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SUMMARY

ORDNANCE TARGETS

HYDRAULIC PUMPS3
IN JAPANESE NAVAL ORDNANCE

f Hydraulic pump motors used in Japanese ordnance are all of conven-
tional and well known desilgn. They are known to the Japanese mostly as
"Johnny" engines - a probable corruption of the name "Williams-Janney" engines.
They have no high speed (over 1000 RPM) small or large pumps except the 3600
hp turbo dlrect drive, ilmpeller type pumps used for the 18" turrets of YAMATO
and MUSASHI. These pumps were designed and the pro*totype pump for YAMATO was
built in Switzerland by Brown Boveri. Theilr normal speed 1s 3700 RPM,

All data given in this report are liable to be revised after trana-
lation of the numerous documents sent to the Washington Document Center, since
a vast amount of research has been done by the Japanese 1n recent years, both

. on hydraulic engines and the flulds used as pressure medla. The only fluids

. 80 rar known by the author to be used in Japanese naval ordnance are: the
standard mixture of ‘distilled water and Argolene oil for 14" turrets and above,
and mineral oil for 8" turrets and below.
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Location of Target:

Kure Naval Arsenal.

Various warships, 1nciud1ng BBs, CVs, CAs, and DDs.

Nevy Technical Department, TOKYO.

Naval Technical Library, YOKOSUKA.
Japanese Personnel who Asslisted 1n Gathering Documents:

Commander ICHINOCI, Formerly IJN, Navy Technlical Department, TOXYO,
Jepanese Perscnnel Interviewed: \

Technical Commander KUDO, Engineer Officer, Navy Technical Depart-
ment, TOKYO,

Mr. T. OTORI, Engineer, Ordnance Department, Kure Navy Yard.
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INTRODUCTION

The object of the investigation was to obtain general particulars
of the various hydraulic engines and hydraulic fluids in use by the Japanese
for naval ordnance., Details of small, high speed (over 1000 RPM) hydraulic
pumps were particularly sought. A list of questions on all types of hydraulic
engines was prepared and given to Mr. OTORI, who has long been concerned with
the design of hydraulic pumps and motors. The tables of data in Enciosures
(B) through (L) are his answers to these gquestions. A large 'number of engines
were inspected by the writer at KURE during the course of investigations on
various mounts. Certaln of the data in these tables were checked by transla-

* jtion of the nemeplates on the pumps themselves. The information on the turbo
driven pumps fitted in YAMATO and MUSASHI was given by Cmdr. KUDO of the Navy
‘Technical Department, TOKYO. Few details were available concerning these
pumps, but as they were designed, and one of them built, in Switzerland, full
details can no doubt be obtained from that country. Two 500 hp training en-
gines, similar to these fitted in YAMATO and MUSASHI, have been sent to the
United States. A number of the smeller pumps and motors will also be avail-
able for inspection on the various mounts shipped to the United States. Fur-
ther, a vast amount of detail will be available efter translation of the num~
erous:documents which were collected at YOKOSUKA and sent to the Washington
Document Center.
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THE REPORT

A, TURBO-AYDRAULIC PUMPS

The only turbo-hydraullc pumpsa used in Japanese Naval Ordnance were faor the
18" turrets in YAMATO and MUSASHI and ane trial pump in BB HIYEI. These
pumps and the turblines driving them were designed by the Brown Boveri Com-
pany in Switzerland. The first aset was built by thls company and sent to
Japan; the remainder were built 1in Japan at the Hiro Navy Yard from the same
designs. The pumps were driven at turbine speed and were of the two-stage
impeller- type. Conventional, combined speed and pressure, oll operated gov=-
ernors were used. These appear to have been very satisfactory, and very
11ttle trouble was experienced in keeping a steady delivery pressure when
changing suddenly from "no load" to "full load® conditions.

