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FOREWORD

A Japansese Sekme-21 redial engine, Serial No. 21327, from a Hamp,
Mark II, fighter aircraft was received from the Navel Air Station, Ana-
costia, D. C., for metallurgical examinetion. The designation CEE-2963
was assigned by the Navy, end BMI-533 by Battelle. The engine and plame
wers captured et Munda, New Georgia, in August, 1943. The following addi-
tional information was supplied by the Foreign Economic Administration.
2. SAKAE 21, serial No. 21327
Mamifactured by:  Nakajime Hikoki K. K.
Date of manufacture: September, 1942
This engine was probably used on Japanese plane type
AGM3- Type O, Fighter, Hamp, which is assembled by
Mitsubishi. Apparently all Sakeae 21 engines have been
installed on plenes assembled by Mitsubishij either
Type O, S/E Fighter, Hamp, or Type 0, S/E Fighter, Zoke,
Mark 2.
Photographs of nameplates and their translation, as well as the

markings found on this engine, are compiled at the end of this report

under Figure 24 and Table 18.

sSUMMARY

Material and workmanship used throughout the engine were of ex-
cellent quality. No apparent effort was made to conserve either critical
materials or man-hours of labor. Alloy steels were used extensively.

The emount of alloys employed would be considered lavish by U. S. stend-
ards under the present war economy.

The majority of the steels used appeared to be of electric fur-

naoce quality. Phosphorus and sulphur contents wers low, and the steels

\ o
were clean end frea from dirt. Practically all contelnsd high residual
amounts of copper end $in customarily found in Japensse steel producsd
largely from scrap. Meny of the steels were aluminum-treated for grain-
size conmtrol, and & majority were highly alloyed with nickel and chromium.

The alumimum alloys used were stendard alloys similar to Ameri-
can materinls. Aluminum castings were good, end alumimm forgings, par-
ticularly in the crankcase end impeller, were excsllent, Mégnesium cast-
ings used in the diffuser, rocker box, and various accessories followed
German practice in composition and in the use of the as-cast alloys.
These oastings were free from excessive porosity and microshrinkage.

Forging was used extensively in obtaining a desirabie fibrous
structure in many of the steel and aluminum parts. Even small items,
where no saving would bse made in machine-time or metal, were forged to
obtain the best physiecal properties. A number of the steel forgings
showed excessive allowance for machining. This practice resulted in the
grain structure cutting across instead of around the stressed fillets.
This condition was notable in the crankshaft and would not be acceptable
in American practics.

Welding was used extensively in fabricating the motor mount and
ignition assembly. The quality of the gas welding employed was excellent,
but a saving could have been made, partioularly in the motor mount, by
using rusion-arc welding.

Mechining operations and surface finish on practically all parts
eppeared to be excellent. A lack of understanding of the value of good
surface finish was found in the highly polished articulated rods whose
surface was marred by deeply stemped nmumbers, and in the carefully pol-

ished crankshoft oounterweights where a stressed condition did not exist.
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Heat treatment of the steel parts and eluminum forgings was ex-
tonsive and of good quality, &lthougn the aluminum-megnesium castings
were not heat treated. Tho Japenese showsd decided preference for case
hardening by carburizing and by nitriding. They follawed Germen practice
in this treatment, although the Germens apparently ore no longer nitrid-
ing cylinder barrels. The Japanese have very carefully limited the ocase-
hardened sur.face to the astual areas subj.ected to abragion. The webs,
side, and even the tips of the gear teeth were usually not carturized
although the gear tooth face would have a deep case. \

Numerous besring a.lloys| wore used; the Japanese apparently
understood the various service conditions enoountered and used satisfac-
tory materials for these appliecations. SAE-52100 steel was used for ball
and roller bearings. Cast tin-bronze, leaded tin-bronzs, elumimum bronge,
copper-lead alloys, and tin-antimony babbitt were used.

