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PERSONS INTER- Mr, HAROU NIIYAMA, lManager of OGIKUBO plan c%
VIEWED Nakajima, :
UMr, TAKIO KOTANI, CHief Designer of Hakajzba Engine
Company i
Mr, TYOICHI NAKEJIUA, Designer of Homgp engine.
Mr, SHIGEHITO UEDA, Chief of Expenggpntal Engines.
Mr, YOSHIO INOUE, Reduction geardisr gner,

INTERVIEWING Cormander J,H. Morse, Jr., U.S{
OFFICERS Major A.E. Petaja, A.C, Res
. Major R.L. Jackson, A.C.
Captaln T.W. Howard, A.C. S.

|. .l.' %
BRIEF OF MATERIAL G eneral design andk§§:£lopment of Nakajima Engine

DISCUSSED

: The OGIKUBO plant of AKAJIMA ENGINE COMPANY is at
present the headquarters of ine design personnel of the com=-
pany. All of the men intervi pd been with the company for at

1925, They are considere best qualifed personnel awvailable to
furnish information on N a engines, There was no indication

of reticence or relucts to furnish information requested and the
information so furnisied™is believed reliable. S ERTENS

least 10 years and most of th since the beginning of the company in
%m

. The Na \'ﬁa Enginé Company is.one of the two major engine
companies of In general its organization, procedures and me=-
s P ¢

theds, reclat S the government and with other companies very
closely pa eY those of the major engine companies of the United
States, neral the Nakajima company tended to fadllow the organi-

zation #hd licies of the Wright Aerorautical Corporation from whom
they ved licenses for production in the 1930's, At the time

enses were bought, several Nakagima personnel, including the
chief designer, Mr, Kotani, spent severgl months in the United States
under inStructian at the VWiright Company. :

Li.T.1.G. Report No., 45

DECLASSIFIED

Authority ﬂﬂD_ML—
By "—.&‘1-.:'.”':‘??" “”j—ajn qq/ .

Archives of Michael Williams



Hi@;ﬁC}hB,f:ECyéﬁﬁq

The Nakejime company undertook developments for the
government by two different methods. In the first method the govern-
ment set down the general design Teatures of a desired engine, leav-
int the detesiled design to the companr engineers, In the other case
the government left the entire design and development to the company.
In g eneral it was considered that the Army tended to leave more of
the cdetails to the engine manufacturer than did the Navy. The
Nakajima engineers did not have a very high regard for the engineering
abilities of either Army of Navy personnel, However, they were
frequently required to accept service decisions in engineering
matters, This situation had annarently resulted in consiferaE}
friction between the company and the Services at times. <:> ;

The company engineers emnhasised the differgnce in
policy and reguirements between the Army and Navy. Thew# differences
had been particularly apparent at the beginaing of tﬂz)war. ‘A= an
example, it was stated that at the beginanlng of t r only 50% of
the engine accessories were interchangeable betw rmy and Navy
engines, At the end of the war some ccoperati g anmarent and the
percentage had increased to 90%., The Army aﬁEﬁ!evr hed never con-
solidated their inspection frces and each E{{D ce had maintained a
complete inspection groun in each plant retically they were
supposed to cooperate and unify inspec oCEPbut practically there
was very little cooperation evidenced nspection even toward
the end of the war. Q:J

For specifications t ompany was furnished common A=N
general engine and type test Eg%;ﬁcations. Detail specifications
were proposed by the company S&@ he general design of an engine
had been determined. The pqggp ed detall specification was then
discussed in conference D n the comnany and the interested
service and the specificatIn finally aphroved much as in American

practice,.

In the accesso ahielﬁ'thé zoverncnt furnished sore assessoriles
and the engine 1Y turer furnished others s2g in American practices,
The manufactur mq!ggnished carbureters, oil pumps, and gun synchro-
nizers, o nent furnished mgnetoes, starters, fuel pumps,
igh pressure oil (hycraulic) pumps, propellers,
alcohol and snark plugs.

