese diesel

° engines and diesel engine plants with respect to their exploitation by the

J apanese Navy. In order to appraise the contribution of Japan's diesel indus-
try to the Japanese Navy during the war, it was necessary to make a careful
study of the design of the engines and the tooling of the major manufacturing
plants. Specifically, the objects in view were:

1. To report the function and performance of the various diesel
engines which were used in naval combatant ships and in auxiliary
craft. s

2. To estimate the productive capacity of the diesel plants supply-
ing the Navy.

3. To ascertain in general the stage of development of Japanese
diesel design, and particularly to study the progress which Japanese
designers had made toward higher speed lighter welght engines of
high horsepower.

The method of obtaining information included tue following proce-
dures:

1. Inspection of diesel engine plants.
2 Interrogatidn of officials of various diesel engine companies.

3. Interrogation of naval officers whose duties pertained to the
design, construction, or maintenance of diesel engines.

4, Interrogation of control associations which had cognlzance over
diesel engine productlon.

5. Examination of documents obtained from the Japanese Navy and
from diesel engine mamfacturers.

In many instances, adequate records were not available, due to the
bombing or burning of the piants. It was, therefore, often necessary to rely
upon the memories of the offiecials interrogated. However, in most of these
cases, 1t was possible to cross-check the information. The inaccuracies dis-
covered were slight and did not affect the over-all picture.
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THE REPORT

Section I - USE AND PERFORMANCE

The principal models of diesel engines used by the Jap-

anese Navy were as follows: Iodels No. 2, No. 22, No. 23,

Medium Speed 400 HP, No. 51-6 and No. 51-10. The function

and performance of each is discussed below.

Model No. 2 “
-

Number -of cylinders I.O..lI..‘;\VV............l..e.....‘..b."...'..l. 10
Horsepower .......O..I................'....I..C.‘..'.'.'.....'... 7000
Type of Sngine @eecscecsecosnescnsrssnResreD e Double acting,two CYC:'.G
Bore PO O @O P OO OSSP BOOPOPOO ORI EOIOGOOOPEINORNLEOSRONINRESTRIOOES 470mm (18 “)
Stroke SO OB OOODOL OSSP OD N BPOOTOE OO PEOSSCNSsRee 490mm (20 7/ 'l)
RPM G e OO T OO PR O OO PO0 OO DODDOOOR BT ODOOOOT PEO LS OBN SISO NIGETPOOSEPIEDN 350
BImP .'..l.".....‘.....I..Q'......."........D.....Ill..'l‘.“‘l... 70
Piston speed ....O..‘...Q..._.....\...l..b......b...Q..'l...'.'\':al 1218
Fuel cbnsumption, (1bs/BHP/NP) eceiceccnccecnsscscscscscsssccssas 045
Exhaust temperature ©8 00000002000 000000000CROGCIOCOIIOICOOIBROIOREOOTROGECCIRTOTDS 7400 F
Maximum £iring pPresSSUPe cececescsccecssssssssceassssssscssssseosas 050
Type Of injection ¢escescecssncansesevonssessresnscesne ALP injeCtion
Piston cooling P9 00O OSSP E DO EE VOIS CEOLBDOB ORI OOESOOLEISIEDNPRASS Yes
weight OS8O COOOBICONINONONSOPOEROROCTOOO NGO OOCROCEOEPOIOIROTIPOIAITEOTERES 154’000 lbs

As noted above, this engine is a ten cylinder, two cycle, double-acting
engine, developing 7000 hp at 350 RPM. This engine is of the Sulzer design.
Manufacture was begun in Japan in 1932. From its weight of 154,000 pounds,
is evident that little effort has been made toward weight reduction. As in
the case of all diesel engines used by the Japanese Navy, this engine is cool-
ed with sea water; the temperature of the discharged water is kept below 115°F.
A large capacity lubricating oil cooler, capable of reducing tne temperature
of the lubricating oil from 138° to 128° F., is used.

Approximately 360 GPM of lubricating oil is circulated through the engine,
the greater proportion of which is passed through the o0il cooler. During con-
ference with varlous naval officers, it was indicated that a pump of smaller
capaclity had originally been used. It is obvious that tanis installation of a
larger capacity pump represented an attempt to solve the problem of cooling
the pistons and piston rods.

Little basic design change has been made on this engine since its manu-
facture was started in Japan. Such changes as had been made were to correct
faults which developed in operational training and war patrols. The critical
need for spare parts was evident. New engines which were found imn the Saselo
Navy Yard had been cannibalized to obtain spare parts.

When discussing this engine, Admiral KONDO, head of the Engine Design and
Construction Sectlon, Navy Technical Department, said tnat the iodel No. 2 was
manufactured until February 1943, and was discontinued at that time. He stat-
ed. that operating conditions during the war necessitated continved high oatput.
Under these conditions  they were unable to properly cool the pistons. XONDO
also stated that the lack of operating ski’l among their personnel was a con-
tributing factor. Further, on account of the complicated design of the engine,
manufacturers who were located in many parts of Japan were unable to -meet the
demand of the Japanese Navy.

In discussing the performance of this engine in submarines, Commander
CHUMA of the Sasebo Navy Yard stated that two of these engines, installed in
I-type submarines, driving a seven foot propeldlier with an eight and one-half
foot pitch at 340 RPM,gave the submarine a speed of 24 knots on the surface
(underwater speed was 16 knots).
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THE REPORT

Section I - USE AND PERFORMANCE

The principal models of diesel engines used by the Jap-
anese Navy were as follows: Ilodels No. 2, No. 22, No. 23,
Medium Speed 400 HP, No. 51-6 and No. 51-10. The function
and performance of each is discussed below.

Model No. 2
Number of cYlindersS ccecessscecccsscccsccsccansscasacossscssssnasnss 1O
Horsepower ....................................‘»'..............'. 7000
Type of €NEINe ceecessssscecescessnsvsecessss Double acting, two cycle
BOrE seeescneccesceenrsoncesnosssesonsccensssscscsnssscsass 470mm (1834)
Stroke ...............'........,......;...’..........‘ 4'90m (20 7/ 't)
RPM ’..Q.'.............“‘..................’..'.....l.......'.... 350
BIAEP B 000 OO0OROPDNASOLDEBOPIVOCOEP OO DLES AL NINOEOEUVNSBOIBEOIEOSIBEIT~~NCOTTES 70
Piston speed ..........‘......B........‘..................‘...... 1218
Fuel cbnsumption, (1bs/BHP/NT) ceeecececcceccncoscssssscccasscsas 0.45
Exhaust temperature 26000000000 000000000820000er20060%000300080 7400 F
Maximum firing PreSSUre eecseevvescsccvanscsevocscsrescsancsscsnsnsscssnsses 650
Type of inJection tececcceccscccsssssconcscscsscsescses ALr injection
Piston COOIing @0 cececsscrssttscssessssoossecssenssosessssasessse 1ES
weight PO OB SOOI DPOGODOTIPEIPOBOICOIROOOGOORSNGEOOOIOOSEOOIOILOLODNDES 154’000 lbs

iq -
!

i As noted above, this engine is a ten cylinder, two cycle, double-acting
engine, developing 7000 hp at 350 RPil. This engine is of the Sulzer design.
Manufacture was begun in Japan in 1932. From its weight of 154,000 pounds,

is evident that little effort has been made toward weight reduction. A4s in
the case of all diesel engines used by the Japanese Navy, this engine is cool-
ed with sea waterj the temperature of the discharged water is kept below 115%.
A large capacity lubricating oil cooler, capable of reducing the temperature

of the lubricating oil from 138° to 128° F., is used.

Approximately 360 GPM of lubricating oil is circulated through the engine,
the greater proportion of which is passed through the oll cooler. During con-
ference with various naval officers, it was indicated that a pump of smaller
capacity had origlinally been used. It is obvious that tiis installation of a
larger capacity pump represented an attempt to solve the problem of cooling
the pistons and piston rods.

Little basic design change has been made on thls engine since its manu-
facture was started in Japan. Such changes as had been made were to correct
faults which developed 1in operational training and war patrols. The critical
need for spare parts was evident. New engines which were found in the Saselo
Navy Yard had been cannibalized to obtain spare parts.

When discussing this engine, Admiral KONDO, head of the Engine Design and
Construction Sectlon, Navy Technical Department, said tnat the Model No. 2 was
manufactured until February 1943, and was discontinued at that time. He stat-
ed that operating conditions during the war necessitated continued high ocatput.
Under these conditions they were unable to properly cool the pistons. KONDO
also stated that the lack of coperating skill among their personnel was a con-
tributing factor. Further, on account of the complicated design of the engine,
manufacturers who were located in many parts of Japan were unable to meet the
demand of the Japanese Navy.

In discussing the performance of this engine in submarines, Conmander
CHUMA of the Sasebo Navy Yard stated that two of these engines, installed in
I-type submarines, driving a seven foot propelier with an eight and one-half
foot pitch at 340 RPM,gave the submarine a speed of 24 knots on the surface
(underwater speed was 16 knots).
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Piston Speed e £ 20600 6+000 8000 e0s 08800000 00c00Rssdeccacccasossoe 1224
Fuel COnsumption (le/BIﬂ:/hr) X EEREEEREERENRNENE NN N N N N N B RN B I I B BN I BN A O.gF
Exhaust temperafure .cessessccscsncesescesscessecacsssscccsacancsse 710

Yaximum firing PreSSUTe cceesececsesesscossssssssssccsscssnnsscncsses 720
Type Of injection l..'...OQ.'.iQ.D...QQQQ.!..'.."'I01..l0.. jerk pump
Piston cooling '.....n/.....-'..'..O..'.....Q....'.QQQ....IIII.I'.. Yes
'Il‘,eigtlt @ P B B B B 0 T O S0 S L0 eSO O TS S0P PG TEOLENSNIEDSEDIESEDSERS 74,800 lbs

The Model No. 23 is a conventional four cycle engine and is basically of
the MAN design. The engine is rated 950 hp at 360 RPL and was built in Japan
prior to the war.

When the demand for smaller, longer range submarines became appareat, this
engine was released for production to many plants in Japan.

A high rate of production was anticipatedz and partizl success of this
plan is indicated by the fact that production increased from 38 in 1943 to 150
in 1944. This increase would have continued, had not the bombing become so
effeetive in the spring of 1945.

This engine was used to power the RO type submarine, and in order te gain
longer life and longer continuous operation, BWMEP and piston speed were
dropped to a conservative level., From all information gathered, this was the
most reliable of the Japanese engines, but it still lacks many of the refine-
ments embodied in engines used by the United States Navy. No attempt had been
made to house working parts; therefore, much hand-oiling of parts was neces-

S8rye

Navy Type Medium Speed 400 HP Engine

Number Of cylinders 0 O OO 8O S0 O ET R AT OO PP EOOD 0BT EEE PSP OEEOYT RSO SN S 6
Horsepo‘ver O @ & O 0008 08¢0 0P Q0P OGN0 O T O OSSP PPORO OO ST O U DES NS CEOSEOSNSe 400
Type of engine SO 0 48 OOS 8OsV .‘;. 9 0 00 0 Q808 080008 SSBASsSSUSS SRS 4 cycle
BO.re 0 C e 0P ECL e 0000200000 CRCOIECOIOSICNIOIOCCCGOROIOOIOEORAGESTS 300mm (ll 13/16")
Stroke EEREEEEEERNEENNNNE RN NI I NN N NI R BN RN B R IR N NN 350 m (13 3/4")

RPM .....'.0..............'..........'..l.......ﬂ........’.....‘... 500
Bh’IEP B P O P CO SRS BERONR0RCOCOEOROEOOONEOSRROREPOEOE SNSRI ECSOTEOISEOTSSEDINOODBDIOS 69
Piston speed S0 900 PP PO, 00RO N OSSO0 SS SOOI RTORTESSESTSI OSSO ON 1176
Fuel consumption (lbs/BHP/NT) ecececcessscenesscscssassscscceseeses Oo38
Exhaust temperaturle eseccsncescencscccscsscssssnsosvesccsscssessnss 700

Maximum firing PreSSUTE seeccccccsscssssanccnsssesssssssssssscssssse 700
Type of injection eceesvosssvacsssscssssnransansessresessaces JETK pump
Piston cooling 8050050 essenesacesessctsersstsesscesecsesseaneesscse NO
Weight QOO RO OGO OV OO D T OO NDEOI RO RSSO N BRSO RN TN PRGSO 24,200

The Navy Type Medium Speed 400 hp engine is a conventional design of the
four cycle type and was used to power the 1l5-man submarine.

When the demand for the smaller type submarine was made, contracts to
manufacture this engine were spread all over Japan. As was the case with the
Model No. 2 engine, in spite of the fact that special plants were set up, its
-design was too complicated to obtain the desired production.

In the design of the engine, 1little thought was given to the available
tools with which to manufacture the engines.

There is nothing outstanding in the design. It ccmpares with engines
built in the United States some 15 years ago and contains few cf tne refine-
ments found in the present day‘American diesel engine.

The low rated output of this engine indicates that the Japanese regquired
and stressed continued operation rather than performance. American engines of
this size would be expected to operate at considerably higher horsepowers and
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still meet the requirements' of the Japanese Navy in respect to continuous
.operation., .

Model:No. 51-6

Horsepower @0 0PI 0C000000EIEN00080000000CEOCNCOIRORIRRICGEGOIEBCESROIBROIOARONIOOS 150
Number of Cylinders S 02000 DOE S LSOO ECEOSEESISESIOSESLIOBSISEOSEBETEBSIDOS .‘? ® & 080 nesossse

Type of engine ssececsceessesecsnssstrccssnsecsecssesnesnsess LOUT cygle
Bore .....O‘..O..'O.".....'.'.....ﬂ......ﬂ.....'.......... l4'0mm (5 ")
Strcke 0-000...n....'o...-..cl..l.0"-...0!!.'.0.0...‘... 2oomm (7 7/ ")
RPM ....-..'............-.........'..‘............-...........'.. 1300
BI!EP ...."E.....o.....'........'.......""..Q-....'......'.........." 83
Piston speed S S SO O OO SCEIIGCEPIBLONSIEOOLONOESROISTES .(‘. 9O EDSORIORREEGOESSISEOOIEDTSOSS 1629
Fuel consumption (le/BHP/hr) 800000000 CCeNERNTCIOGLIBLOOIBOOROOIOETRE DR 0045
Exhaust temperature .ooo--noo-o..oouo.-tcsn;uo-o-o.o-u--.-.-o.--. 1050
Maximum flring PreSSUTe eeccecseessscccecavsassctsssscsscscssccccees S80
Type of injection [ E A N R NN NEERNNNENEEEREN N EE NN NR NN N N N YN N Y R Bosch
Piston COOIing OB @O0 O3V OC OO SPNOELSIOESLTPIPOITOESLTSIOEOCOOSEOIEDOSIOSSERES .“. o s 00O esOoOR NO
weight .°.°..'...........‘.................0...0..'......... 3,300 lbs

Note: Model No. 51-10 has.hp of 300, 10 cylinders, and weighs 5,500 lbs;
otherwise specifications are same as for iHodel No. 51-6.