Ingenuity was shown in the solution of some problems by adapting
unusu‘a.l metals to speclial service conditions. 1In the tappst roller a
hard, heat-treated, nickel-copper bearing was used agsinst a fully hard-
ened SAE-52100 steel shafte. The battering ection of the cam in this part

appeared to have caused fellure in softer, more commonly used metal come

binetions.
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"ECONOMIC CONS IDERAT IONS

No shortages of material or mamufacturing facilitles were Gb-
served. From & metallurgical standpoint, the standards used by the
Japanese for aircreft engine construction were the equivalent of Ameri-
¢an practice. @Good technical control was shown in the selection of ma-
terials, the control of steel and nonferrous alloys mamufectured, eand in
acecurate heat-treating practices.

Comparison of the meterials in this engine with those in the
Sekae-12 made in 1941, shows only one change. This .
was in the crankshaft which for the Sakae-12 was of the same analysis
plus 1% tungsten. None of the Sakae-21 perts, excepting velves, showed
additlons of tungsten. This change is of doubtful éignificance in view

of the lavish use of tungsten in other Japanese equipment.

LEG:JRC/io
August 21, 1944
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Japanege Sakee-2]1 Radial Engine Pror Hamp Fark 1I "Zero®

Fighter Plans Captured at Munda, New Gearzia.
Engine Serial Yo. 21327.

CEE-2968)

20567
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I - POWER SECTiON
by
Morse Hill
Cranksheft

The most important items in the crankshaft section were the
three parts of the crankshaft proper. These were held together by solid
bolts tightened upon haerdened washers. Internal splining of the front
and rear sections in the throws held the parts in place relative to each
other. The crankshaft couptarWeights were cast from an alpha-beta alumi-
mim-manganese bronze. The counterweights were riveted to the projsctions
on the crankshaft with steel rivets which were machined from bar stock.
An adaptor for the propeller oil tube was screwed into the front part of
the crankshaft. There was also a. drewn-steel tube to carry oil through
the center section between the throw splines. The adaptor for the shaft,
which led to the starter end accessory section, was splined, without bush-
ing, into the rear part of the crankshaft.

As may be seen from Table 1, the crankshaft was an .18% carbon
steel resembling 3312 put containing «.17% Mo in addition. This molyb-
denum mey have been an intentional addition, although "The Netional Emer-
gency Steels", NE 8000 Series, page 7, indicates that in 2% of the heats
melted here this amount may be residual. The 3312 analysis has long been
used for those perts where it is desired to have excellont core proper=-
ties with the possibility of surface hardening. As shown below, the

properties of the crankshaft were good:

Ultimate - Yield Elongation Reduction Vickers

Strength, Strength, in 2 ‘Inches, of Area, Diamond
PeSeis P.Sei. % % Hardnsss
186,600 at 1%, 128,000 16 51 400 - 413

at 2%, 148,000
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With fhese properties the case had a hardness of 743 VDH Qnd a depth of
.02 inch, the hardening being restricted to the throw and there not ex-
tending to the radii. The martensitic needles and the presence of excess
carbides in the case suggested the use of one of the ocomplex cyanide baths
whose action at high temperatures was primarily carburizing, tut was also
nitriding.

The base metal had been forged until the dendrites were well
broken up end strong flow lines developed. Near aevéral of the fillets
the flow lines made an engle of more than 45 degrees with the surface.
Such flow lines would probebly not be considered acceptable in this
country. From their shape, the forging dies must have had slightly great-
er allowances than is customary in this country. All parts of the crank-
shaft had been imperfectly homogenized before gquenching, es was shown by
small emounts of ferritic areas.

The finish of the corankshaft parts was excellent in most of the
highly stressed arees, espocially on the external surfaces which were
ground and polished. However, several of the oil holes in the crank-
shaft proper appeared to have been cut with & dull or clegged drill and
were not further finished, even in stressed areas. The counterweights
hed been carefully polished, and the adaptor to the starteér and eccessory
section was ground. However, the propeller oil tube adaptor, which was
not stressed, was left as finish-mechinsd.

