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SUBJECT : Jensral Design and Development of Mitsubishi
Airceraft Engines.
REFEREINCE: Seetion IIT 1 A (b) Air Staff Intelligence Be-
guirenents, .

Persons INTERVIZVED: Nr, M. INO General Manager of the ﬁg;?a plants,
Mr. T. HORI Manager Prototype Engine Shop
Mr, I. S4K0 Manager Design Depaﬁé?ent and ori-
ginal designer of E:i insei seriss,

Mr, F. YAMAMDPRO, Vibration neer.
: Mr, N, Narita, Marneger of arch Department -
BNTERVIEWING OFFICER: Commander J.H. Murse,45;>, U.5.N.
BRIEF OF JATSRIAL 5&
DISCUSSED: - General design ni:i elopment of Mitsubishi
aircraft engiy .
When the maln lNagoya plan dE*rthe Mitsubishi Engine Company
was bombed and practically destr the company removed its design
"engineers to Kyoto which was n berbed. The personnel interviewed

as listed sbove represent th f this design group and are con-
sidered excellently qualiféeg‘?p discuss the kKitsubishi engine. There
was' no evidence of reticc reluctance to furnish any information
requested and the inforna%% so furnished is considered reliable, A1l
of the engineers 1nterr€%& ed have been with the company for at least
10 years and several 4{’ wem for more than 20 years.

In gen r%zBF"E I, tsubishi Engine Company in its organization,
procedures a Jgﬁ;' ds, relations with the governuent and with other
companies va'ék{; sely poralleis the relationships and functions of
‘the major in® corpanics of the United States. Apparently the Army

and the 1 nterfered relatively little with the design and devealop~
ment of 4eng#nes, leaving this primerily to the company engineers, 'Tha

Navy ¢ t times tend tc interfere, usually with unsuccessful results
This ney cecreased towardé the end of the war. It was interesting

to note that the company engineers unaninously considered the engin-
gering teleat of both Army and Navy to be ver) poor with the Navy
having somewhat the better qualified personnel, This situation was
_attributed to the military svstem which supposedly failed to supply
proper training of youns engineers. It was believed that the quality
of these young engineers :
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aequircd ty the services was highcr than thoat 2available to the
conpanies, Considerable ridicule was anparent whenever the question
of Army or Navy cnginccring wns brought up. Although the engincocring
abilities of service personncl were not roepected, it apvenrecd that
wherever onc of the services Insistcd on o given policy or cenngc,
the coapany wes -forced to do “ts best to coqply with the rcquest,

In ncny eases the ccmpany had protested requircrnents 1nid down by

the services, snd by its opposition had persuscded the scrvice Involve
to nedify its demends, As an cxanplc of a servicc rcquest ig was
strted thot tvo years apgo the Mavy hod denended thot Mitsubd dowelo,
a liquid ccoled engine. The compony agrinst its will unﬁuﬂ%g this
devclopment and did its hest without mceess, dgria, thcs:g about
onc year ago desigacd n jet nrepulsion engine ond reques the
coupany to bulld a protutype. Before this enginc w31350ﬁpletcﬂ it
was proven of no vhlue ond the Navy subnitted a scoen®’design,
followed in vapid succession by a2 third desien, lgﬁthis point the
company informed the Navy that its production wm{;bcing too seriously
hampered by this jet work and thé wsrojcot wss.q5§ doned, Thc conony

engincers hnd several sdwersce cormunts to m oncerning the differ-
enccs in requircments between Lrmy- nnd Ne Wt the lack of cocperats

ion betwoen thenm, Some degrea of coop:ragi i in roquirencnts wes
evicent necar the end of the wer, but bt nte tc be effeetive. It
waz statcd thet in ome orses & daosig szhi.h: rcjected entirely by
the Navy ond irmedlatcly aceepted b y firny. The conpany very
elenrly regarded the Naokajima com; as a conpetitor ~nd therc wes
no cvidenece of pooling of design égrorﬁ:tion or strondardizing of
parts, The enginecring telent Neksjimn was rcspected, although
it wes steted that Makajin (& %le reseach or originnl dovclop=-
nent work. In the hﬂﬂdlinggsf service Aifficultics a2nd dianges in
design there was ciearly cag fercence in nethod betweeon the two
‘eonnanics, Mitsubishi yre€frred to rctain resnonsibility for all
scrvice changes in dcgapgly and did so, acccpting full responsibility
for major serviecc dgf s and devising and appiying rencdies, includ=-
ing correetive pari&N\for cngines alresdy In the ficld, Nckajinme on
the oth r hand aggeyted no responsiovility for scrvice changex in
design and leil 5 task to Lhe Navy or Lrry. In tho preparation
of specifice§idgs, thc conmany dosigned an mgine, submittced a pronosc
specificatdonNgnd then an discussion with the »rocuring scrvice con-
pronisec a Tinnl spceification suitable to both partices. Linparcntl
" consicdgirMalc arguncnt developed ceemslonally over these specification
. but A\ servicos usunlly obtained agrcement on peints which they
"t gon *¥ed important.