The Model 51 engine has been manufactured in Japan in the six cylimder
model for the past seven years and was used to power the three man submarine.
With slight modifications, it was also adapted for use in generating sets.
These engines were constructed in many plants in all parts of Japan. Its de-
sign was conventional with the exception that the head and liner, both of which
were water-jacketed, were cast integrally. This model engine was Navy de=
signed, and its importance in the final defense of Japan was indicated by the
trend of production of engines of this model shown in Figure 1.

Admiral KONDO was questioned in respect to the foundry problem on the head
and liner of this model engine. He admitted that many foundry difficulties had
been encountered and that rejects up to 504 were experienced. He atitributed
this to the lack of proper alloys and unskilled foundry help.

The injection system employed is the conventional Bosch injection which is
manufactured in Japan by the Diesel Hachine Tool Company, whose capital was
subscribed by the major diesel engine manufacturing companies.

Because of a shortage of gascline, a program of 1,000 engines of this
model, having 10 cylinders, was started in October 1943. The following plants
were set up to manufacture the engine: Niigata Iron Works, Yokosuka Navy Yard,
Hiro Naval Engine Plant, Ube Iron Works and the Hitsubishi Shipbuilding Yard
at KOBE. By the end of the war, approximately 97 engines of this design had
been built. 'The delay in the program was partly due to the inability to tool
up and partly to the bombing of Japan in the spring of 1945.

The original design of the 10 cylinder engine called for the crankshaft
to be made in one pilece, but very few engines with this type of crankshaft were
produced. 1In discussing this matter, Commander NAGANO, Havy Ministry desigmer,
stated that the change to a two piece crankshaft was to simplify machining,
and that it was not done to stiffen the crankshaft itself. He stated that the
engine had no serimus criticals. Those that were present were within the
acceptable limits of the Japanese Navy.

The 10 cylinder engine was to be used in an anti-aircraft Support Boat,
the specificatlions of which were:s

Length D.I...QIOOO....Il...;.&....l.'.’...ﬁ‘..........D.O.QI.O 58 feet

BEam P 0000200000002 20000000000600639 00000000003 0000CCSBEROROCESIIORBIRSDE ll feet
Power ....;i‘.....i...l......l....ll..........DO 2 Mudel Sl-lo engines

Speed A A AR A AN R E AR R R A RN N E RN E N E N R NN Y N N N N R R R R R l kDOtS

i0
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Section ITI - PRODUCTION

Diesel engines were not produced in any great volume in Japan prior to the
war. It was common practice for the larger plants to build both the diesel .
engine and the equipment in which the engine was to be installed. Accordingly,
this left little opportunity to develop plants which specialized in diesel con~
struction exclusively. Even now, evidences of engine assembly resembling
Anmerican line production are extremely difficult to find.

With the attack upon Pearl\Harbor and the consequent increase in Japan's
military activity, the nedd for both automotive and marine diesels grew rapid-
ly. Both the Navy and Army called upon the diesel industry to increase pro-
duction sufficiently to satisfy wartime needs, but the efforts of the industry
failed. As a result, the National War Mobilization Laws set up in 1942 a plan
to ratlionalize the diesel industry. It provided for three agencies: The Ship-
building Control Association which controlled the construction and allocation
of large diesels to power cargo vessels and certain auxiliary naval craft; the
Marine Internal Combustion Engine Control Asspciation which had cognizance
over all small marine diesels and/semi-diesels and the Industrial Engine Con-
trol Assoclation which controlleq industrial and automotive diesels.

Through the last-named organization, the government ordered tihe major
diesel manufacturers to subscribe to the capital of a new organization, the
Diesel Automotive Industry Company. This move was a dual attempt to make the
- production of automotive diesels more efficient, and at the same time, to free
certain well~-tooled diesel plants and their skilled workers for high priority
aircraft production. Measured 1ln terms of Japanese production standards, this
plan for automotive diesels proved rather successful.

On the other hand, no such plan was approved for marine diesels. As a
result, marine dlesel plants, both large and small, were spread all over Japan
with comparatively little specialization in any of them. Moreover, it was the
control associations which drew up the contracts with the individual firms and,
in the end, determined where each engine was to be shipped. There was a great
deal of secrecy attached to the transaction so that it was quite common for a
manufacturer to build englnes without ever knowing to what use his engine would
eventually be put. This situation was nct particularly conducive to bringing
forth the utmost effort upon the part of either the management or the workers.

However, the most Iimportant error which the Japanese committed in their
plans to increase marine dlesel production was the utter lack of cooperation
between the Army and Navy in respect to the landing craft program. It was
found that the Army and Navy both were engaged in the development of engines
of different bores and strokes, whereas it was quite apparent that a common
design would have resulted in greater production in the same manner as in the
U.S. landing craft program.

The majority of Japanese diesel plants were inadequately equipped with
modern machine tools. It was also apparent that thiose few plants which were
well equipped such as the Tokyo Engineering Company (a Mitsubishi subsidiary),
Kubota Engineering Works at OSAKA, and the Ikegai Iron Works in TOKYO, had
little knowledge of "tooling up to do the job". ¥For example, the lack of drop
forging capaclty necessitated the machining of practically all crankshafts from
solid forgings. Thls resulted in a waste of valuable manpower and in a lack
of crankshaft capacity.

Furthermore, the Japanese Navy very often did not give proper considera-
tion to the adaptablility of machine tools when assigning the manufacture of
engines to various plants. This resulted in the inefficisnt use of tools which
would have been better adapted to other essential war work. For example, in
November, 1943, the Mitsubishi Plant at KOBE was directed to build the Model
No. 51 in the ten cylinder version. This plant always had concentrated on en-
gines used to power large ships. Consequently, in spite of the tremendous
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Figure 1

MONTHLY AVERAGE PRODUCTION OF
STANDARD NAVY DIESEL ENGINES
SHONN BY TYPE AND YEAR,1943-1945
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Figure 3
ANNUAL PRODUCTION OF HITACHI LIMITED
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MAJOR JAPANESE DIESEL ENGINE MANUFACTURERS
MONTHLY AVERAGE GUTPUT VS TOTAL MANPOWER
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pressure exerted upon them to build up bfoduction on this engine, by the end
of the war they had completed only 40 engines of this model.

Another factor contributing to low production was the absence of molding
machines in the iron foundries. Because the Japanese did' not use molding ma-
chines in the iron foundries, all work was recessarily done by hand. The num-
ber of employees needed was, therefore, greater. This, in turn, took skilled
men away from other industries which undoubtedly could have employed them in
equally essential war work. From observations such as these, it was apparent
that the wasteful use of. labor at low wages during peacetime was a policy which
the Japanese were unsuccessful in changing during wartime. (In passing, it is
interesting to note that there was no particular shortage of iron castings,
although the Japanese were conslderably concerned about their relative in-
ability to obtain acceptable cast steel). .

Production was also limited by the fact that aircraft consistently enjoyed
the highest priority, and many of the diesel industry's skilled workers were
. drafted into aircraf% work.

Flgures 2 and 3 are representative of large plants =nd show the inability
of these plants to meet the requirements of the armed forces. attention is
called to the effectiveness of the bombing which necessitated the dispersal of
mackine tools and personnel frum the highly industrialized arews to less wvul-
nerable locations. However, the process of reassembling machinery and person-
nel in the new locations was extremely slow. In fzct, very few of the tocls
which had been moved were ever again utilized for wartime production. Figure &
shows the average horsepower produced per month per man. It is approximately
25% of that produced in the average american plant. The information for this
chart was gathered from elght major companies. It is interesting to note that
the differences between the plants in respect to rate of horsepower produced
are slight, and that production of diesel engine horsepower per man in Japen is
uniformly low.

Seetion III - DESIGHN

It is evident from the study of both operational and experimental Japanese
diesel engines that little basic design had been achieved by Japanese engie=
neers. The majority of engines produced in Japan were copied from European
designs and were then modiflied to some extent to meet Japanese requirements.

In general, there was little chiange in the over-all design. lowever, there
were certain exceptions to this practice, and these constituted practically all
of the original diesel engine research and experimentation performed in Japan
during the war. A discussion of these developments follows.

A two cycle engine which has a unit injector and is capable of operating
at 1600 RPM was developed by the Tokyo Engineering Works at Kamata, TOKYO, a
Mitsubishi company. It is a 20 cylinder,V-shaped engine which wss designed by
the Mitsubishi engineers in collaboration with Admiral KONDO of the Navy Teche
nical Department. The design was developed In response to an order from the
Navy for an engine to be used in high speed motor torpedo boats.

The company first bullt and tested a single cylinder pilet model. Under
test conditions, this experimental model was operated at BLEPs up to 140 psi.
A complete analysis of the tests which were made in July 1944 is submitted with
this report. (Enclosure (I)). At the request of NavTechJdap, a duplicate test,
the data for which is also included in this report, was run on 16 November
1945 in order to evaluate the engine. ‘

) Because of the satisfactory results achieved in the first tests of July
1944, the company proceeded to build the 20 cylinder model; at the end of the
war, it was stilli incomplete. :
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The company was ordered to complete and test the engine. The tests were
made at the Mitsubishi Plant by its highly trained engineers and the results
were forwarded to NavTechdap. I% should be noted that the results did not meg-
sure up to design performance. In the time allowed, the company barely was
able to complete the engine and it failed to eliminate the various defects
which developed during the tests. It is believed that only actual study of the
engine will yield the information necessary for evaluation, Therefore, the
engine has been forwarded to the Bureau of Ships, identified by NavTechJap
Equlpment Nos. JE50-1130 and JE50-1131. The report, too, has been forwarded
to the Bureau of Ships. (See Enclosure (C) for the forwarding letter.)

Representatives of NavTechJap were present during the tests of the single
cylinder engine. During the entire test, the engine operated very smoothly up
to and including speeds of 1600 RPM. Combustion was relatively clean during
the entire range of horsepower. (& piston design change has been put into
effect on the 20 cylinder model and should improve combustion.) The engine was
extremely quiet with little or no combustion knock.

Attention is invited to the unique design of the piston. The top of the
piston 1s of forged steel and is bolted to the main body of the piston which is
of cast iron and contains the wrist pin boss. The camel-back piston is cored
out for oil cooling, and the oil is led into this chamber by an oscillating
pilpe that fits tightly into the entrance to the chamber. This pipe osecillates
on the top of the piston rod and is secured to the piston rod by a snap spring.
In spite of this unusual heavy piston construction, the operation of the engine
was at all times exceptionally smooth.

The Mitsubishi Heavy Industry Company at NAGASAKI was attenpting to
develop a compound diesel engine. No data or tests were available other than
those which are included in the inspecticn report (Enclosure (E) Plant Report
No. 1) and the "Report on Experimental Compound Diesel Engine" (Enclosure (H)).

Because of the bombing effects, operation of the engine was not possible,
and with the little information on hand, suitable comments cannot be made.
This engine was discussed with Admiral KCNDO who stated that he was of the
opinion that development of such an engine was not an immediate prospect. Air-
cooled engines of 240 horse power were developed for use in Army tanks with
apparent success. Englnes were of two types: one had a closed type combustion
chamber; the other, an open type. They were built with the same bore and
stroke, as indicated in the following table:

Bore PEOPOIFO LRS00 0I 0080000006000 00060000000 0PCCLSEECIOR®GSEES 120mm (5 11/16")
Stl‘Oke .'.C.....ll......0........;....0.'.l....'.l...' léomm (6 1/4")
RPM s...c..e.-..oo_y.o.-'o-o.|1Ioool...lQtolono-o-....*c.noo..osoot'- 2000

Cy'lindel's .o5...o-.....l.-..o.oo.oo..e....o'.roo.aooocctn--.ll 12 V"type

. In the closing stages of the war, an engine was built developing 400 hp
at 1600 RPM and having the same characteristics, but with a bore of 145 mm and
a stroke of 190 mm. The engine was supercharged and the RPM increased to 20003
horsepower developed was 500. Two engines of this type were built; the first
-was installed in a tank and was undergolig tests at the end of the war. The
United States Army has taken over this tank and the engines, and they are being
shipped to the United States for additional tests.

In response to orders to develop a high speed, light-welgnt diesel engine
for use in the proposed high speed torpedo boat, the Yokosuka Experimental Sta-
tion which also was under the command of Admiral KONDO, proceeded to-design
engines believed to be suitable., "

Three types of engines were built and were in various stages of testing.
Their characteristics are as follows:
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Model No. 61 iodel No. 63

Bﬂre a8 s sesascesosOsNee l4om (5%") Sesasseessrsavsvesanse lgomm (7%")
Stroke ese00sveces 180mm (7 3/32") o608 s0sseccsonrs 250mm (9 27/32")
I‘IOQ Of Cylinders es s es0sso s V"l G s 02 SEABIBOICERDPEROOCESIOESIRSPORSTITTOTITOTTSE V-8
RPM o9 00000000 0s 20008000000 1600 9P es e eRGEEGPOGIERETCREOEIPROTEOICTEOROEOETRROEES 1600

Injection .n..‘......‘l.“».. Bosch [N NN N N N NN NN N N A R NN B A N BB RE R N Bosch
* Model No. 62 same as No. 61 except for V-12 Cylinders.

Modél No. 61 was designed for port scavenging and Models No. 62 and No.
63 for valve scavenging. All engines worked on the two cycle principle.