The coripany retained little responsibility for the
remedy of* service difficulties. It a-peared that the comnany would
have preferred to engineer its own service problems, but that the
services, perticularly the Navy, insisted upon incornorating their <
own service remedies. The comnany did maintain a service organiza-
tion of anproximatély sixty men who were available for assistance

to the services in any theatre of opcrations considcred necessary.
Remedial parts for service cdefects were menufretured by the company
and distributed and installed by the services unless they requested
company assistance for this work.
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all engine comnanies iIn Japan, the Nakajima company
was going to fuel injection rather than carburetion. However, their
fuel injection system wes of the low pressure type which in effect
wags a variety of speed density carburetion ith injection of fuel
Just before the impeller entrance. Operating pressures were about
14 pounds/square inch at the pump and about gﬂ%‘nf this value at

the injection point. Efeveral advantages werc c¢laimed for this system
over carburetion. Sone of these advantages weret elimination of
ieing hazard which had apparently been an imnortrnt trouble with the
previous carburetors, correct metering during maneuvers, .and

use of fuels unsuited for -carburction. Apparently the comna

very confident of the non icing qualities of this system a

they had run no tests other then ground operstion in lanc ig
during cold weather, No icing tunnels were available, gnd no ex-
periments had been run involving injection of moisture to the in-
take system, Toward the latter nart of the war the ssgy and Navy
had insisted that the company adopt fuel injection reference

to carburetion becsuse of the ranidly ceterioratj ality of f1els, A
considerable amount of flight test exnerience een accurulated
on this system and the comnany was going into production at

the end of the war. Semples of this-.syste being returned to
the United States by the Technical Air Inﬂ%}. genee Group.

-

Vhile carhuretion was in ehgézz, only float carhburetors
were used, It was claimed that therqé;: little difficulty in
acd justing carburctors or in holding-wmefering within required linits.
The Nakajima carburctor was desi o nermit adjustment of the
main metering valve from outsi ich enabled adjustments to be
nede relstively eosily with §g§§§r uretor installed, The nozzles
of this tyne were arranged e the barrel and surrounded by hot
0il eirculated from thc en « 1t was cleimed that the Bendix
float cerburetor would noX v¥rk on Japanese airnlanes because of icirg

It was nlaQ;l- that ice was encountered in all parts of
Japan in winter montisWith float type cerburctors. Llthough the
icing problem was pgn¥ral no large scele studies had been nace of
this problen, arg wes concludecd that the statcments reolative to
lcing werc theA\rcwult of long experience of the company plus the
usual amountiof “acarsay associated with the ieing problem. Other
than the sninner injection and hot oil heating of float tyne
carburcter he only means of combatting carburetor ice was prcheat.
The he ise on nost airlanes was between 15 and 40 cegrees C,

with fegree rise as average.

The company stated that the corrosion problenm was 2lways
present with water injection systerms or tanks, although not serious.
Injection was automatically used akove B0% normal rated power because
of the low gracde fuel used. Fluid was injected into the impeller
channels from an annulsar groove in the back of the inneller., The
injection rate was controlled by boost pressure. The tanks and
systens were kept filled with water injection fluid (507 alcohol for

- Y
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colt weather and 30% alcohol for warn weather). Keeplng the systen
wet helped prevent corrosion. Chrone nlating was tried as a corrosion
preventative but wes unsuccessful, Bakelite vanes were tried cxnerl-
rnentally but werc also abandconed, Ordinary fuel punps were used as
water pumps and it was found that thdy did not corrode if kept filled,
Whenever the punps were not filled they were imnersed in a mineral
0oil. Thesc punps were a copy of the Pasco G 6 or G 9 end were
furnished by four different Japanese nanufacturers,

Ignition systems were considercd one of the wetkest points
of the engines, Difficulty was encountered with alnost all » cs
of the equipnent, particularly the spark plugs, No 5atisfachg; park
plug was ever available, Plugs which Aid not foul at low | S
were too hot for high nowers and crused preignition. Plugs ich did
not cause preignition fouled easily. High oil consunptisn.which was
another difficulty of Nakajime cngines, contributecd t = plug
fouling troubles. There was no cdesign Hr detachable &Qﬂitim-leac‘s
although the idea had been consicdered. Udagnetocs cistributors
had been pressurized exrerinentally by utilizinggﬁg fischarge fron
the vacuun punp end prssing the alr through a 1§ tage o0ll separator,
It was clained that oll was completely elini ¥ from the pressura
izing air in this manner. 4 low tension ig tn system wns in the
design stape, but had not yet beenluilt. sins considered that the
standerd ignition systen was satisf ct p to 10,000 neters
(32,800 feet) and the above that alti ow tension ignition would
be necessnry.