Both adaptors had been machined from bar stockes The starter shaft
adaptor may have been a source of service trouble, for it had a composi-
tion similar to "Nitralloy" with medium carbon, and showed aluminum,
chromium, and molybdenum on qualitative spectrography. Although ths adap-

tor was nitrided ell over, the case was left sspecially thick on the

~8-
unsplined bearing surface where it was .,02" thick, with a white-etching
layer «OOT" thick. In spite of this case, the surface appesared to have
been galled in services The white layer hardness was 836 VDH, and that
of the other surface was 905 VDH. Both this hardness variation and the
finish of the o0ll holes suggested that engineering control of manufactur-
ing may have been somewhat incomplete.

The crankshaft bolts were machined from bar stock and carefully
finished. Although the bolts were only about an inch in diemeter, the
steel composition (Table 1) used about 3% C, 3.0% Ni, 3.0%7 €r, and .56%
Mo, amounts far iﬂ excess of those needed to assure adequate harden-
ability but comparable to compositions used for suoch purposes in prewar
U. S. practice. The washers under the crankshaft bolts-appearezd to be of
a stesel resembling SAE-52100 and were fully hardened, although the struc-
ture wes dark mertensite or, perhaps, bainite rather than the light mar-
tensite usually found in bearings. The carbides were small and compara-

tively few in number. Salt-bath heat treatment seemed probable.

Piston

IThe piston section consisted of the piston and rings. The piston
had been forged from "V" alloy, similar to Alcoa 142. While in this
country this elloy is promoted as a casting alloy, continental praotice
is to use it for wrought sections as well. Because of its high strength
ot elevated temperatures, it has been often recommended for such things
as pistons. 1In this motor, however, the alloy was not too successful,
for the crown hardness dropped to 70 Brinell, while the skirt hardness
remained at-119, a value easily obtained upon heat treatinge. The micro-
structure indicated that the softening resulted from growth of the pre-
cipitate beyond the effective size. The forging had produced well broken-

up constituents and flow lines which conformed reasonably with the contour.
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The piston rings were of cast iron and compared favorably with
those made in this country. However, the graphite tended to be more of
the "octopus" nature. The 0il rings hed a thin\ chromium plating on the
wearing surface which seemed to adhere well. The microstructure of sev-
eral rings was examined, tut so much variation existed thet it is impos-
sible to tell what structure was desired. Analysls of the piston ring
iron showed the presence of 0422% Ni and 0.60% Cr. This is higher than
the normal residual range for these metals and indice.tes‘ e mild alloying

treatment to improve the properties of the rings.

Rod Assembly
The rod assembly consisted of the steel piston pins fitted with

@lumirum plugs and connected to one end of the artioulated rods fitted
with bronze hearings. At the other end of the rods were the kimuckle
oins. The master rod carried the bearing which rode upon the cranksheft.
Both master .d articulated rods were made from the samo type of steel,

C +25%, Or 1.25%, Ni 3.50% Mo .45, Thi%}‘%lg"’éﬁf illustrates the use of
e/xcessive alloy. Since the ter_lsile propertics shown were developed by
heat treatme t, it is possible that there was a desire to achieve high
tensilséy{v:el%%“z"elatively low carbon steel. The microstructure showed the
heat treatment to be excellent; the quenching and drawing produced a uni-
form structure. Material of this alloy content would be almost foolproof

in heat treatment.

The finish of all parts of the rod assémbly was sxcellent. The
finish
polish on tie rods was particularly fine; however, the effeot of this/was
greatly diminished by the practice of extensive marking with an eleotrie

needle on the stressed exterior surfaces and of stamping other mumbers in

the metal surface (Figure 4). The assembly as-received was heavily coated

with engine varnish.

<10« I

A tin-bronrd was used for the piston pin bearings. The struoture
of the bearing was deﬂdritio with segregation of tin eutectic somewhat
diffused into the matrix. The structure also showed well-dispersed par-
ticles of iron-rich constituent. The main rod bearing wes of copper-lead,
backed with a low carbon, slowly-cooled steel sleeve. The lead was well
dispersed. Very small ocrystals of whatwos 'probabiy a tin compound were
visible. inside, it was coated with about 001" of pure lead.