Some success was had with these engines but numerous failures were repor-
ted because of bearings and rings sticking. Reported "number of hours" varies,
but indicatlons are that the total hours did not exceed 100 on any of them.
Because of the pressure of other and more important projects, this program was
abandoned in November 1944. The Experimental Station suffered z direct bomb
hit in May 1945, and the engines were practically destroyed.

i

When the oil shortage became apparent, the Experimental Station édevoted
its entire resources to the use of substitute o0il in all diesel and gascline
engines used 1in the Japanese Navy.

Some idea of the shortage of fuel can be had from the fact that 20 tomns of
-fuel were allocated to the Mitsubishi Company to experiment on a 20 cylinder,
2000 hp Mercedes-Benz engine brought from Germany by submarine for study by
Japanese engine designers.

A complete study of substitute oils has been made by this Mission {see
‘NavTechJag Reports, "Japanese Fuels and Lubricants, Articles 1 to 1C," Index
Nos., X-38(Nj-1 to X~-38(N)-10), but the following interesting facts should be
noted. .

Creosote oil, soya bean oil and plne root oll were tested and were found
suitable for semi-diesel and small diesel engines. The creosote and Soya bean
0ils were acceptable, but the pine root oil was not satisfactory because of the
sticking of the injector and fuel pumps.

The combined use of coal gas and fuel injection on semi-diesel and small
diesel engines had been studied and accepted; the reported saving of fuel was
50%. The engines were started on diesel oll, and coal gas was used only when
loads were 50% and above. This innovation was being installed in small craft
in the latter stages of the war.

Some experimental work had been done on chromium liners. Navy engineers
spoke of the Vander Horst system but stated that little or no success was had
because of the fact that the chromium flaked and resulted in serious ring
trouble. This experimental work was started some time in 1%42.

It'is interesting t¢ note that in Japan, little was known about hardening
of crankshafts. No evidence was found to indicate that crankshafts were being
hardened.

Crankpin and wrist pin bearings of all standard Navy engines with the ex-
ception of the Model 51 are of hard white metal with a very high tin content.
Lubricating oll pressures are maintained at 30 psi, and bearing life is very
satisfactory. The use of precision bearings or even replaceable shells with
the exception of the 51 Model have not been provided for. If a crankpin bear-
ing is burned out or otherwise fails in service, the entire crankpin box is
replaced.

It is quite apparent that the loss of outside contact during the 1®st

17
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years materially affected the progress of diesel engine design in Japan., Meny
refinements incorporeted in the design of American engines are unknown in Ja-
ran. Japanese engine designers have given little consideration to the avail-
ability of machine tools with which to dbuild the engines thkey design and in
many cases have approached design without due regard for production., This hes
been one of the major causes for their failure to meet the demands of the armed
forces, Moreover, the Japanese are followers and not leaders, and this fact
accounts for their entering the war with diesel engines which were designed up
to ten years hefore the attack on Pearl Harbor.

As indicated above, little can be learned from the standard types of
diesel engines used by éhe Japanese Navy, but it is felt that the experimental
type engine built by Mitsubishi warrants special study because it contains many
interesting features. Both the single cylinder and 20 cylinder models were
forwarded to the Bureau of Ships at the conclusion of the tests mentioned in
the foregoing material. v )

* ok Kk ok %k

Design with Reference to the Closed Cycle System

The closed cycle operation of diesel engines, using oxygen, was discussed
Admiral KONDO, and the following was learned:

In 1937, the Japanese received information that experimental work had
been done in Germeny on this system. Admiral KONDO did not indicate how
this information was received, but from the results of their experimental
work, 1t was apparent that little knowledge was transmitted to them.

The Japanese started their experimental work in 1937 and in the very
early stages, a serious explosion took place with a number of deaths and
sarious injuries. Admiral KONDO stated that at that time, the project
was abandoned, and that no Japanese submarine had been equipped with this
device during the war.

On 28 November, 1945, Mr. NAKAMURA of the Yokosuka Navy Yard was
questioned on this subject. All the information submitted by him sub-
stantiated entirely the statements made by Admiral KONDQ., Mr. NAKAMURA
had been a civilian employee of the Navy Ministry for the past 30 years
and ‘was associated with the Experimental Station in design and testing
most of that time. ; .

Approximately six years ago, according to Mr. H. INOUYE, Plant
director, the Mitsubishi Company conducted some experiments along the same
line for oper %ion of small diesel engines, but they were unable to
operate the engines under tests longer than ten minutes. - They gave up
their experiments as the desired results could not be obtailned.

From all the information which it was possible to gather, it can be
stated that the closed cyele system was not used by the Japanese, and that
they had little knowledge to contribute on the subjecte
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ENCLOSURE (A)

LIST OF JAPANESE DOCUMENTS FORWARDED THROUGH
ATIS TO THE WASHINGTON DOCUMENT CENTER

I. EXPERIMENTAL DIESEL ENGINES.

37 Single Cylinder Engine
NaVTeChJap NO. ND50—1100.2 ee3ssensse0Rade ATIS NO. 3057
- BLUEPRINTS

Assenbly Drawing-Side

Assembly Drawing-Right

Assembly Drawing-Left

Assembly Drawing-Rear

Assembly Drawing-Top .
Assembly Drawing-Lateral Cross-Section
Assembly Drawing-Front Cross-Section
Crankcase Assembly

Crankshuft Assembly

Piston and Connecting Rod Assembly
Cylinder Assembly

Distributor System Assembly

Drive Gear Assembly (

Scavenger System Assembly (Drawing #1)
Scavenger System Assembly (Drawing #2)
Ixternal Scavenger System

Fueli Injection Equipment

Fuel Injection Test Assembly

Balancer

NavTecdap No. ND50-110C.3 .iececosceacasss ATIS No. 3058
-  EXPELL«i:TAL REPORT '
a. Research Report
b. The Ralation Retween Scavanging Pressure and Scavenging Air
Veolune

¢s Combustion Rate as it is Affected by Reduction of Scavenging
Alr

ZC ZOZ”Twentv Cylinder Engines
1. NavTechJap No. ND50-1100.1 ..cvuerseeeovsss ATIS Ho. 3056
BLUEF: INTS
" a. Assembly Longitudinal Cross-Section
b. Assembly Forward ©“nd Cr~oss-Section
ce. Assembly Left
d. Assembly Front
e, Assembly Top
NavTechJap No. ND50-1100.4 seseeeccssassss ATIS Hoo 3059

PHOTOSTAT OF DETAILED DRAWINGS
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ENCLOSURE (4}, continued

Model No. 61 -
1. NaVTeChJap NO. NDso-llOB cescccccrcscescrvere ATIS No. 3086

\ MODEL NO. 61
R\

a. Test Data No. 4
b. Test Data No. 5

Model No. 62

f

1. NavTechap No. 'KD50-1105 <esvssesceseeessss ATIS Ho. 3072
‘ BLUEPRINTS

a. Profile
b. Lateral Cross-Section
ces Longitudinal Cross-Section

Model No. 63
l. NaVTechJ'ap NO. NDso—lloh Se o000 ORLEIBLOIOIGELTELES ATIS NO. 3077
BLUEPRINTS

a. YVC 4 Cylinder Cross-Section Blueprint #1
b. YVC 4 Cylindef Cross-Section Blueprint #2

¢. YV 16 Cylinder Longitudinal Cross-Section

d- YV 16 Cylinder Lateral Cross-Section -

- No. 63-8 Cylinder Longitudinal Cross-Section

i« YVB-8 Cylinder Lateral Cross-Section

ge YVA-4 Cylinder Test Data No. 2

h. YVA<4 Cylinder Test Data No. 1

1. Model No. 63 Book of Design and Calcuations

jo YV 16 Cylinder Test Data #2

k. Pages from Test Data of YV 16 Cylinder Diesel Engine

Miscellaneous Blueprints

1. NaVTGChJ'&p NQ. NDFO"llO? ceecsvessccssssosse ATIS No. 3062
BLUEPRINTS

Model 11 Cross-Section

Model 25 Lateral Cross-Section
Model No. 25 Side

Model No. 31 Profile S
Model No. 42 Cross-Section #1
Model No. 42 Profile #1

Model No. 42 Preofile #2 .

Model No. 42 Cross-Section #2

v II. OPERATIONAL DIESEL“ﬁEQ;yg
A. Blueprints and Test Data for Model lo. 2 -
1. NavTechJap No. ND50-1130 eeeeveeesecesceoss ATIS No. 3084
| 'T MODEL NO. 2

a. Vibration Dampener Blueprint
b. Vibration Dampener Blueprint
c. Cross-Section Blueprint
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| ENCLOSURE (4) conttnued

d. Top and Side Blueprint

e. Top ‘0il Injection Valve Comparison and Performance Data

f. Air Pressure Pump Assembly-Side View

g. Tabulation of Vibration for Both Engine and Enzine Stand and
for Piston Rods

h. Type and Endurance Test Run #4 :

1. Summary of Damage During Type and Endurance Test Run No. 4

jo No. 3 Test-Run Data

Miscellaneous Blueprint and Complete Test Data for
1. NavTechdap No., ND50-1109 ...........J;..... ATIS No. 3073

MODEL NO. 22 ENGINE

a. Assenmbly Cross-Section Blueprint
b. Slde and Top \
_¢. Experimentation on Substitution of Light Metal Alloys in Model
No. 22 Engine
d. Results of Experimentation on Supercharging Model No. 22 Engine
e. Test Data #1 ‘
‘fo Test Data #2

Model No. 13 -
l. NavTechJap NO. NDSO'llQé --o.oo.»o.oco-vo-.‘. ATIS N‘O- 3064
BLUEPRINTS

a. Assembly Cross-Section
b. Side and Top '

- Model No. 51-6

1. NavTechiap No, ND50-1090.1 -e.seeeesoesss. ATIS No. 3053
' DIESEL ENGINE TEST STAND REPORT
Model No. 5i-10
1. NavTechJap No. ND50-109042 eeececesescccsse ATIS No. 3054
MISCELLANEOUS BLUEPRINTS
a. Assembly Drawing No. 1 i
b. Crankshaft Detail No. 1
¢. Crankshaft Detail No, 2
d. Assembly Drawing No. 2

e. Crankshaft Detail
f.  Assembly Drawing

V=12 Air-Cooled Pre-Combustion Diesel Blueprint
1. ljlavTechJ'ap NO. ND50“1100e5 e80eecscssorOsORES ATIS Noe 3044
' BLUEPRINT

Front View

Rear View

Right

Left

Top )
Longitudinal Cross=Section

21
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g. Lateral Cross~Section
h., Crankshaft

V=12 Air-Cooled Diesel INiscellaneous Blueprints
1. NHVTGChJap Nb. ND50-1101.2 aooooo:o;o-onooo ATIS No. 3042

MISCELLANEOUS BLUEPRINTS

a. Cross-Section

b. Side-View

Cc. Crankshaft Detail

d. Top

€. Front

f. Piston and Connecting Rod Detail

V- 12 Water-Cooler Diesel Miscellaneous Blueprints
1. NavTechJap No. ND50-1101.]1 eeescccccascasse ATIS Noeo 3041

MISCELLANEOUS BLUEPRINTS

Side

Rear

Base and Center Frame Detail
Valve and Lifter Detsil
Cylinder and Head Detail
Clutch Detail

Crankcase Detail

Reverse and Reductlon Gear Detail Assembly
Crankshaft

Plan View

Slide View

Reverse Gear Detail

v-12 Air-Cooled Direct Injection Diesel Blueprints
1. NHVTechJap NO. ND50-1100 6 ceesecvevesvecan ATIS NO. 3043
BLUEPRINTS
a. Front
be Rear
c. Left
d. Longitudinal Cross-Section

e. Lateral Cross-Section
f. Crankshaft

III. COMMERCIAL AND PEACE TIME CONSTRUCTION AND DESIGN
Nligata Diesel and Semi-Diesel Engine Catalogue X ‘
1. NavTechdap No. ND50-1093 .eeeveccecesvsceae ATIS No. 3050
i ) CATALOGUE
Ikegail Iron Works Solid Injection Diesel Engine
1. NavTechdap No, ND50-1092 .ceceescsecceesees ATIS No. 3051
CATALOGUE
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ENCLOSURE (4), continued

kobe Engine Works Catalogue of Heavy 0il Marine

1.

NavTechdap Nb= ND50«10QL seccescecccsccesan ATIS No. 3023
ENGINES

Mitsubishi-Kobe D1esel Catalogues -

1.

NavTechdap No. ND50~1095 cevecosvssescesses ATIS No. 3049
CATALOGUES

a. Four Cycle Engines
b. General

Hanghin Iron Works

1.

NavTechdap NO.VND50-1096 eeveccasssescssssss ATIS No. 3048
CATALOGUES AND REPORT

a. Marine Diesel Engine Catalogue

b. S0lid Fuel Injection Diesel Instruction Manual

¢. Dilesel Engines for Land Use

d. Report of Caplital Structure and Production to Prefectural
Governor ’

jesel Automotive Industri Co Catalogue

1.

Kane

1.

NQVTechJap NO. ND50-1098 senseeessescsassece ATIS N0}73046
CATALOGUE
ae. Five Liter Diesel Engine Instruction Manual
b. Nodel TX40 Truck Instruction Manual
¢. Isuzu Commercial Catalogue
fuchi Diesel Indust Catalogue
NaVTechJap No. ND50‘1099 eccecnsssssssnsces ATIS Noo 3045

CATALOGUE
IV. MISCELLANEQUS DOCUMENTS

Engine Material Specifications

1.

NavTechdJap No, ND50-1102 ecceacsececscseceess ATIS No. 3052

a. Substitute Materials for Marine Engine Parts
b. Japanese Engineering Standard Rules

Test Report of Electro-Hagnetic Type

1.

NaevTechdap No. ND50=1108 eecvecsseascecscsses ATIS No. 3063
DYNAMIC BEND TESTING DEVICE

Sample Marine Trial Run Data

1.