The fbllowing tebulation gives the essential detalls of the turbinese and
pumpse:

Number of pumps per ship ....... 4 (1 per turret, and 1 standby)
Shaft horsepower of turblne
NOYMAL occveccescssanssssassscsrsssssessoscsccscoscssascsctas 3600
Overload cescascsesesnassostccessseseob s et
Steam pressure (frdm memory; probably not‘rellable)
BEfOTe CHEBL cvvssseccesescassscsscanssacscnsess 284 lbs/m2
Chest PreSSUI'® ....ccevreesvessvssaccsrscorcnsscacs 227 lbs/m2
.'Speed of turbine and pump
‘ RPM (NOTMAL) coceveeosvensecsoesacassssnacascaasassass O7C0
RPM (0Verlodd) ...oeeeeseccscscscsssssoss 8PProximately 4000
Welght of turbine (incl. bed and aux. machine) .... about 9 tons
Type Of DUMND esev--rascoecssocsscsassccccsce centrifugsel impeller
Number of pumps per turblne ....eccsocceeeccscccccsccnccnsscss ONG
Number of impellers Per DUMP ecocesssssas-a-es 3 (2 first stage)
Diameteg of impellers, 1st stage .c..civcicencencencacnes 17,73
'Total weight of main turbine, pump, and bed ...... about 20 tons
Capacity of pump
Cublc meters Per NOUP c.ccecescescccccsssscesessascees L100
Cublc feet DEr NOUT eeccessossssoscscscscsscsnsssens 59,850
WOrKANE DPreéSOUTE eeecsscvcscoscesscesncstosccsasasnnas 1000 1bs/m2
Diémeter of suction pipes (2 per pump) .. ee. 14.97"

Diameter Of AELLVETrY DIPE eoveecccscsscncvsacssssacanees 10.244"

7
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B.  SIEAM REQIPROCATING FUMPS

Reclprocating pumps were fitted in the older battleships and were similar to
those used in British 15" turrets. Some data on these pumps sare given in En-
closure (B). Enclosure (C) gives data on various "B" ends used in 14, 15,
and 18" turrets. In NavTechdJap Report, "Japanese 18" Guns & Mounts", Index
No. 0-45(N), the author stated that the speed of the 500 hp_training engines,
when the turret was being trained at its maximum speed of 2°/aec, wae 53 RPM
and that his figure could not be confirmed. In the data in Enclosure (C) of
this report;, the speed of these engines is given ss 250 RPM when developing
603 1 hp, 350 RPM when developing 704.3 hp.  These figures are reputed to
have been obtained during test bench trials. Two of these engines have been
shipped to the United States. If further trials are run on them, it may be
found that their characteristics are such that they are able to produce their
power at elther of the speeds with a corresponding variation in torque.

C. BELECTRO-HYDRAULIC PUMPS

Data on these pumps is given in Enclosure (D). A number of these pumps were
inspected but none was stripped for examination since drawings showed them to
be of conventionsl design. Various pumps fitted to mounts which have been
sent to the United States will be available for detalled examination.

In 8" and 6" turrets, it 1s the practice to fit two independent but similar
sets of turrets pumps, either of which 1s capable of meeting the demsnd for
pressure at full load. The discharge from the pumps 1e led into an accumu-
lator and thence to the ring main. In 8" turrets two accurulators are fitted
and one 1s fitted in the 6", (See Figure 20, NavTechJap Report, "Japanese
Naval Guns and Mounts, Article 1 - Mounts Under 18" ", Index No. 0=47(N).)

In 12.7cm (5") mounts and below, the usual practice is to fit one electric

motor driving two "A" ends (at opposite ends of the main shaft). The "a"

ends supply pressure to twoe standard "BY ends for elevating and tralning.

- If an ammunition point is incorporated in the mount, as for example in the
10cm Type 98 twin mounts, an entirely separate power supply 1s fitted, hav-

ing its own electric. motor, and "A" and YB" ends.

D. FLUID3S AND PRESSURES

In 14" turrets and above, a mixture of dlstilled water and Argolene oil
(known to the Japanese as lathe 0il) in the proportion of 5tons of water to
10 liters of o1l 1s used as the pressure medium. In all smaller turrets and
mounts, No. 2 mineral oil is used. The working prgasure in the power systecs
of the smaller mounts is between 300 and 400 1bs/m~. In 8" turrets it 1s 500
lbe/m2. 1In order to save weight in the 6" turret,the pressure was increased
to lOOO_lbs/mao Thie pressure is also used for all 14" turrets and above,
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NavIechJap No,

ND21-3403

NDS0-3633

ND50-3634

ND50=3655

ND50-36 36

ND50-5692

NDB0-3619

ND21-3411
ND21-3406

ND50-3614

ND21-3404
ND50-3612

ND50-35654

ND50-3655

ND50-3657

ND50-3658

ND50-3659
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ENCLOSURE (A)

LIST OF DOCUMENTS FORWARDED THROUGH ATIS TO WDC

ATIS‘No.