The alumimam plugs in the piston pins were machined from bar stock
and appeared to be of & simplo duralumin, not heat treated, The pi~ston
pins themselves were of an ¢11% C, =2¢50% Ni, 1.00% Cr steel, carburized
on the bearing surface about +02" deep. The molybdenum was +12%, but
this was probably residual rather than an intentional addition. The
finishing was careful, and a fairly good microstructurs had been obtained,

although there was some inhomogeneity.

Crankcase Assembly

The crankease assembly consisted of the front, middle, and rear.
duralumin forgings to whith were attached the c¢ylinder barrels, and within
which the crankshaft revolved upon three roller bearings. To prevent oil
leakage from around the crankshaft at the front and rear end, an oil seal
was used consisting of two alumirmm-bronze rings sliding between steel
rings within a cast alumimm housing. The seal fitted around the crank-
shaft and was attached to the crankease by the housing. At'l;ached‘to the
front section of the orankoase wers two alumimm baffles or deflectors to
direet tho oil flomu

The crankcase parts were made from & duralumin composition con-
forming to Alcoa 17S, and appeared to have been carefully forged, machined,

and heat treated: The physlcal properties, us shown below, were excel-

lent.
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The bearings rested not on the crankease, internally, but on
carburized thin-steel baclkings which had been forged to shape. The oil
baffles were cast from e duralumin-type alloy, and were held in place
with quenched-end-drewn bolts. The baffles appeared not to have been
heat treated, perhaps because there was little stress on them. The
casting which held the oil seal was oxtremely sound and well made; this
casting was heat treated. Thé moving rings were of aluminum bronze with

fairly large amounts of iron and menganese and were not heat treated.
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Figure 4 . Articulated Rod Showing Sumbers Stamped
Polished Surface (CEK-2963).
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II - CYLINDER ASSEMBLY SECTION
By
A. B. Wosterman
Ce E¢ Lovoe

He :Co Crdﬂl

Cylinder Barrol snd Head

The eylinder barrel was forged from an elloy similar to Nitralloy
135-G type steel, it with lower carbon and was quenched and tempered.
The bore was nitrided to a depth of 002" = .004". The Viockers hardness
of the case averaged 872; of the core, 282. The stesl contained a few
sulphide end oxide inclusions, but wes generally clean. The barrel was
finished with fine machining cuts, and 4ll changes of section were gen-
erously filleted.

The oylinder head was sand cast with the use of numerous cores
from an Alcoa 142 type alloy with low nickel, and was solution heat
treated and aged. The Vickers hardness was 82. A macroetched section
taken perpendicular to the parting line revealed light porosity. How=-
ever, the quality and surface.finish of this intricate casting were good.

The cylinder nhead and barrel were ocovered with an ordinary black
peint or enamel containing an jron-oxide pigment. There were no signs
of blistering of the coating.

The valve seat inserts were forged from asustenitle Ni-Cr-Mn steels,
which are not commonly used in the United States for this application.
The Vickers hartness of the exhaust insert was 198; of the intake insert,
190. The valve seat contact surface of the exhaust insert was checked,

probably from lack of resistance to service conditions.

=18«
Push Rods

Eaoh push rod consisted of two ends machined from plein carbon-

~ steel bar stock and pregs-fitted into a low carbon-steel tube. The

push r(;d ends were oarburized to a depth of .045". All parts were
quenched and tempered to Vickers hardness of 450 for the tubing and 706
and 221 for the case &rgd core, respeotively, of the.ends. The tube was

coated with a thin layer of cadmium.

Rocker Arm L

The rocker arm was forged from Ni-Cre-Mo steel and was heet treated
to a Vickers hardness of 383, Maoroetohing revealed flow lines which
wore indicative of good forging practice, .The rocker arm wes coated with
& thin layer of cadmium.

The rocker arm bearing was osst from Cu-Sn.alloy end had a hard-

ness of 123 Vickers.