NavTechdap No. ND50=1097 ecceevscescsccssee ATIS No. 3047
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_ENCLOSURE (B)

LIST OF EQUIPFMENT FORWARDED TO THE UNITED STATES

NavTechJap No. Description

JE50-1235(1~3) Assorted Dynamometers
: l1- Dynamometer

2= Hydrophllc Dynamometer

3~ Recording Dynamometer

JES50-1272 Recording Dynamometer

JE50-1130(1) ZB-1 type ZB-35 Single Cylinder Diesel Engine
Lubricating 0il Tank
Primary Fuel 0il Filter
Temporary Fuel 0il Fjlte:s
Primary Fuel Hand Priming Pump

JE50=1130(2) ZB=2 Iubrication 0il  Cooler for ZB-35-1

JE50-1131(1) Z2C-1 Type ZC-707 2000 Fp Diesel Engine
Nine Fuel 0il Pipes
Three Steam Plpes
One Air Pipe

JE50-1131(2) 7C-2 0il Cooler for Tvve ZC-707 Enzine

JE50-1131(3) ZC~3 Water Cooler for Type ZC~707 Engine

’ One Unit Injector (MoO-1)
Twenty Starting Air Valves (P101-P105)
Two Hundred Piston Rings A-B-C- (CgO3-C3OS)
One Hundred 0il Rings A-B (C307-308)
Four Cylinder Gaskets (113)
Ten Non-Return Valves and Seats M107-HM108)
290 Needle Rollers (215C) (Ell4 - E145)
Two Specilal Tools

JE50~-1131(4) 2C~4 Exhaust Gas Manifeld, Front and Rear
: . Auxiliary Fuel Tank No. 2

Swirl Chamber

Temporary Fuel Pump

Breezer ,

Eight Lubricating 0il Pipes

Three Fuel Qil Pipes

Three Water Pipes

JE50=1131(5) o ZC=5 Main and Auxiliary 0il Filter (J-03)
) Cranking Handle (S=-1)
0il Priming Pump Handle

JE50-1131(6) : ZC Air .Starting Bombs (six)

Instrument Panel )
. Hand Priming 0il Pump

. Nine Lubricating 0il Pipes
Nine Fuel 0il Pipes
Twy Cylinder Liners
Two. Pistons

“Connecting Rod and Bearing
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JU. S. NAVAL TECHNICAL MISSION TO JAPAN
CARE OF FLEET POST OFFICE
SAN FRANCISCO, CALIFORNIA

9 February 1946

From: Chief, Naval Technical Mission to Japan.
To Chief, Bureau of Ships. ‘

Subjecﬁ: Report on Mitsubishi Tokyo fnéineering Company Twenty- .-
Cylinder Marine Diesel Engine ZC 707, Forwarding of.

Reference:: (a) NavTechJap Report - "Japaneée Navy Diesel Engines",
Index No. S=42.

Enclosure: (A) Subject Report.

"l. Subject report, Enclosure (A), written by Dr. H. OINOUYE
and Mr. K. OKAMURA and translated by Mr. M, YOSHITANI, Mitsubishi
Tokyo Engineering Company engineers, is forwarded herewith.

2. The subject engine is being delivered to the Bureau of
Ships, Washington, D.C. and is identified by NavTechJap Equipment
Numbers JE50-1130 and JE50-1131.

3, Reference (a) contains information regarding the subject
engine, which was designed and constructed as a high-speed, motor
torpedo boat, marine diesel, by the Tokyo Engineering Co. at Kamata,
TOKYO. At the time that information was being gathered for the prep-
aration of reference (a), this company was ordered to complete and
test the subject engine and to submit a detailed report thereon to
the U.S, Naval Technical Mission to Japan.

L. The tests have been made, and the results thereof are
contained in the subject report. However, the results obtained during
the tests do not measure up to design performance. In the time allow-
ed, the company was barely able to complete the engine, and failed to
eliminate the various defects which developed during the testing. It
is believed that only study of the actual engine will yield the infor-
mation necessary to evaluate it.

5. Since the test data are inconclusive, general dissemination
thereof as a part of reference (a) is not desirable. It is believed,
however, that this report will be of great interest to the Bureau of
Ships, particularly in view of the fact that the engine itself is now
being shipped to the Bureau. :

T C. G. GRIMES

Captain, USN
CC: WDIT, G=2,SCAP (with enclosure).
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ENCLOSURE (D)

DATA ON JAPANESE DIESEL ENGINES FURWISHED
BY 'THE NAVY TECHNICAL DEPARTMENT, TOKYO

1. Brake mean pressure, piston speed, exhaust temperature and fuel consumption
for typical diesel engines of Japanese Navy, in use during the war.

I-h?in-lt. Brake Fiaton Speed | Exhanst
Type of Engins Cyl, Dia. S"iﬁk' No, of Cyl. ton) tt/ascd  |Temp. (°F)

2 cycla double actg, . )
2| air Mscf,ion diesel | 18 1/2 20 7/8 10 350 7000 ca. M 20,3 40

% cycls single actg,
solid inject, diesel | 16 15/16 | 17 3/4 16 510 2250 38 800

4 cycls aingle actg,.. .
solid inject. diesel |14 9/16 | 19 11/16 8 3% 950 3 L .o

4 cycle single actg.
solid inject. diesel| 5 1/2 77/8 10 1500 | 300 X 1050

4 cycle single actg.
solid inject. diesel |11 13/16 | 13 3/ 6 500 400 n 200

Remaarios:.
1. Cylinder diameter and atroke of piston are cimverted from millimeter to ineh,
2, Figures with "ca." are written from the writer's memory.

<e Zearing pressure of the crankshaft for typical diesel engines of Japanese
Navy. -

+

—
Engine Name | Xax, Combustion Pressure Apparent Bearing pressure Performance Results

'| at Full Load (Pmax,1bs/in?) | of Crankshaft (Papp, 1bs/in?)| for Bearing Metal

No, 2 650 770 No defect was found

. No, 22 - 860 1350 Metals were rarely
- worn out

No. 23 720 850 Quite well

No. 51 , ‘ ‘ 1300 Metals were rarely
worn out

M=400 780 ‘ 1300 Quite well

Remarks: ‘ ‘

. 1. The apparent bearing pressure is the value, the force upon piston due

to the maximum cowbustion pressure divided by both side bearing projedted area.
2. Strict specifications for casting of white metal for both No. 22 and

No. 51 engines were applied. These engines have unfavorable crank-arrangement,

which caused very severe bearing condition.
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¢ ENCLOSURE (D}, continued
3. Diesel engine fuel oils and lubricating oil, which were used by the Japane
ese Navy @uring the war.
Engine Oils

Lubricating Oils

Name of Oil

No. 1
Heavy 0il

No. 2 Name of 0il

No. 2

Heavy 011

Specific gravity
¢] at 60°F

0.94

0.915

Specific gravity
at 60°F

Flashing point
oF

frs

over

176

over

150

Flashing point
oF

Freezing point
CF .

under

1,

under
23

Freezing point
oF

Water content

under

NS . l%

qunder
0.2%

Sulphur content

=
“Under

1.0%

under
1.0%

Viscosity
by redwood

Ash content

under
0.01%

under
0.05%

Ash conteht

Maximun calorific
value (BTU)

over
39500

over

39500

Carbon

Octane number by
C.F.R.

over

30

over
38

Oxidation

Viscosity at 86°F
- by fledwood

under
120

under
30

Saponification
value

1.2

Remarks:

normal dissel engines.
for 2-cycle double-acting
engines, originally octane 45

Generally used for

Only

Remarks:

diesel engines.

Generally
suitable for all

L. Torsional vibrution properties of typical diesel engines of thé Japanese

Navy submarines and other ships.

Name of
Engine

Type Ship in Which
Installed

Displacement
Tonnage

Frequency of Two Nodal Torsional

Vibration (cycle/min)

Torsional Vibration
Damper

1No, 2

Submarine

1950

1200

Oil-cushion type

No. 22

Submarine

965

19500

Oil-ocushion type

No. 23

Coast defense boats

s

Originally oil cushk~
jon type was in-

stalled,
iound not necessary

e 51

Torpedo boat

25

(ea) 000 .

No damper

¥li O

Submarine

320

5350

No damper

Remarks: i N .
1. For all diesel engines which were built Curing the war, critical speeds did

not exist if the dampers were in order.
2, The critical range of torsional vibration occurred {as defined by the Japa-

nese Navy) when the additional stress due to vibiation

e?) in ordinary mildsteel crankshaft.
3. For No. 51 torpedo boat engine no data was found. Frequency above written

is only from writerts mepory.

‘exceeded 3600 lbs/in? (250 kgs/

We have measured the vibration by Geiger's torsiograph,

but could not find any critical vibration, and afterward the endurance was also tested.
Ve believe all ranges safe.
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ENCLOSURE (E)

- REPORTS ON INSPECTION OF THiRTEEN DIESEL MANUFACTURING PLANTS

R LON . * k ok & ¥

o
) PIANT REPORT NO. 1
P ected: Mitsubishl Heavy Industry Co., NAGASAKI.

Date of Inspection: 24 October 1945.

Parties Interviewed: M. KUSANO, Engine Workshop Manager
M. FUJITA, Diesel Engine Designer
-5, TANAKA, Engineering Dept. lManager
A S. SENO, Chief Engineer

Models of Engines Produced: Model No. 23
Model Noe. 51-10

Model No. 51-6
Remarks:

This plant suffered heawy bomb damage from fire bombs. While the atomic
bomb did some damage, the plant was out of operation prior to the bombing of
the city. o

In addition to building the above engines, this company also assembles
casts, and machines some parts of the Model No, 1(5000 hp 8«cylinder)and Mo&el
No. 2(6800 hp 10=-cylinder)engines. These engines, used in the I-Type sub-
marine, are of the two-cycle double-acting type with air injection. Because
of transportation difficulties in the latter stages of the war, it became
necessary to manufacture some spare parts for keeping in operation submarines
in which these engines were installed. It was capable of doing this.

Prior to the war, this company built large engines of the Sulzer design
for commercial vessels, but during the war, it built and installed many tur-
bines because coal for fuel presented no problem, whereas a shortage of oil
was anticipated. The production of engines of all types did not exceed 18
engines per month.

The compound internal combustion engine of the Mitsubishi type has been
under test for some time. The present one 1is the second of a series, the
first of which ended in fallure according to Mr. S. TANAKA, manager of the
engineering department. It was. however, of a larger type and for the past
year, they have concentrated on the smaller size which they hoped to use in
fast {ype patrol craft to replace high speed gasoline engines.

From information given, it was strongly indicated that it was not possi-
ble to develop over 150 hp on account of combustion difficulties. A Gray
diesel engine captured in Shanghai had had the blower removed, and no doubt
a study was being made of the GM blower to discover means of forcing addition~-
al air into the low pressure cylinder. The Ptransfer valve was a source of
trouble because of the high exhaust temperatures of 1200° to 1300° F. 1In
order to produce the designed horsepower of 210, the fuel injection adjustment
was set at a duration of 60C. 1Injection started at 40°BTC and closed at 20°

_ATC.

In the opinion of Mr. TANAKA, and Mr. Saburo SENO, chief engineer, within
three months they would have completed all work necessary to go into a re-
designed engine for production for use in the place of gasoline engines of the
highespeed type. The initial production would not have been large, but it

i
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indicates;the confidence in this type of engine.

The two engines used for experimental purposes have been partially de-
stroyed. 'Considerable work wouls be necessary to restore them to operating
condition. All drawings with tle exception of the cross~section drawlng were
destroyed by fire. This cross-section drawing, together with a translation-
of a paper on the working principle of the engine, are the only documents

available for inclusion in this report.

* ok k ok %

PLANT REPORT NO. 2

Plant Inspected: Fuli-Nagata Zosenio (Fuji-Nagata Shipyards), OSAKA.
Date of Inspection: 1 November 1945.
" Parties Interviewed: Sakae UMEMURA, Managing Director.

Models of Qggines Produced: None
Remarks:

This concern built boats for coastal shipping service and also destroyer
escorts. It does not manufacture Diesel engines, although one attempt was
made to produce an automotive type high speed engine. Arrangements had been
made to secure plans from Austrie, but the plans never reached Japan. Work:
was begun, nevertheless, on such an engine, and some paris had been completed,
.when a bomb. attack destroyed them. The experiment was abandoned.

*® %k Kk Kk Kk

PLANT REPORT HO. 3

P;ggt Inspected: Hanshin Nainenki (Hanshin Internal Combustion Company),
OSAXA-KOBE area.

Date of Inspection: 1 November 1945.
Parties Interviewed: Shigeru KOBAYASHI, Supervisor.

Models of Engines Produceds Fishing boat and cargo boat engines.
Remarks:

This plant made commercial engines for fishing boats and small cargo
boats on orders placed by the Navy through the Shipbuilding Control 4ssocia-
tion or 1ts subsidlary association, the Marine Internal Combustion Engine
Control Association. Both two-and four-cycle engines were built; they did not
incorporate any new or unique features. The reports and catalogues, obtained
froz the plant, show production, types of engines, history, and damage assess-
menve. :

k ok Kk ok %k

RLANT REPORT 1i0. 4

Plant Inspected: Xobe Seiko (Kobe Manufacturing Co.)
Date of Inspection: 1 Wovember 1945.

Parties Interviewed: Mlir. S. KINURA, Director.
IH
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Models of FEngines Produced: Model No. 22
lodel Hoe. 51
15 kilowatt generating set

Remarks:

During the war, this company manufactured Model No. 22 submarine engine
which was rated at 2250 hp. The total number of engines produced was sixty.
In February 1945, on orders from the Navy Ministry, production of tiis type
engine was discontinued, and the last delivery was made in April. Two engines
had completed their tests, and no shipping instructions had been issued prior
to the cessation of_hostiiities. Sufficient material was available to bulld
an additional 20 engines. The Navy Ministry order was issued to enable this
plant to concentrate on the production of the Model 51 engine for which it
was unsuited. The planned production was 20 engines per month, and while con-
siderable materizl was in process, no shipments of this model engine had been
made. The company also built 15 kilowatt generating sets for coastal vessels.

The plant was bombed on 17 March 1945, Damage exceeded 295 percent.

In addition to diesel engines for the Navy, this plant was also engaged
in making shovels, draglines, and deck machinery.

* k Kk k¥

PLANT REPORT NO. 5

Plant Inspected: Osaka Tekkojo (Osaka Steel Works), OSAKA.