The Nakajima company Q;ﬁned ant built two turbo super-
chargers ahout five years ago Eg;} t that tine the scrvices were not
interested and the project wagix e’, 'Then interest was epain
aroused in turbo superchargime ¥he o jority of the work was done by
the Hitachi and Ishikawnj ompanies, MLs a result the interviewed
engineers were not very f°Nzjliar with the lntest status of turb.
superchargers. Howeve t was known that Nokajima hacd macde 5 four
engine long range bﬂﬂﬂaﬁs, KI 87, CAIUN, equinped with Hitaehi super=-
charpgers on the He 47 engines, These vlanes hed nade several
flights but no D arger cata wrs nvail~hble becruse they had been

gﬁﬁg isfrctory operntion of the rogulator.

uncble to obtg{\z
e Xompany was apdlying nost of its exnerinental effort
near the the war to the develooment of a three speed two
stageA§SE§?ﬂ, the Ha 45-44, Parts for two of these cngines hod been
builtom®™one engine assenbled, This assembled engine had been
rmotopa ver nnc binding of the supercharger parts hnd been cetected,
It hnd been torn down for inspeeticon when ncace wes declarcd, Since
no mofels of this enpine had been run it is impossible to check the
Nekajims estimates of 1910 trke off HP and 1530 HP at 26,300 feet,
Since the displocement of the engine is only 2185 cubie inches,

this cstim~te rating is probobly very coptondetic,

In general the company experienced the mne difficultics
with its supercharger clutches as are encountered in aneriea,

- -
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Sludging wags, prevelent, .. crecper type of sludge elininator wvery
similar th the Pratt & Vhitney design was adopted to help the
situation., All clutehes were of conventlonsl plate design, The
Vulcen hydraulie drive was tried but elimin-ted when the adfitional
heat rejection to the cil was considered excessive,

' The cooling drop require” for most engines was 150rn .
of Hs0 (6 inches), but this drop was not always provided by airplane
manufreturers. A4S a result the engine end airplone company werec
frequently arguing over cocoling problens, The rear spark nlug
gnsket limiting temperature was set as 230 degrees C, for ccnti@EES'
operation, Cooling fons were to be used with 21l Ha 44 noce
engines, A1l troubles with cooling were attributed by the neers
to the Bilurc of rirplane menufreturers to incornorate the coulred
cocling drop. .The €ompany had rcluctantly dropped its oeess of -
gosting shect aluninun cocling fins into the eylinder-hwefs, This
decision was made beecnuse of production difficultie E;)The process
was slow and required expensive steel nolds which 4%}& easily dennged,
To meintain production it hed becn necessary 1 fetice to uwse
approxinately 50% cylinder heads with fins coginiM tho usual manncr.
The east sheet 2lunminun fins had been in pro&ésaﬁmn for apiroxinately: -
the past three years,' It was clainmed that £hFsheet aluninun fins
had resulted in rear spark plug g-sket tgmye¥etures 15 degrees c
lower than with conventional hears und ¢ sane operating conditions

A two speed nose design Jﬁv-unfer test just before the
end of thewar, but had friled af “GSPD hours of operation, No
further tests had been underta%aw fore the end of the war.

Conpression rati 20 been refduced Auring the lest
three years fron 8,0 to 7,0(Mgd in sonc cases 6.7 becruse of the
deerensing quality of fue]@p

Naka jirmg S;é grent decl of bearing trouble, Like the
other engine conpanlgshehey haéd scttled on the Kelmet type, 30%
1ead constructicn,~fo¥ the major part of heir bearings. Ball bear-

ings were used ercharrers becouse of space limitaticons only.
Experiments hri§ n mace with silver bearings, but these hod been
unsuccessf hin lea? flash had been apnlied to a lot of 500
engines, he process hnd been eliminated on the basis of results
with theee ™ugincs, hen the supply of bronze beenne eritienl,
atten ere nade to use aluminunm alloy bearings, but ecxporience
soon ated that for highly loaded bearings the Kelnet type was

cssentinl., Materisl shortages apnorently cdictated few design
changes, the usual procecurc being to abancon a design rether than:
nodify it to incorporate substitute nmaterinls cxtensively.