3636

Title

Report on counter measures agailnst break-
down of hydraulic motors in 16" turret of
BB NAGATO (1940).

Report on research on recoil cylinder
liquids and leather (1931).

Report on. experiments on 9 cylinder type
of hydraullc motors (1930).

Notes on hydraulic control velves and mat-
erials used (1930).

Report on experiments on "U.T.*® type hy-
draulic motors (1930).

Report on oil cooler trials for 20cm (8")
turrets (January 1938).

Report on variable speed gear oils,
Report on hydraulic bufrer experiment.

Report on trials on non-inflammable turret
olls (1943),

Report on anti-freezs ("Cold Proof") hy-
draulic fluid and oil meters (1941).

Report on recoll liquids (1939).

Experimental report on recoil liquids
(1930).

Test on the amount of o1}l pumped by number
35 hydraulic pump in moving Z0cm turrets
(1931).

Static pressure drop, due to the resig-
tance of valves, cocks and streamlining
in oll systems, using Number 2 outside
mineral oil (July 1935),

Research on types of o1l for ordnance
(Marech 1930).

Experiments on the verformance of hydrau-
lic control valve after modificaticn to
remove "gelf centering" effects when ele=
vatl?g at full and half speeds (December
1938).

Notes on design of No. 3 electric hydrau-
lic engine (September 1930).
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ENCLOSURE (4), continued.

NavTechJap No, ATIS No. : Title

ND50-3660 4146 Report on experiments on frictional resis-
- - tance of oll in turret preseure systems
(November 1930).

ND50-3661 T 4147 Test on recoill liquids (1830).

ND50-3662 4148 Research on using oll as a buffer at low
temperatures (November 1943).

ND50-3663 4149 Report on efficlency of 200 hp swash plate
hydraulic engines (January 1533).

ND50-3601 3629 Report on countermeasures for leakages in
‘ hydraulic systems 1n magazines of battle-
ships.

ND50-3641 Report on comparative efficlency of 3 ey~
' linder hydraulic englnes, before and after
repairs necessary due to use over long per-
1gdg)ror losding 36cm guns in HYUGA (May
1933) .

.ND50-3643 Report on efficency of 7 oylinder hydraulic
fammsg engine for 36cm guns in BB KIRISHIMA
- (1935). :

ND50-3645 Maintainance and repair of training valves
. for 36em turret in BBs HYUGA and ISE.
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ENCLOSURE (B)
Unit 650 HP 450 HP
: (Reciprocating) (Reciprocating)
Engine Engine
HP | Nominal HP 6560 450
Water HP 654.2 477.9
RPM 110 110
High Pres- | Numbers 2 2
sure Steam
Cylinder Diameter mm 419.1 (16.5") 368.3 (14.5")
Low Pres- |Numbers 2 2
sure Steam. -
Cylinder Dieameter mm 838.2 (33,0") 711.2 (28.0")
Pump Diameter mm 214.63. (8,45") 187.96 (7.4")
Dia. of Piston Rod mm 152.4 (6.0") 132,08 (5.27)
Stroke of Piston Rod mm 533.4 (21.0") sos (20")
Delivery of Water ? ?
Steam Maximum kg/cm? ? ?
Pressure
Working kg/om? ? ?
Exhaust kg/cm> ? ?
Delivery Pressure lb/in2 1000 1000
Pipe |Suction mm 279.4 (11") ?
Dia-
meter | Delivery mm 127.0 (5") ?.
Steam. mm 127.0 (s") ?
Exhaust nm 190.5 (7.5") ?
Design Armstrong Co. Armstrong Co.
Ships Fitted on NAGATO, MUTSU=5 FUSO =4
: I3E, HUGA=5 YAMASHIRO=§
FUSO, YAMASHIRO, KONGO, HARUNA,
KONGO, HARUNA, KIRISHIMA =3
KIRTSHIMA=1 each

each
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ENCLOSURE (C)
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