Engire %2sts as such w.rc confined to ground operations, The
conpany had pilots and occasicnally was assigncd miplencs ror speeifi
projecets. There were no altitude test stands ond cngine-calibration
was acconplished a® sex lovel conditicns, excapt for throttling of
intakc to sirmlatc altltude inteke preossurcs., The Torrmuia for altitu
correction of sca lcovel dota is cnelosed with this report. The
Lrny end Navy had ecormen type fest specifications sanples of which
arc being furnished by the company, It was undcrscood that the type
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tost roquired four hundred hours of operation with the company pernited
to tear down o2nd ovirhaul the erigine at the o¢nd of 200 hours of the
test, Produetion tests at the beginning of the war involved cight
hours "of enpgine operation with both green and finel runs required.
This time wos suecccssively reduced as fuels beenmg searce until near
the end of the war the finel run had been clinminated, resulting in

a deeided inercasc of cngine frilures. '

The conpany was consldcred rcsponsiblc for all of the enpgine
cxcept government furnished equipment such as fusl punps, ¢ '
Ignition systconms wocre usually designed oripginally by ignit%és%gpm-
penics, but the cngine company usunlly found it necessar nsider-
ably modify the designs and inprove then. The ecrburct or fuel
injection equipnent were completely designed by the ing conpany,
but nanufectured by others in thc easc of cﬁrhuretmgzggn@ by thec-
engine conmpany in the esse of fuel injeetion equipﬁgy .

Float type earburction was used entircly "f<§t beginning of the
war but the trend gradually incfeassed toward qu: injection and at
the cnd of the war it was expected to use f njcetion exclusivcly,
The prinary reason for this wes the deere » gunlity of fucls
avallable, although the company thought ﬁsﬁ distribution was 2lso
inproved by fuel injection. When qu {Ez ed about foet thot cqual
fucl distribution dcoes not always ﬂﬂggzu unl nixture distribution
beczuse of faulty air distribution Lth¥ cnpincers stated that they
had mode no studies of thot effe They were agreed thot fuel
injection requircd wvery crrofulp™hing and accurntc assenbly, but
considered thet they had hegd é:éFGiEG in its acdoption, It 4=
interesting to note thet ti }Qba done cxtensive rosecarch on the
optimi nositions 2nd diree ns of injection and hnd eventually

reached the conclusion t injcetion fron a ring just before the
inmpellor was best, Alomg Wth thls nmethod of injeétion they hnd adopter
a varietion:of -2 speceg fisity earburctor. Previous to arriving at

this systenmy the ptg; injecetion point had becen sclected as the in-
take pipe Just be the intrke vnlve, with individual cylinder .
punps, to netcr 3 This systen was uscd on a nunber of engincs
during the la#gr gtirt of the war,

WhilgfcaNpurction engines were usﬂdi 1ittle ﬂifficult? wns oX-
QQEE{ i
a

pericenegd th earburctor production quality control or with nain-
taini ustrments in the ficlé, Original setting linits were broade:
tha se of the Anerican Navy, being plus or ninus 3% pocrecent as
con d with the inerieen linmlit of plus or rinus 2 pcreent. They

had no outstending service difficulties with carburetion,

Cerburctor scttings were established by dynononetcr only, with
no attenpt to utilize flight tests for scttings. There wos no specia.
ground cquipment suiteble for sirulating flight conditions or scocp
cffects Considernble difficulty wes enchbuntored beecouse of this
linitation and therc had eveh ken instrneces when engines would not
run when instrllcd in the airplane becausc of the veriation in
netering couscd by the instsllation,
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Grent difficulty wes encountercd with ignition systens, dlnost
a1l featurcs of the systecngve trouble and apnorently the cormpeny A
had 1ittlec success in rcnedying the troubles, For altitude work
pressurization of the systen had been tried, using o blecd from the
supercharger crse, This, howevcr, resulted in oil contamincticn
with conscquent difficulties., Finally the company adopted a low
tension systenvhich was just going into service at the cnd of the war,
This systen utilized a fixed gap pluyg, sannles of which have bcen
requested,

In superchargers the conpany hed developed and instel jsazzrbo
supcrehargers in three high soltitucde rceconnnisance 1:11.“1'1&2;?i

type I?i (Dinah) which wore used £nd lost over Oklnawa. gs¢ ploncs

hod fuel injcetion Kensei engines., The comiany clnined tHat thosc
supcrchargers had proven satisfactory and had incrca the perforn-
rnce of the cngine. Little informaticn wrs availa n this subjecct

boeruse the instnlletions hnd been lést snd tho rmdngs at Negoyo
had destroyed much of the information. Drawin:saahve been requested,
Prinary cmphasis was still being nlaced by‘tku:é%y;nny on gear driven
superchargers, . The latest imocel of this t ins the Ha42, nodel 31
which wns & two stage supcrchorger with Mlic couplings of the
Gorman Vulenn design., It is intercesting 2%5 ote that the arrangenent
of this supercharger was very simila {E} ¢ now Pratt & Whitney