Date of Inspection: 2 November 1945.
zarties Interviewed: Iiione
Models of Engines Produced: Not reported (see below).
Remarks: ‘
This concern was rcported by U.S. Intelligence to have manufactured
diesel engines. However, Japanese Navy Engineers report that only coast

defense ships were built here.

A visit to the plant revealed that it was completely destroyed. HNo per-
sonnel were available for interview. :

* Kk X k%

PLANT REPORT 1i0, 6
Piant Inspected: ZXubotsz Kikai Kojo (KUBOTA Engine iorks), SAKAI, OSAKA.
Date of Inspection: 2 November 1945.

Parties Interviewed: ¥N. KUBOTA, Manager.
a S. KAWABA%A, Engineer.

Models of Engines Produced: Navy Type medium speed 400 hp.
105 hp tractor cngilne.
60 hp marine engine.

Remarks:

Both the 400 hp and 105 hp are standard engines, the former having been
designed by the Navy and the latter by the Army. Both the 105 hp end &0 hp
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engines were manufactured at the company's Sakai plant, while the 400 hp was
built at their Wakae plant. All engines were four cycle of a conventional
design, having no outstanding features except as noted. The specifications
for these engines are as follows:

. i

a. Navy type 400 h

Bore $ 5 0 69068 0TGSO ENEGSEITOOOBRRNAIGETSOERES 300mﬂ1 (ll 13/16")
stroke .’. 2 960 5068850 00086508 s080080888008 S 3501]1“1 {13 3/4")
RPM .l.'....;..».0‘050..........l...ﬂ.l...llllQl.t.l.. 430
Cylinders .g..'.......'......'.-'................".-.... 6
Approximate monthly ProduUCTiON eeecosssccecessascsscanes 5

105 hp tractor engine

BOI‘e 0O 8 0 00N S LSS ENEIOSNGCOENCOEIBIERIOCIBSORLIEBOIREITES 130m (5 3/32")
Str0ke GO P NP EBOG SO CEETI IO EOBROCSOPISLIESESEDSSD lbomﬂ (6 3/16")

RPM 0 e 020000000 NSRLNINCPENORIRBEORSSERPREOIREIDROORRCOCTTTS 1200

Cylinders 9 0 8 0 008 08P S0P IOETCESCEEEEN GO PIOGESEOITIAISGIOSBETRYERNOSOSEET

Approximate monthly production secececssscescesscancces 40

: The 105 hp engine is designed with a large capacity crankcase with .
cooling fins cast on the crankcase., This indicated that some bearing
trouble had been experienced and was an approach to the solution.

C. 60 _hp marine engine

BOI‘e 99 0060090 0FEDSEROTIINEANSSCISPOIOSLESIOSTOETS llOmm (4 4/32")
Stroke 000060 EEECO NI BSOCEOIOOPRAELOELENOOEPNPOETTSEDS l40m.El (5 1/2")
RPM ..0..l..‘l.'."'.....'I.'..!Q'I.O...-.l.. 5
Cylinders I EEEEEREEERENENW NN B I I B BB BN B R B R R IR BN B BB B B A B B
Approximate monthly production ccceceescessesscsessss 100

This engine was so constructed that only one cam was used for the
operation of both the inlet and exhaust rockers, and the rocker ection
was excevtionally smocth, At the recuest of the officer makineg the in-
spection, s short test run was made. The operation ot the engine wes
fairly smooth but combustion was not considered comvlete, and a grey
smoke was present in all power ranges, This was due partly to the tvve
of fuel used and efforts made to adapt the engine to this tvre fueﬂ.

During wartime, the Wakae plantf employed about 1000 persons, the Saksi
plant 2600. The latter plant also bullt kerosene engines for farm purposes.
Both plants are intact. The machine tools used are modern, and some attempt
is made at line production.

For the purpose of further investigation, one 60 hp marine diesel engine,
and one 105 hp tractor engine as well as a small auxiliary air compressor have
been forwarded to the Bureau of Ships.

* sk k *k *

PLANT REPORT NO. 7
Plant‘Inspected: Nippbn Hatsudoki (Japan Engine Co.), KOBE.
Date of Inspection: 2 November 1945.

Parties Interviewed: Hisashi KOBAYASHI, Consulting Director.

Models of Engines %roduced: 80 hp gasoline enginé
' ' , ' o Navy type 60 hp englne
Medium speed 400 hp engine
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Remarks:

This concern manufactured two and four-cycle diesels prior to the war
and built the 80 hp gasoline engine for landing craft. The maximum rate on
the gas engine was 20 per month in 1942. 1In December 1944,they were ordered
to produce 25 Navy type 60 hp diesel engines per month but had only produced
-a total of 10 engines by the close of the war. Prior to the war, the largest
engines built here were 700-800 hp, and these were used in coastal vessels.
At the beginning of 1945, it began to build the Navy type 400 hp medium-speed
engine but was never able to deliver this. The plant was 80 percent demolish-
ed. The first damage was sustained during the raid of 17 March 1945 and the
-next in June.

% k ok ok

v PLANT REPORT NO. 8
Plant Inspected: Kobe Hatsudoki {Kobe Engine Company), KOBE,

Date of Inspection: 2 Kovember 1945.
Parties Interviewed: Shokichi TSUJII, President.

Mpdels of Engidgs Produceds: Navy type SSO.Qp-engines.
380 hp semi-diesel.

Remarks:

This firm built the 550 hp and 380 hp engines during the war. Production
consisted of two of the former and one of the latter per month. The 380 hp
engine was a semi-dlesel for use in coastal vessels and fishing boats. The
-550 hp engine was the standard Navy type used in generating sets. Four hun-
dred workers were employed at the Kobe plant to build these engines. In 1943,
a textile plant at KYOTO was converted into a branch factory of the Kobe
Engine Company. This was in response to Navy orders to produce ten 550 hp
engines per month. The first engine under this new contract was completed in
October 1944, but production never exceed one per month in spite of the ex-
ployment of 350 men. This was due, in particular, to the inexperience of the
workers and to the lack of proper supervision.

* 3k %k *k ok

PLANT REPORT NO. 9

Plant Inspected: Mitsublshi Shipbuilding Yard, KOBE.

Date of Inspection: 2 November 1945.
Parties Interviewed: R+ KOKUBO, Superintendent of Engineering Department.

Models of Engines Produced: Hodel No. 1 - (8 cylinder)
Hecdel No. 2

iiodel No. 22

Medium speed 400 hp

HModel No. 24 - (6 cylinder)
Model No. 51-10 :
Meadel No. 51-6

Remarks:
This company has a long record of manufacturing diesel engines for mili-

tary use. The company began to manufacture submarinesengines of the Vickers
type fifteen to twenty years ago; these were 1200 hp engines. Followiag that,

32




RESTRICTED

ENCLOSURE (E), continued

it manufactured three 3000 hp engines.

During the last two years, they concentrated on model No. 22 and the
No. 51 in both the 6 and 10 cylinder versions. From 1941- through 1943, it
built the Navy Model No. 24 which had the following specifications:

Bore ee0eseeeRsssCcLONEROO0RBEROOORECORENSRDS gl()mm (12’3/16")
Omnm (14-15/16")
RPI\'I 2 0 0 8 000 000008000000 0006806000000 0080600000008000s000s0 550

Horsepower 0'..-O.lot-..a.....l..'...éoo.noo.ceo.oo-. 569

Stroke o.o0..l...w.....}....-.0...0000. 3

: This engine was used for generating sets. It was a four-cycle
engine of a type that they had built for some years. Its design charac-
teristics are similar to the MAN engine; it employs solid, jerk jump in-
jection. The engine has no;outstanding features.

- The tremendous effort to obtain engines of the No. 51 type is again
evidenced by the Navy's order to this concern to produce these engines. This
order was lssued to Mitsubishi Shipbuilding Yard at KOBE in spite of the fact
that its experience and machine tool setup were wholly unsuited for producing
small engines with any degree of efficiency.

Prodﬁction at this plant was considerably reduced during the summer of
1945 because of the severe bombing attacks in the area. -

* ok kK k

PLANT REPORT NO. 10
Plant Inspected: Hitsubishi's Tokyo Engineering Works, Kamata Planty TOLXO
Date of Iné%ection: 6 - 10 November 1945.

Parties Interviewed: Hiroshio OINOUYE, Doctor of Engineering, Plant Manager
S. OKAMURA, Engine Designer.
M. YOSHITANI,Head of Planning Department.

liodels of Engzines Produced: Type 97 tank engine
_ B Type 4 tank engine .

“q Standard Army Type 60 hp engine
Type 100 tank engine

Remarks:

Before the war, this concern chiefly manufactured two engines, a 100 hp
engine of the Swiss Saurer type and a 100 hp engine of their own design.
The specifications were:

Swiss Saurer Type Truck engine

Bore 90 00000 CEOEDESIBOCPLIIBNOOOSIGICTRDS llomm (4 9/32")
Stroke [EEEEEEREEREREY NI N NI R AN N I N NN Nl l40mm (5 1/2")
Cylinders .{{oowco-o.eoo-.coo-o..oo-o--.oo.--oo-.oo-o.o

RPM .o-..o..:ooo..oc.e...ol0..'...0....-..'otooo.-o' 2000

This engine was built for the Manchurian Railroad Company for use
in its trucks..
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Mitsubishi 100 hp Automotive FEngine

BOTE eceveovcncssssesescsacensscsescnccssnne 110mm (4 9/32")
Stroke .........V.........'....'..’...'.' lsomm (5 ls/lb‘i)
Cylinders '............'................‘.............. 6

0

RPM S 800 VNOB O 0ED0ROIOBIPINOBOOLEEOBIIDININOREENSITOGITSTTS 180

This engine was a pre-combustion type.

Construction of the above engines was discontinued at the beginning of
the war. The company then begen to build the following engines:

a. "Type 97 tank engine

Bore S CP R0 I0E00IS00A00000000000CCETS 120mm (4 11/16")
Stroke O 0 8 0 OO OO OESPEHO NI SDINSOOELOSES . LR B % 2 l6omm (6 3/16', )
}lorsepov'er ® 9 5 OO O 0P O WO S E ST E S OOSE PSSO O0OCTEEEDIPSSECEISe RS 170
RPM .V............‘.......'.-'.'....'.."..."l..‘." 1700
Cylinders ® ® @ 00 00800 T O U E OO SO P T O SO0 N S OO SIS CSSESBEIIES v 12
Air cooler 3 0 8 ¢ 6 O8O0 OSSO NP0 ON8ODIOTLTENDSE direCt injection

Txge 100 tank engine

Bore .I.Q.O.Q.....l...Q..Q..Q..l...l..l. 12% (h 11/16"
Stroke 8 0508500820 PDE S SN0 O OHBOLENN S s léomm (6 3/16"
HOI‘SE‘pO\"]er B O 00 O Ve OO OO0 ¢SSP0 E OO OO ORS00S0 8RS OCE NS e e s 240
RPIﬂ ..'.'.Q.Q.....l.;.Q.Q.....‘....‘.....0....‘..... 2000
Cyllnders .l'....."."'..'....'l."".".'o.."'t..V12
Pre-combustion chamber
Air cooler
. The total production for these two engines was approximately sixty
to seventy per month. -

c. Production for Standard Army Type 60 HP engine for use in landing
craft was approximately 100 per month.

Limited production had been begun on a V=12 Type 4 tank engine, and two
pilot models were completed. (These were commandeered by the U.S. Army for
shipment to the United States for further study ) The specifications are:

BOTE cacesscensvasossnosnarssansssanssses 145mm (5 11/16")
Strohe .l..'l.C....C....l..'...........'.. lgomm (7 1/2”)
HOrSEPOWED sccasssscnsasssssnsissscssscnsssvseassesasasss 400
RIJI‘J ..........Q....l....'...'.'..'.'l.‘....'.I...-I' lboo

Cylinders 6 0TGNV TR RTROENOCDOEECOOCO LIRS OISIBDTIITETEIOINLTS V—12

The engine was built with superc.srger and is air-cooled. The boost
was 320mm of mercury and produced 500 hp. The engines were to be used in
the army's largest tanks, the Type 4.

In April 1944, the company began experiments to meet the necessity for
a high output engine to be used in high specd motor torpedo boats. Admiral
KONDO collaborated with Mr. OKAMURA in the designing of a 20 cylinder V-type
engine with the following specifications:

Bore cesssssssesresssesenassnst et e ns 150mm (5 15/16")
Stroke " CP OPLLIP LD EEEIISIINLINEILIEITOES 200mm (7 ?/8")
RPM ® S 0P SO OO ECEPLPNOOIDI SN R LSNPS 1600 - hp 2000
RFM 6 T RS 0O B 0O LO NN TOETLELINOLeLIEETCESS 1450 hnd hp 1500
CYlinderS LR AN A B A L BN A B IR R BN I IR A B K B R B B B IR B L g —-c

Dry Weight PP LB LT CLON PO LPEILLOEL T I GEEEY S l0,000 lbs.

CYCLES ecvcesssccsccscssssssassonsnssscsesassonssnssassnne &
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Tests of a single cylinder engine of the above type were started in
July 1944. Test data for the 20 e¢ylinder engine has been forwarded to
the Bureau of Ships (see Enclosure (C)).

A 10 cylinder engine of ‘the same type was also planned. Pilot models
were already under construction. )

This factory appears to be the mosc modern diesel plant in Japan with
the highest rate of horsepower per man production. The thoroughness of the
development and tests of the above experimental engine is indicative of the
caliber of 1its engineers. It is estimated that approximately 2500 persons in
this plant were engaged exclusively in building of dlesel engines.

= *k ok Kk kX

PLANT REPORT NO. 11

Plant Inspected: Kanegafuchi Diesel Industrial Co. (Formerly Nippon Diesel
Company), SAITANMA Prefecture. :

Date of Inspection:s 7 Hovember 1945.

parties Interviewed: Hisao SHIBATEL, Director.
Helzaburo HIRABAYASHII, Chief Engineer.