V.lve overlaps were low, about 38 degrees, Experinents
with hydraulic valve tanmets hnd boen eonducted about 5 years ago
but abendoned when results were not successful, Few experinents
with overlaps of more than 38 cdegrees had been conducted.,

P
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Piston rings were o continous sotirce of trouble, prinarily
fron breoken oil rings and hirh oil CQHSUHﬂtiGH. The piston ring
difficulties had not bobn eliminated at the war's end, although
plston scuffing enccuntered during the first part of £h5 wer had
been cured by nocdification of the plston. Sone trouble had been
experienced with compressior ring breskage, particularly at high
speerds, Chrome plated east iron conpressicon rings were used, HNo
difficulty was acdmitted from feathercd rings, although it 1is not
clesr thot this question wes thorcughly understood in tronslation,

Vibration daming was in aceccordance with the usua rht
lLerconautical prectice with a2 9th order torsicnal demper cn t '
front throw and a 4% order ‘nmper én the rcer Second order
were cesigned, but never installes, 4 forn of rubber vibrr
demping engine rount wos used, but the exanet type or fo cﬁulﬂ not
be determined, Vibronticon nounts were & responsibility & the air-
plane manufrcturer and the interviewed engineers ?niv ttle about

GI‘S

then,

simple clectric dynrmemeter with no provisic altitu’e sinulation
of corburetor air temperature or exhnust wrgst Sea level nower
calibrations were run and altitude rati E ernined fron standard

For cngine tests the only equipmenEga ilable was the

correction formulaes furnished by the J n! Navy. The Nakajima
company annarently attcmpted to give rwsS of thelr new cngines a
flight test thot wns rorc oxtensive LINE that of the nther engine
eonpanies. This was particularly ¢ for ecarburcter settings

ed by flirht test and the final
&n of dynanoneter and flight
tMarentation was used in thesc
flight tests, including a fqisi.f Bendix flowneter. Ceorburetor

acd justnents which flight showed to be necessary were nade
firectly on the 1nstalln‘ rburcters,

where dynanometer results were ¢
setting determined from a com
results, Helatively sinple i

No tmrqu ers had been desiszned or built, ~lthourh
the ccmpany had tb?ér @ plans for such a design,
gest fuel nunp used on Nakajina engines was the

type 26 rate

,Tgﬁz; sroxinotely 900 gph at 24 psi, The standard
hydraulie D

p type 15 with minor nodifications was used as
want the Nekanine jet engine, This pun» had a discharge
pressur f aporoximately 759 pounds per square inch,

The Nakajima company was working on two Jjet projects

at the md of the war, the TR 12, ond the NE 220, The TR 10 project
had been assigncd the ¢ omnany as a Navy desiened turbo jet about

two years ago., The finesl versicn containcd a conpressor of four
axial stages followed by o sinrcle centrifugal stoge, 4 single

stare turbine furnished the nower for driving the cenpressor, The
NE 220 was the Nakajine versicn of the German BHEW axial flow turbo
Jet engine, These engines will be deseribed in nore Jetall 1In

a future report.
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Toward the @i of the war frantie pressupe for production
had become so great that alldesign engin ers were diverted to
procduction problems and new design and fevelopnent were alncst
apandoned,

In the opinion cf the 4 esign engineers one of the best
Noka jima engines used in service was the Hemare 21 (Ha 45-21) of
2180 cu,in, This engine wos rated at 2000 HP take off, and 1650 HP
at 18,700 feet altitude, The most pronising engine anong the ox-
perimental gwoup which night have been in produetion within six ponths
was considered the Ha 44-13. This engine (2940 cu.in,) was £285
at 2500 HP take coff and 2100 HP at 19,600 feet. 'i;

SUIDRY: The Nekajina eonpany as cne of the twe large 5;;anuse
aireraft engine nonufncturers corrcsnended very clcsml&ﬁ?&*p:licg,
procedurcs, +nd netheds with the Wright lercnautical ScMforaticn
of the Unite” States, The general pattern of the ogrwny followed
thot of the Wright ALeronautical Cornoration fron.ﬁﬁpn the company
had purchnsed production liecnses during the ear?ﬁy 930ta,.  When
contdct with forcipn nutlientions =nd informagigtpermitted, the
desirn of Nakajinme enpines followed in gencr 1 leads provided
by foreign developrent, but the comdany inﬂ(ﬁa ed a considernble
degree of initiantive nné mpability of tgggse fent thourht when

access to foreign information wns cut In nost respects the
cdesign of Nnksjina engines wos severa rs behind that of Lncrican
engines, Although excellent perfor Jﬁye was clained for some of

the latest experinental agines E;ta was ovailable to substantiate
these clains, nor was test cauips availrble of sufficient accuracy
to feterrine true altitude rafMgsh Several engines of each rodel
available are being forwarded™o T.AII1.C. Anacostia,

by
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J‘\y J. H, MOREE, Jr.,
Cormander, U.5.N,
$ Lpnroveds

3 I -
' ¥

“F. 0. CARROLL,
Brig.Gen.,U.8.4,
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