2800 E enginc with two side nounted ggﬁ lors. The performence
gxnected from this model is illustngt

of ncw enginc specifications, T
Ifitsubishi company were the sts céntrifugal type uscd for
several years. hey waere 1y satisfrctory until toward the

¢nd of thc war when the us 3;, situte matcricls causcd song

¢onsgses of dinpage. The gege trend of supercharger inpellor sizo
and tip spoeds wes upward a relntively slow rate, A three specd
supercharger had bmen.ﬂigp opcd rnd was just going into »rocduction
at the tine of the he st bonbings in Nagoya which proctieally
wiped out the plontas all thrce specd production, Drowings of this
three spoed dcsigﬂ\y ¢ becen requestod,

ﬁﬁQ’p o1t that cooling hrd been a relatively simple

0 ceinl diffienltics had been encountercd with it.
Cooling sshtrc drbp wns noderate and in ceneral the cooling deslgn
sconed i, sanple curve of cocling pressurc drop is cnecloscd,

Cool & genréd about 1,5 times cranksh: £t specd were uscd on
sor; tr11ations such os Ki 67 or Raiden (Pegey)

The company was working on.two speced noses and had bullt one
experinental nodel which had undcrgone 200 cycles of geor chongcs
when the benbing or Nagoya destroyed the sct up, The incornoration
of this two speed nose cxtended the nese lensth about four inches.

in the cnelesed blueprint
chaniecal elutches used by the

The co
problen o

Propcllor design was left almost entirely to the proncllor
manufacturers of then Sunltono was by f~r the nnst inportent,
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Compression ratios were limited at dout 7.0 beeause of fuel
guality, Higher ratios _would have en used had the preper fuel been
available, '

Bearings had given a great deal of difficulty during the course
of engine d evelopment, It had finally been decided to use almost
excelusively the Kelmit bearing with a dendritic structure, containing
about 30/ lead and treated with a thin lead flash. o siiver or
'silver, lead, indium had been used although studies were just being
made of these types. The company was particularly proud of Raving
eliminated ball bearings from the rocker arms of thelir eng nd
stated that they had never had any difficulty from their d
floating bushings, <f>

Vulve overlaps were in general about 50 degrees They had
run some engines experimentally with overlaps as h s 100 degrees,
They had become aware of the adv-ntages of const ength push rods
and had experimented with the hydraulic type as g;}ly as three years
ago., However they experienced damaged c ms an #lve pounding and
abandoned the project. The vibration exper « Yamamuro, felt
that thls had been a mistake and that te Mant length rod could
have been successfully developed with con&%ﬁ rable inprovements
resulting from its use,

O
Exhaust systems were generally‘ﬁﬁh*responsibility of the airplan
manufacturer, although occasiocnal stubishi Engine Company designe
the exhaust svstem for 1ts engi The engineers were not aware of
any particular difficulties f any serlous shortage of supnly

of nroper materials for ex stems, They had designed systems
to make use of the jet effe n one or two model airplanes, but
apparently did not give eature much emphasis,

t
Heat rejection t Jﬁh 0il and oil flow were both guaranteed
by the manufacturer gznWwere measured in a manner similar to American
practice, It is imggpesting to note that when the hydraulic coupling
for superchangersewas adopted, it was necessary to install an addit-
ional oil ceo ?EB care for %he heat so rejected,

Th%§§§%g t& turbine, or rocket work being undertzken by the
e en

company of the war was the power plant for Shusul which
was be eveloped at latsumoto and the NE 330 also being developed
at M oto. It was considered that Shusul power plant was ready
for t operation and that the power plant failure terminating

the first and only flight had been the result of a readily correct-
ible defect. Further investigation of this develosment will be
renorted in the future, As stated previously, the company had some
time ago undertaken to manufacturea jet propulsion engine to Navy
design, but had abandoned it when no successful design apneared
imminent,

-
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‘ SUMMARY: The Mitsubishi Engine Company orgenization, polictes,
procedures, and relations with the government and other engine com-
panies were remarkably similar to those of equivalent conpanies in
the United States., lethods of engine development and test, both
experimental and production were also quite similar to American
practice. The nroblems enchuntered, and in the majority of cases
satisfactorily solved, were very similar to those encountered in
bmerican engineering, While previous to the war the company had
relied heavily on literature published by the Allied nations for 1its
general guidance, it displayed a surprising degree of initiat and
ingemmity in mee%ing problems developing after this supnly
formation was cut off, The company displayed a dignity'igg

ide
it its organization, its product, and its reputation anc de no

anologies evenvhile admitting freely that Anerican engines were

sunerior. The personnel interrogeted are considered 1 gqualified
to fiscuss all asnects of the Mitsubishi engine de omment.. It is
considered that all possible information was fur d as requested

and that no reticence or attempt-to withhold 1 tion were
apparent, It appears that in most aspects of ne develovment

the company was several years behind the Al nations, but that
with its capable and aggressive engineerl ff it would have

continued to produce creditable engines he war continued.
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Head of Section,
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