Models of Engines Produced: Standard Army 60 hp engine
' Standard Army 90 hp engine

™ : Standard Army 125 hp engine
Standard Army 165 hp engine

Remarks:

This firm under the name, Nippon Diesel, manufactured small diesels
before the war. During the war, it was sold to the Kanegafuchi Company, a
large textile .interest. 1Its total output during the war, was contracted for
by the Army and its engines were used in trucks, tractors, bulldozers, etc.
only. The enzines were of the Krupp-Junkers opposed-plston type. The firm
manufactured englnes and chassis for these unlits. Of the engines listed above,
the first three were built with the same bore and stroke and in two, three and
four cylinder models respectively.

Specifications are:

Bore ot;ol.uo.ooloo.o...o.oo'l.o..to'l-OO.o 85mm (3 3/8")
StrOKe G 80 0ioeeseeensssectess 8008000 en B0 2lem (8 13/32")

RPM LR NN A NN R N N N N R I R N R R R RN NN 1500

The 165 hp engine was .a four cylinder type with the following specifica-
tions: ‘

Bore S e PO P VP PSP EESLEOBONGEOESINEVLEIEOSEIBELOEOTDLDREESE losmm (4 3/32")
Stroke * P S0 OEPIORNGEELINBIOEOPITOLERDIEE NS OB OENIONLOTLETLIETS 240mm (9 13/32")

RPH S 0B GO E LB OLERB LIPSO IPEOLOQEEIIBNNNEOBOEERRBLEEDRSS 1500

Their total production was about 5000 hp per month. During the war
those persons working on dlesel construction exclusively nunbered approximate-
ly 2000. The plant is entirely intact.

The manufacturing facilities of this plant were not in keeping with the
design of engine they were endeavoring to build. Shortly after the first air
raid, ‘they started to disperse their equipment in order to save it from de-
struction. Little of the machinery was in operative condition and those
machines remaining were in the process, of being shipped. It is further in-
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teresting to note that this plant was in an area which had not yet been bomb-

ed. In spite of this fact, they went ahead with dispersal as a precautionary
measure.

* ok K ok Kk
PLANT REPORT NO. 12

Plant Inépected: Ikegal Tekkojo (IKEGAI Steel Works)

Date of Inspection: 12 November 1945.

Parties Interviewed: XK. ISHIKAWA, Plant Director
Mr. KUSAMA, Director of Engine Department
S. KAMAKI, Head of General Affairs Department

Models of Engines Produced: Type 23, 900 hp submarine engine
E 400 hp medlum speed submarine engine
80 hp four cylinder kerosene engire
55 KVA generator engine

Remarks:

This is a very large concern and is one of the principal machine tool
manufacturers in Japan. Two of its plants, however, were devoted to the con=-
struction of internal combustion engines. The Tamacki plant in TOXVO was
chiefly used for the construction of the 80 hp kerosene engine for use in
landing craft and for the servicing of Ikegei diesel engines., The Kawassaki
plant, on the other hand, was engaged exclusively in the manufacture of die-
sels, Before the war, a falrly complete line of marine engines for civilisn
use in fishing bosatsg, etc. was built at this plant. Since the outbresk of
the war, the comneny bullt exclusively for the Navy. During the last several
vears at the Kawasakl plant, and prior to the bombing attacks, its production
averaged about one 900 hp engine and one 400 hp engine per month, The Tema-
chi plant averaged about 30 kerosene engines per month. £bout 1000 workers
were employed at the Kawasaki plant which was partially destroyed., Much of
the machinery had already been dispersed.

* ok ko ok %

PLANT REPORT HNO. 13

Plant Inspected: Hitachi, Ltd, Kameari Works, TOKYO.

Date of Inspection: 113 November 1945,

Parties Interviewed: G. YUASA, Plant Superintendent.
H. SHIBUYA, Designer.
- Y. SHIMIZU, Interpreter.

HModels of Engines Produced: V-12 air-cooled tank engine
: V-12 water-cooled marine engine
60 hp water-cooled tractor engine

Rémarks:

This concern, a heavy industries company, begen work in diesel construe-
tion and design in 1937. At the outbresk of tke war with Chine, the corpeny
began manufecturing for the army exclusively, According to Mr, YUASZ, the
plant superintendent, qualified diesel engineers were vervy scarce st that
time. Ae a result, the company did practically no experimental work of its
own but rather accepted the plans drawn b»y the army. Outside of certain
modifications on the ahove mentioned engines which were mede to fecilitrte
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production, no originel work has been done by this compznv, #nd sll of the
above engines are standard a2nd of conventional desien,

- During the first part of the war, the company concentrated on the stand-
ard army V-12 alr-cooled diesel engine for use in tanks. Their average pro-
duction reached 12 engines per month. At that time, they began construction
of the 60 hp water-cooled engine for tractors. In 1943 they went to work on
a water-cooled V-12 engine of the same specifications as the vank engine.
This latter engine was for-marine use and was contracted for the ermy. They
continued to bulld one or two 60 hp engines per month, but their main effort
was centered in the water-cooled V-12. Productlon reached about 20 engines

per month,

1

It was estimated by Mr. YUASA that of the total workers employed at tie
Kameari plant, about 1500 worked exclusively on diesel engine construction.
With production occasionally as high as 5000 hp per month, the rate of lorse-
power per man per month was approximately 3-1/3. From American standards of
production, this 1s extremely low production; from the Japanese standpoint,
however, HITACHI is one of the most efficient plants in Japan. .

At the time of inspection, the plant was intact, but production was
practically shut down on account of the dispersal of machinery which had start-
-2d early in the year. Operations had not yet begun in the new location.

5
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ENCLOSURE (F)

PORT ON INTERROGATiON OF DIESEL DESIGHN
PERSONNEL OF THE NAVY TECHNICAL DEPARTHENT.

* ok ok ok Kk
Agency Interviewed: Navy Technical Department, Navy Ministry.

Date_of Interrogation: 10 November 1945.

Parties Interviewed: -Rear Admiral KONDQ, Chief of Design and Engine Construc-
tion.
Commander KONDO, Diesel Engine Production Head.
Mr. NAGANO, Chief Designer, Tokyo Office.

Remarks:

This interrogation was for the purpose of gathering information on design
developments and operation of diesel engines in the Japanese Navy. Pertinent
facts brought out during the interrogation are as follows:

In answer to a cuestion reletive to the resson for tke stoppine of pro-
duction of Model No. 2 engine, Admiral ¥0MDO stated that the continued full
load operation of the engine developed weaknesses that peecetime operstion
did not uncover. The cracking of the cylinder head covers and the inability
to cnol the pistons and piston rods properly were the chief factors. FHe elso
stated that inexperiencsd srngineroom crews were 2 soptributing factor.

When asked what was done to replace these engines in submarines, Admiral
KONDO stated that the Model Nos. 22 and 23 which were simpler in design and
easier to manufacture were substituted. It was alse true that both of these
engines were easier to operate and easier to maintain.

When questioned about the consequent sacrifice in speed, lLe stated that
it was necessary to accept this loss in speed in order to gain the advantages
of continued operation.

In answer to a question concerning the use of syntretic oils, he stated
that oils made from pine ropts and soya beans were used. The pine root oil
had a tendency to gum the injection system, but when soya bean oil was used,
no such troubles were experienced.

Regarding the use of aluminum or other light materials by the Japanese
Navy for engine construction, he stated that the aircraft industry had first
call, and no effort was made to reduce the weight of engines by the use of
this material.

Admiral ¥ONDO was questioned on the amount of research con diesel engines
undertaken by the Japanese Navy. He stated that practically all experimental
work during the war was cariried out by private concerns with such help as the
Navy could supply. He further stated that the experimental station was chief-
ly concerned with the testing of synthetic oils for use in diesel engines.

When questicned in respect to the compound diesel engine developed by the
Mitsubishi Company at NAGASAKTI, he replied that this matter was brought to
thelr attention and upon going into the matter thoroughly, he did not feel its
chances of sucess warranted Navy participation but gave them permission to
proceed with the understanding that the findings were to be submitted to the
Navy Technical Department. ‘

The Type ZC Mltsubishi 20 cylinder experimental engine was discussed.
He stated that he had collaborated with Mr. OKAMURA, the Mitsubishi designer,
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ENCLOSURE (F), continued

1y

on this engihe.

The guestion of experimental work on diesel engine operation on a closed
cycle with supply of okxygen was put to him. He stated that these experiments
had started seven years ago and had not reached a succesful conclusion. No
attempt had been made to install this system of operation in any of the sube
marines. According to him, research on this problem was abandoned during the
war. At that time a serious explosion had taken place, resulting in injuries
to personnel, and the experiment was abandoned.

When questioned concerning the installation of Model No. 11 in the sea-
plane tenders, TAIGEI and CHITOSE, he answered that these ships would not
develop ‘the desired speed. No further attempts were made to install diesels
in large combatant ships.

When asked about the use of gasoline engines in some of the smaller craft,
he stated that thils was necessary because of the lack of an acceptable diesel
engine of the horsepower required.

Upon being questioned about the three man submarine, he said, "I guess
you would call them sulcide subs!" During the interrogation, Admlral KONDO
was at all times cooperative, and wherever possible, all information required
was furnished. .




ENCLOSURE (G)

Table I{G)

RESTRICTED

FUEL COMPARISON TEST ON TYPE ZB~35 SINGLE CYLINDER DIESEL SNGINES

Kinds of Fuel 0Oils

(Data in #nglish units)

Octane No.

Sp. Gravity (15°C)

Sanga~-Sanga gas oil

53

0.8002

U.S. Navy

0.8404

Japanase Navy heavy oil

c.a. 4O

0.8910

Japanese Army gas cil

c.a. 40

0.862

(for tanks)

Injection duration in partial load running: va.ri,és as follows:

Injection timing lever is fixed at 16° B.T.C. as shown in data. (This
means)that the beginning of injection is 16 B.T.C. at middle rack posi-
tion.

Inj. ends
(before T.C.)

Inj. begins
Load (before T.C.)

2/10 0 10.50
L/10 U5 9.5

6/10 " 15 8okt

8/10 15.6 7.2
10/10 16.2 6.3
12/10 17.0 5.3

13.3/10 18.0 4.0

Combustibn ChAMDOL eecoseencecsccscsassssssacoscossssasctsscsnsccsssssccee Direct injection
coohrlg L R R R R R Ylater cooled
Scavengixlg acsccosacessasasessssesccscsesnssncscssnasassssscsssssass Overhead exhaust valves

Uniflow scavenging, 2 cycls

Bore ..;00...0.'.l.O..l.‘t"..t.".l..l..l-‘.ot.o-...l.oluccl.lclol.t.olioootnlcoln 591 ln

Stroke IE RN ER R RN N R NN N RN EENNENNEENNLEXNEENENER RN KX R LN NEENENXNNENERNNENENLINEINEIENENNEIEN] 7.88 irl
Disphcment volme BB OOCOIOGSCOREPPCPD 8 0008000003000 0002000060008 55088000600060800000a3ss 4 216 irl3
Actual compression: r&Li0 cecscsccscccoscsccccosncsssccscscscecssacnsensscnncs eessssaee 1345
No. of e:d’lau.st Valves 0000000000000 0000000 nsctestontetitncssnseceseosnssssnsacessssss l%
Dizmeter of exha.ust port @esseceereesresassessrecesteecesccrerrunsesesseseeseusen 1-69 in
Scav' pOI‘tS PP L O 0P IDIPIAFRICIOOPE LRI OSPIN0IOOCCEIPOIOITRTTTS 3 TOows Oi‘ 0'331& in di«a- pOI'tS
Injection pUmMpP = PlUDNEZEY esveacesscoccsassssnssvsossssesnsasnasssssssonsncssasase Oel3ly in
OrifiCe cenveerrncctscctsssssosacanceca eevee 001420 x 4 x 1400

Scavenging DlOWETr cccessssescassenrcssssssessssssssss ROOLs-blower driven by electric motor
Timing = scave. open & ClOSE ceessssescsrssscscscscasassesosnsscassss 49.5° B.B.C. & A.R.C.
must-open ..............G....0........‘..ll..b.......l‘.....l.l.l BOOBB.\II

ClOSE eceesaccssassossssassncssensseasavcnnscossaseans cesess 46O A.B.C.

mjection @00t cusesscstrecttsncctetrcscssesscestocceneo 160 B T.C. at Output lO/lO
Lubricat:.rlg oil @00eesEENITRNIRINSISIOSTESILILIOESEEBRITRTTRES Rafiinate heaVy (S A.E, YNo. I;O)
(Chosen Sekiyu K.K.) :
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Table I(G), conti

Engine
RPM

Kinds of Fuel Oils

Brake Mean Effective
Press., Pme 1ba/in®

Fuel 0il

Injection Timing Lever
Before T.C. deg.

Conaumption
Be lbs/hp=hr

1 Sanga-Sanga

160

0.615

2 U.S. Navy

16°

0.643

3 Je. Navy heavy cil

16°

0.69%

'l U.S. Navy

160

0.654

5 J. Army gas oil

16°

0,651

1 Sanga~Sanga

16°

0.458

2 U.3. Navy

16°

0.481

{3 J. Navy heavy oil

160

0,520

L U.S. Navy

160

0.491

5 J. Army gas oil

160

0.509

1 Sanga-Sanga

16°

0.416

2 U,S5. Navy

16°

0.438

3 J. Navy heavy oil

160

0.459

L U.S. Navy

160

0.429

5 J. Army gas oil

0.428

1 Sanga-Sanga

0,392

2 U.S. Navy

0.437

3 J. Navy heavy oil

0.%25

4 U.8. Navy

0.410

5J.Amvgasoil

0.412

0
\h

1 Sanga-Sanga

0,382

2 U.S. Navy

0.406

' 3 J. Navy heavy oil

0.424

4 UsS. Navy

0.398

5 J. Army gas oil

0,402

EIFIEIE

1 Sanga-Sanga

0.3&

2 U.S: Navy

C.397

3 J. Navy heavy oil

0.400

4 U.8. Navy

0.378

5J.Ax_-myga.soﬂ.

0.389

1 Sanga-Sanga

0.3%0

2 U.S. Navy

0.379

3 J. Navy heavy oil

0.405

I, U.S. Navy

0.376

EIR|B|E|R|B|B|&|g

5 J. Army gas oll

0.385

B
(V]

Navy

0.410

Navy

G.39%

3|8

Navy

0.382

3
W

Navy

0.405

&

Navy

0.410

g
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‘ . S-42
Lybricating 0il Cooling V(?g;t)ar Temp, Scavenging Air Zxt: ust Gas
Pressure (1bs/in2) Temperature (°F) Pressure |Temperature |- Quantity Back Preas,
’-L_;::l:r'l Beér:-i;!g Cam Shaft | Inlet of Outlet of in. of Hg s;’rr:z.:s?ank) Ca get;:mﬂ?ifoﬁ T?;.
Piston etc, |Press. Pump | Scav. Pump Inlet | Outlet op lbs/sec | 1bs/cycle
3k 2 w7 151 122 129 Tk S T2¢ 0.206 | 0.0L451 0.4 363
T . L3 158 160 163 167 7.7 U2 0.2, | 0.01515 0uls 79
2 A 154 156 W6, | 165 8.3 138 0.218 | 0.01525 0.6 385
26 15.7 153 154 162 163 7.7 7 0.218 | 0.01525 0.41 37
25,5 17.1 149 151 156 156 7.6 133 0,209 | 0.01503 0.31 362
X4 26 134 135 128 133 12.7 138 0.264 | o.ows 0.80 455
28 17,1, 1s8 160 165 168 . 13.3 5 0.274 | 0.01534 0.55 w0
28 17.1 155 157 164 166 13.1 U2 0.268 | 0.0150 0.6 192
30 18,5 153 155 163.5 | 165 12.3 15 0.266 | 0.015 0.47 L92
31 18.5 152 154 158 158 11.7 136 0.268 | 0.0150 0.47 478
40 26 10 hTAR 133 138 15.0 U2 0.300 | 0.0150 0.9 st2
28 18,5 160 162 162 167 1.6 151 0,302 | 0.0150 0.8 572
31 18.5 | 166 168 162 167 15.8 TR 0.302 | 0.0150 0.85 552
31 18.5 156 158 164 167 15.0 X4 0.302 | 0.0150 0.7L 568
31 21 154 156 160 161.5 13.4 TA 0.302 | 0.0150 0.59 552
41 25 Ly 5 138 U5 17.3 153 0.344 | 0.01555 11 €15
31 18.5 156 164 160 169 19.2 158 0.336 | 0.0152 0.9 665
31 18,5 160 162 160 167 19.2 154 0.33% | 0.0L51 0.9 650
31 18.5 156 158 164 167 18.4 155 0.33 | 0.0151 0.95 636
31 8.5 155 158 163.5 | 167 - 17.7 w7 0.334 | o.o151 0.70 €36
33 22 w9 150 46 153 24.2 173 0.370 | 0.0155 1.3 722
31 18,5 153 164 156 166 22.3 71 0.358 | 0.0151 L1 755
.5 28,5 18.5 154 16 158 167 23.2 149 0.361 | 0.01515 11 e
31 18,5 150.5 162 158 167 21.8 169 0.36L | 0.01515 L.l 725
.5 30 18.5 159 161 160 167 21.8 165 0.361 | 0,01515 1.03 718
32 19 154 155 153 162 25,4 188 0.380 | 0.0150 1.38 807
31 19.9 151 163 154 165 26.6 185 0.392 | 0.01528 hIA 829
31 17.1 151 164 151 167 26.3 189 0.383 | 0.0153 1 225
i 18.5 us 161 156 165 25.6 185 0.383 | 0.0153 118 e
- 31 18,5 150.5 161.5| 156 165 25.4 187 0.388 | 0.0153 1.36 730
32 22 151 162 169 171 27.8 198 0.388 | 0.0148 1.39 %09
31 19.9 150 163 153 165 27.0 191 0.39% | 0.01495 1.6 02
31 17.1 U9 163 153 167 29.7 203 0.405 | 0.015%4 L5 875
31 18.5 U8 160.5| 154 165 28,2 196,5 0.405 | 0.0154 .42 840
N 31 17.1 150 161.5| 155 165 28,3 201 0.416 | o.0158 1.5 322
30 17.1 158 166 149 158 22,2 183 0.364 | 0.01515 10 638
31 18,5 o 21.9 17¢. 0.361 | 0.0150 1.0 ol
.—3;— 23 3 15 153 165 21.9 164.5 0.364 0,01505 1,0 716
31 18,5 149 12 156 265 22.7 198 0.368 | 0,0152 1.1 755
3 31 18.5 U9 162 158 167. 22.4 198 0.368 | 0©.0152 1.1 761
41
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ENCLOSURE (G), continued

. Table 11(G)
FUEL COLPARISON TEST ON TYFE ZB-35 SINGLE CYLINDER DIESEL ENGINE
(Data as Recorded in Metric Units)

Sp. Gravity

Test No. ' Kinds of Fuel Oil
' 150¢ | 350¢

16 Nov.|Banga-Sanga gas 611 . 53(0.8002(0.7863

16 Nov.|U.S. Navy 0.8404 |0.8275

16 Nov. Japanese Navy heavy oil c.a. 40]0.8910{0.8766

17 Nov.|U.S. Navy ‘ 0.8404]0.8275

17 Nov.|Japanese Army gas oil for tanks 0.8620]0.8488

*Performed after timing test

Lubricating 0ll .cee-tvivrrvvecevasoncnancnesessnsass RafPinate Heavy (S.A.E. No. 40)

Chosen Sekiyu K.K.)

Scavenging D1OWEr ceeeecsccscsssscnscsocansssss ROOLS=blOower driven by elecfric motor
Timing - 3caVv. 0PN & ClOBE sivetececectoonenesesenonscscocsesss 49.50 B.B.C. & A.B.C.
EXRAUSE - OPON suvsersttoncosesioscsesosorssoneonsnossnansoeneess 8360 B.B.C.

ClOSB tecsvevssrvscotssensencssnssassesenssnnsensonvnnee 469 A.B.C.

Injection at output = 10/10 ceveeevseeecsoccecccecncanecnssonnens 160 BuT.C.

13 3/10 ciieeerereenresnnnconannnanncannass 189 B.T.C.

Combustion chamber *evresrsssscrrrestrssrensssarsesssccnsssceasssssss Direct injection
COOLINE eovecrononesnnsanoncnncosanossosenetsnosenssionesnsnoesenscnnensss Water cooled
SCaVENZING ¢ioeancucocnnreseinvessasserasercencsnconsseasesse Overhead exhaust valves

) Uniflow scavenging, 2 cycle
Bore R R I T T S B 1o e

Stroke AR R R R R R T I T T T R 2Q0mm

Digplacement VOLUME ceeservocsecssnen soneonesonnsesesonssssnensneonnsnnnn. 3.534 1it

Actual compression ratio Peressetorrcracantsetesorstar et saresensessssseaccana 13,5
No. of exhaust valves S e e e e e r et et s e et o s e s st et et et st et o0ttt anetacecnoennse. &
Diametsr of exhaust port R I T T S A 2-. +.
SCaV. DOItS ceserecetecrooseccososvsnsecscrcsssssanancenss 3 rOws of 8.5mm dia. ports
Injection pump - plunger et seerrtsarecesnseatn st csttersrsressesessecnccnnses llmm &

OPLfLCe teitenesenrventeivesssorssonsnsonecsoncrnansnanass O.36mm X 4
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St

Kinds of Fuel 0ils |Torque Injection Timing | Rack Position Inj
- (m-kg) Lever (B.T.C.) {mm) - |sec/0.1 1t .

.| Sanga-Sanga = j12.7 .16

U.Ss Navy.” 12.68 16

Japan N. heavy 12.85 16

U.S. Navy 12.17 16 .

T.A. ges oil 12.55 16

Sariga-Sanga 21.4 16
U.S. Navy 21.35 16
.J.N. heavy oil 21.48 16

U.S. Navy - |21.48 Co6

J.A. gas oil 21,48 i 16

Sanga-Sanga 28.6 16
U.S. Navy 28.68 16
J.N. beavy oil 28.68 16

1U.S. Navy " 2803 ’ 16

o Teasgas o1l - [28.68 . 16

-Sanga-Sanga © o 135.4 16
Y.S. Navy 35.4 16

J.N. heavy oil 35.45 | .16
U.S. Navy - - - |35.51 } - 16
J.A. gas oil 35.55 16 .

Sanga-Sanga a2 16

U.S. Navy 42.1 - RN 16

-| T.N. ‘heavy oil " [42.11 ’ " 16

U.3. Navy 141.9 216

J.A. gas oil 41.173 16

| Sanga-sSanga - 47.8. = L 16-

U.S. Navy 48.3 16
J.N. heavy oil {47.8. 03 . . 16
U.S. Navy 147.7 - : 16
7.A] gds oil ClarsT , 16

Sanga-Sanga. -, |52.6 16

lv.s. Navye - - - 5204 16
13.3/10 J.N. heavy oil - {51.6 ; 16
. U.S. Navy 51.6 T

J.A. gas oil . |51.45 ©16

U.S. Navy 39,9 ’ 20

¢ ;1 U.S..Navy 40.8 - 18

|U.5..Navy. i 417 : T

U.S. Navy 41.4 14

'T.S. Navy o av.2 . 12




“Table TI(G), continued

=

Cooling Watsr

Lubricating 011 Temp. {°C}
Faed Pgessure Pressure '!.‘empg’»‘ﬂﬁ‘ﬂ‘e
ke /eme) (ikg/Bm? (oc} ) ;
Pe2 Cyole nad | 1k punp | kg Py | o eeg e | e [oem Sare Bec | ToIet 0 T eaoniiet o TTelRt of] tmec | cuties | Zressure
164.0 55 T 79 Tk T8 5.8 %6 0.4 1351 53 695
104.0 . 0.6 1.4 36 1.6 1.0 70 71 68.5 73 75 195
10546 33 1.7 1.0 68 69 67.2 73 74 2107
-102.5 & )} 0.6 1.6 - 1 1.8 1.1 617 68 61.7 72 72.5 196 -3
102 0.6 1.6 33 1.8 1.2 65.5 66 67.2 |5 59 192
131.5 0.6 2.0 .30 2.8 1.8 57 57.5 70.0 53 56 324;
131.5 0.6 2.2 37 2.0 1.2 70 71 65.8 74 75.5 336"
134.1 0.7 2.7 34 2.0 1.2 68.5 69.5 68.7 73 74.5 3322
134.5 0.8 2.3 36 2.1 1.3 67.5 68.5 64.8 73 74 312}
136.5 037 . 2.4 .33.5 2.2 1.3 67 68 68.4 70 70 2951
159.5 0.6 2.4 31 2.8 1.8 60 60.5 69.7 56 59 381 |
161.0 0.6 -~ 2.6 38 2.0 1.3 n 72 69.8 72 75 3703
158.7 0.75 3.4 35, 2.2 1.3 . 69 70 68.9 72 15 4025
156 0.8 2.9 36 2.2 1:3 69 170 65.7 ] 73.5.} 15 380, |
153 0.7 2,8 34 2.2 1.5 68 69 68.7 71 12 X
- 186.5 0.6 2.9 32° 2.7 1.7 62 62.5 69.8 59 82.5 ;
191 o.7 3.1 39 2.2 1.8 - 69 73 J66.4 7 75.5 487"
194 0.75 3.7, 36 . 2.2 1.3 n 72 65.1 |71 75 4503
186.0 0.8 3.2 3. 2.2 1.2 70.5 72 66.3 72 15 46T
182.5 0.8 | 3.2 " 35 2.2 1.3 68.5 70 64.7 73 15 2498
219 0.65 3.2 34 2.3 1.5 65 65.5 66.6 | 53 &7 516
220 0.7 3.4 4 2.2 1.3 67 73 67.1 |69 74.5 568
215.5. 0.8 he2 37 2.0 1.3 68 73 65.9 10 75 53%
211 0.8 3.7 38 2.2 1.3 6 72.5 67.0 t10 |15 554"
209.5 0.8 3.5 36.5 2.1 1.3 70.5 72 65.4 |n 75 55738
247 0.65 3.k 36 2.2 1.3 67.5 68 67.7 | 61 72 6453
247 0.7 3.8- a 2.0 T4 66 72.5 66.5 |58 7. 672 3
232 0.8 “he5- - 38 2.2 1.1 66 73 67.4 &9 75 668 .
231 0.8 4.2 39 2.2 1.3 6445 71.8 67.6 |69 74 651
231 £ 0.8 3.8 39 2.2 1.3 60 12.5 68.2 69 76 643 °
277 0.65 | 3.5 43 - 2.2 1.3 66 72 67.9 |70 7 707 3
266 0.7 3.9 42 2.2 1.4 65.5 72.5 66.9 67 74 685
252 0.8 L7 39 2.2 1.3 65 72.5 67.8 68 75 7517
248 ‘0.8 Lo2 40 2.2 1.3 64.5 71.5 67.5 68 74 ns
247 0.8 el 40.5 2.0 1.2 65.5 72.5 64.2 | 68 74 718
125.5 0.7 3.8 38 2.1 1.2 70 71 64.2 65 70 564 °
123.4 0.7 3.8 36 2.2 1.3 64.2 558 .
122.1 0.7 3.8 34 2.3 1.6 62 63 642 |61 |78 5565
129.0 0.7 3.7 40.5 2.2 1.3 65 72 62.17 69 74 576 4
130.0 0.7 - 3.6 a 2.2 1.3 65 72 62.4 70 75 568

43
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M Viater -
{cc) > : Scavenging Air _ Exhanst Gas

jf': Outlet | Pressure (ps) | Temperature | Pressure Refore Preasuﬁjehng]f?:rle&zgir Intake Teg — [Quantity | Quanuity Per Back Fressurse Tasxpe\:a:izre

- (mmHg} (tg) (9C) Ori’f%;;Agg-Pl) (Pz'Pl) (mmAg) erature (YC) | (kg/sec) | Cycle {gr/cycle) itg)
189 60 42 ; 85 17 9.0935 5.6 IT 18T
195 . 61 42 ’ 95 20 0.097 6.88 10 153
210 - 59 . 52 92 - 19 0.099 6.97 12 196
196 64 56 92 18 0.099 6.97
192 56 .60 91 18 0.095 6.83
59 10 ) 17 0.120 6.73
63 80 ] 20 0.124% 6.98
3 60 . . o 19 0.122 6.82
63 85 - 18 0.121 7.11
58 w87 18 0.122 6.82
61 - 90 17 0.136 6.80
66 B : o 20 . 0,137 6.82
64 - 19 0.137 6.83
64 : . 18 0.137 6.83
18 | 0.137 6.83
67 i 17 0.156 7.06
10 . 20 0.1525 6.90
68 19 | o0.152 6.87
18 : 0.152 6.87
64 ' 19 0.152 6.87
18 B 18 0.168 7.05
-7 . 21 0.163 6.85
76 19 | 0.164 6.8¢
176 ’ . ' 18 0.164 . 5.89
74 19 0.164 6.89
86 ' 19 0.173 '6.83
85 ' 21 0.1783 6.94
87 . ) ; 20 0.176 6.95
85 ' 18 0.176 6.95
86 . 20 0.176 6.95
92 . 20 0.176 6.72
90 21 0.179 6.81
95 20 0.184 7.60
’ 19 0.184 7.00
94 20 0.189 7.20
84 : 19 0.166
80 ' : 18 0.164
. 18 0.165
92 ) ‘ 21 0.166
92 _ 21 - 0.166
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ENCLOSURE (H)

. 'REPORT ON EXPERIMENTAT. COMPOUND DIESEL ENGINE*

“Le vastract3“"
- The compound:internél'COmbustiop engine of “tne Mitsubishi type works in %two
‘stages of pressure, ive. both of compression and expansion process.
These prodeSsesféregdivided into two stages of tine different cylinder such as
high-pressure'and'lpw-pressu:ercylindeps. ‘ :

AThe:cylindefweiemenf of the ehgine»c@nsists of One‘twc-CYble“low rressure’
cylinder and two four-cycle high-pressure cylinders and-achieves remarkable
‘working :by making a special cycle. . .

'II;;”Explahatién'ofithe Working Process.

The workihg:prbcess:is shown in Figure 2(E).

III. Remérkable’Feétures;

‘At this time, the gas transfer valves on both high-pressure cylinders are as
shown in Figure 2(H)II; open at the dead center of the L.P. piston; that is
.to say, at the end of. suction of one high-pressure cylinder and the
beginning of exhaustion of another high pressure cylinder, and all the fresih
alr that remains. in the gas transfer ports is poured into the high pressure
‘eylinder on-the suction side. - ‘

~This_engine Willrffoduce remarkable features. that increase output more by
"taking advantage cf -thls gas effectively_for its combustion and working.

Iv. Experiment. . . o .
" 'The partié&larsvfor,the'éxperihentalvepgihe,are:
ng,f Lo T _‘; "Type l'C'%%%vx %%% '

High Pressure Cylinder.

‘Diameter of cylinder Doceereserancecesonsossocceannnsaeanseess 100mm
'strokeof piston s .,lo.!v.l.IQ...‘..‘..I.‘I....il...‘_.l‘l..l’.. zoom.m
'%vNo..of'set,.-"..Dl.vib'.l.PI.;"..l‘lIll.l‘..D.O.‘.I...l...ll......l'l..l.l
-RéMolutions per minute n ®eereerecesvenscesssnsesnsssioansess. L1500
Mean effective ‘pressure Pme *eeveamcssonescosessarrestrcrancasnns &
.Brake horse. power BHP Serssetsenentsessecasresnsasassanannccane 210
Weight wton.?--’-......q...-..-...‘..........‘.._..-.......... O.6 ton

Length of engine L eeecseececocsocacacacasaeens . 60Cmx
Helght of engine H (from crank center).eceececeo.. eeee. 920mn
Breadth()fengine B .O_."l.'.lb».l.ll.'..l..‘l.lll.n'.l'vci..k- 580?‘11
rO0verall height s.e.cciiuneiiireereeeserosnoesosansencennannns 1,150m

1,'the:.ﬂDaﬁaifor Low Pressure Cylinder same as above except for
© cylinder diameter of 200mm and piston stroke of 250mm,

“'*Prepared by Mitsubishi Heavy Industry Co., Nagdsuki.
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: Figure 1(H)
HIGH SPEED SUPERCHARGED COMPQUND EXPERIMENTAL ENGINE
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ENCLOSURE (1)

TEST: DATA ON ZB 39 SINHGLE CYLINDOR EHGINE
FOR TESTS CONDUCTED ON 1 JULY 1944 AlD
COMPUTED VALUES FOR 2C 707 20-CYLINDIR ENGIWE
(Table of equivalent load characteristics of ZB~-35 reduced on ZC-~757)

Propeller load characteristics of ZC-707 (20-cyl. Engit :).

-1 ‘Output RPM B.H.P.

. 2/10 850 300 Partial load
4/10 1070 600 Partial load
6/10 1220 900 Partial load
8/10 1350 1200 Partial load
10/10 1450 1500 Continuous ruaning allocwed
12/10 1540 1800 | 1 hr. (in type-test 3 nr.)
13.3/10 1600 | 2000 15 min. (in type-test L hr.)

Mean effective pressure in Z2C-707: B
' Pui = Pue+ Pmb+ Pof

Where Pm = Indicated mean effectlve pressure
Pme - Brake mean effective pressure
Pmb= Mean effective pressure required to drive scavenging blowers
(measured in experiment).
Pmf = Friction mean egfective pressgre (by presumption).
=1.5 kg/em® = 21.3 1bs/in

Output | RPM | B.H.P. _Pme Pmb Pmi
Kg/cw?2 |1bs/in?|Kg/cm? | Kg/cm? |1bs/in?

> —

2/10 850 300 2.25 | 32 0.85 4.60 | 65.4
4/10 1070 600 3.56 | 50.6 1.11 6417 | 87.7
6/10 1220 900 4,58 | 66.9 1.34 7.52 | 107
8/10 1350 1200 5.66 | 80.5 1.58 .74 | 124
10/1¢C 1450 1500 6.58 | 93.5 1.74 9.82 | 139.5
12/10 1540 1800 7.45 | 106 1.89 10.84 | 154
13.3/10 1600 2000 7.96 | 113 2,08 11l.44 | 162.4

3. 2ZB=35 should be tested under the condition that Pmi (indicated mean
ive press) 1s the same as 2C~Z07. :

Friction mgan effective pressure of ZB~35 measured. by experiment is Z.4 Kg/cma
(34 1lbs/in=). This is fairly high because 2B-35 is a single cylinder engine
and has many accessories such as a balancing weight chamber, feeding pumps for
fuel oil, two gear pumps for lube 0il, cooling water pump etc., Vhen the
seavenging blower is.driven by electric motor, the output of ZB-35 will be
determined as follows: .

‘ = i = 7B_Pmi | ZB Pme
Output RPM g 1bs/in? | Kg/cm? | 1bs/in2

2/10 | 850 65.4 2.20 31.2
4/10 1070 87.7 3.77 53.

6/10 1220 107 5.12
8710 1350 124 6.34
10/10 1450 139.5 7.42
12/10 1540 154 8.44
13.3/10 | 1600 | 162.4 9.04

47
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Figure 1/1:

o ZE35 SINGLE CYLINDER DIESEL FUEL CONSUMPTION
Avl) EXHAUST GAS TEMPERATURE
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.?35 2 o
54 EL
4 &4 e
U g A& 3
;,‘ :
o o 1 == oW L [P o D -]
YRR : IS CTE Ol S ARG PR
Al 5 B8 |582|38 |85|85 |#35[|a55|28
Te15 | 1200 | TIL/b5h ok | 0k93 | 8945|210 | k8 | 73.5 |12 |30.5)3
. 1625 | 1400 | 7151/465.0 | 0,511 | 88.41) 207 | 55.2 | 72.5 |11 26,313
Saturday -
1 July 1944 | 1630 | 1600 | 7162/475.5 | 0.519 | 884} 207 | 63 72.5 |11 |22.5) 4
-Atmi press.
298 in. Hg. | 1634 | 1600 | 7171/455.0 } 0.55 |10 | 259 | 79 90.6 |129  119.214
_Rocm.temp. .
86%F 1637 | 1600 | 7179/493.0 | 0.649 {132 | 310 | 94.5 [ 109 | 147.5 {16465
Start-1610 s
i 1640 | 1600 | 7185/499.5 | 0,708 |143 | 336 |102.5 | 118 |156.5 |15.26
1643 | 1600 | 7193/507.1 | 0.747 |54 | 362 |110.5|127 |165.5 {106
1645 | 1600 | 7195/512.9 | 0.787 | 165 | 388 [133.5 136 |174.5 |13.0(7
1650 | stop | 7207/520.6 A
1,10 850 | 7308/622.1 {0,354 | 37.5| 9L5} L.e | 32.1 | 70.5 |65.8
1415 | 1070 | 7318/631.8 {0,405 | 662|155 | 3L.5| 5k.5 | 93.0 .02
e : 422 | 1220 | 7330/643.6 | 0,491 | 8.4 | 207 | 48.3| 72.5 {11 |29.3]3
|2 guy 1984 | 1427 | 1350 | 7341/654.3 | 0.550 |109.5) 257 66 90.1 |128.5 |23.0
| 298 in. Hg 1430 | 1450 | 7351/168.5 | 0.621 [128.5| 302 | 83.3 | 205.9 |k  |18.4
Room temp.
82,6°F 1435 | 1540 | 7367/680.6 {0,700 |46 | 342 [100.5 (120 (159 |15.3
Start-1400 .
0 | 2600 | 7379/683.2 0,789 1157 | 367 U2 129 1167 |34 17
ks | stop | 7387/701.2 ‘

BOre esdesccsecs 509 in
Stroke eoeesce 7.88 in
Potal volume . 216 ind



Fuel Consumption "~ [Fuel Fress. ‘ Tub 0il ] Water
‘ Pressé Temp., (OF) Temp. {°F)
(1b/in<)

te Be in lb/hp hx
cycle

Injected Quantity of
/

Fuel per Cycle g

Fuel Temp. After Prim.
Filt, ty; in OF

BEst, Indicated Fuel
Consump, Rate Bi in

1b/hp hr
After Primary Filt.

in3

E

fs Pty in 1lb/in2
Before Secondary

Filt. Pty in 1b/in?
After discharging

pump t12

Before circulating

pump tw

Before charging
Weight of lub, oil

pump tl;

Pressure Py in

OQutlet of eng.

Net Fuel Consump,
twe

sec/0,02642

.gallon

B
5
b 3
3
P

0.0101

0.00995

¥
N
3
N

g

0.0102

8
o

“lo.0119
|o.0128

8
o

4

0.0151

B

0.0163

B

0.0176

0.308

"0.299
0.306

| 0.304.
0.313
0.326
0.339

R

‘Nozzle
0.01495" x 4 x 140!
(edge removed)
pump No. 3




1

]INLER ENGINE

Water Scav. Exhaust Gas Flow Meter
Q‘l‘emp. (°F) Air (oF)
) : : " 3
a A A 2 w0 w | 32 I3
Tole A s A el [EET 3| 5 1s
@ o g o? 5 2519858 | 5 ‘ 8
E % (1] 4‘-‘1, [0)] o 0.5 0.5 2 -5 ;‘E
b5 | » | 2 ] » ] 5 @ o |38
Bo | 4 @ 2 a g 51 24 aaN | &% x -
N [ g [ 5 ~ [VI | o | g ‘_3 >
B8 | BE | fw|8 | Ew & | 3| kaife |25 A |22
15he3 | 156 16.5 | 124 1.3 | 568 1.93 | 7.45 {88.7]0.298] 355
»8 165 21.5 {133 1.69 | 607 2.60 | 10,15 | 88.7 | 0.347 | 410
67 167 26,4 | 147 2,01 658 | # 3,27 112,68 | 88.7 1 0.384 | 450
T0.5| 170.5 | 27.1 | 161.5| 2,09 | 764 | *¢ | 3.27 12,68 | 88.7 | 0.384 | 455
72.2] 172.2 | 27.8 {174 | 2.16 | 857 3.23 | 12,5 |88.710.382 L5
72.2| 172,2 | 27.8 | 180 2,12 907 3.31 [ 12.75 | 89.6 | 0.387 | 450 |
b7 169 27.7 |18k 2.12| 965 3,31 112,9 |91.510.387 | 450
$3.5 | 169 27.8 | 188 2,08 | 1017 3,31 | 12,95 [ 92.4 | 0.399 | 450
&
615 | 161.5 | 10,65 125.5| 0.98 | 320 | % | 1.1 | 3.7 {86 |o0.212{253
$3.5] 164 16,3 |127.5 ] L.14 | 374 1.57 | 5.40 |86 0.254 | 315
%9 169 17.4 |134.5| 1o3 | 446 | % | 2.09 | 7.65 {87 ]0.315| 260
W2.2 | 172.2 ) 19.8 {143.5( L.77 | 564 | * 2,52 | 9.35 187.8 | 0.334 | 390
%9 |170.5| 23.3 |161.5] 2.08 | 653 | x| 2,95 11,0 |€9.6 | 0.360 | 420
BT 167 269 [179.5]| 2,36 717 | * 3,34 12,5 (91,510,380 | 445
70.5 | 172.2 | 28.7 | 196 248|798 |+ | 3.58 |13.0 |93.3|0.386 | 455
# Slightly grey blue
## Slightly blue
w Slightly grey
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guantity
Apparent excess air

Gn in lb/cycle

Rev, of roots blower

Residual fresh charge '
A in 1b/cycle

True excess air ratio
Charging air ratio K

Ne in RPM

Flow per cycle Gs in

Theoretically re-
1b/cycle

quired air”

Flow G in 1lb/sec

0.00435 | 0.0149 | 0.00946
0.00426 | N, 01482 | 0,00783
0.00437 {0.0144 | 0.00785
0.,0051 {0,014, |0.,00985
0.0059 |0.0143 |0.00976
0.00645 |0.0145 | 0.00970

[ ]

13
X
B

W
.

&
p
W
o

0,0070 10.0145 |0.0098

0.00735 |0.01456 | 0.00975

001495
0.0142

0.01486
0.01482
0.01488
0.01479
0.0145

= G5 - A
A= Sl =

) Gg
Wt. of atm. air with vol, of piston displ.