Rocker Box Cover

The rocker box cover was cast from a 5% Al-Mg alloy with a Vickers
hardness of 69. The cover was in the as-cast condition and was slightly
porous. For corrosion protection all surfaces wera chemically treated
and the outer surface covered with black paint. The imner surface showed

numerous checks.

Valve S_Erinss

The valve springs were made from coiled, high carbon-stesl wirs
and hed an average V:I._qkers hardness of 449. The springs appearsd to be
poorly heat troated and showed partial decarburization of epproximately

«001". The springs were ocadmium cos'ed.
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Valves

The intake valvewss a common type; itwas soiid and had been forge
upset. The stem tip had been hardened locally, probably flame hardened.
The exhaust valve was the ordinary hollow-head, sodium-cooled type end was
fabricated in the usual menner of forging and drilling the stem. After
the stem was drilled, the vdlve was partially filled with sodium, the end
of the stem heated, forged shut, and a piece of hardened tool steel either
flash welded or pressure resistence welded to the end of the stem. A
stellite type alloy was puddled onto the face of the exhaust valve.

The stem of the exhaust valve had been nitrided to e depth of .002
inche This type of steel is not usually considered roadily nitridable and
wms nitrided more out of necessity than because a good casew:: produced.
The case was not so hard (50C VDH) es some previocusly examined from other
Japenese aircraft. On the other hand, there are no evidences of corrosion
or pits in the case as there were in the extremely hard cases exemined.

It is possible that the high hardness has been sacrificed for better
corrosion resistance, or possibly that these valves have not been in
sorvice for a very long time and thus.-have not had time to become pitted.

The compositions of the valves, and scme similer common velve
steels, are given in Table 3. The composition of the exhaust valve s
exactly that of the commonly used U.S.valve steel. The intake velve was
similar to Silerome No. 1 but had a greater chromium content and some-
what lower silicon. The facing material used on the exhaust valve mas

similar to Stellite No. 6 in composition. ~Comparisons of the valve

alloys with standard American alloys &% shown in the following:

ANALYSES OF CYLINDER ASSEMBLY COMPQONENTS, SAKAE 21 (CEE-2963)

TABLE 3.

Ferrous Parts, %

PART

Ti

Mo Cu Sn

v

Ni Cr

Si

Mn

c

¥O.

PART

.004
.004
.004

.01 ,008 .20 .25 .067 .90

.01

«48 1.43

.15
3.20 1.27
.42 12,50 3.80
.57 13.7 14.0

29
«27

.40
.31

027
024
.012

.014
.010
.021

.47

533-10

Cylinder Barrel
Push Rod Ends
Rocker Arms

004 .018.27 .14 .034
.010

.004

.08

533-124A
533-144A

533«53

.25 010

.55

.01

+25

'52
.5.80

<25

- tr
2.12.25C0o .11

.57
.48

Valve Seat Inserts
Exhaust Valve
Intake Valve

s 47

.014

533=-20

.82

.20 10.9 Nil.1l0Co

.42 2.34

37

533-16

Exhaust Valve-Seat

3.36 62.0Co--

.98 25.4

3.03

——— == 2.37

+ 70
.30

533-20A
533-17A

Facing
Spring Retainer

=20

tr

.69

49 .29

Nonferrous Parts, %

Sn

Zn

Fe

Cu

Ni

Si

Mn

1.18 Bal, -——

<40 .51 4.46
«36 3.94
0.06

01

b33=11

Cylinder Head

Baffle

o «40 Bal.

.50

533-15

-z .05 Bal.  ---

<37

533-24

Intake Manifold
Cylinder Head

5.81
9.82

.21
«30

.01
.01

93.5

585-11B
533-14C
533-21

Bushing
Rocker Arm Bearing

Rocker Box (over

5.0

Bal.

.023

.30

-
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Valve No. c P Mn 8i cr. Ni w Mo Co Fe
Exhaust Valve
No. 533-20 ¢48 <014 47 57 14.0 13.7 2,12 11 .25 Bal

U'OSOV&].VG Steel «40 +030 « 70 430 13.0 13.0 1.75 +50 - Bal
to Max Max to to to to Max

«50 80 15.0 15.0 3.00
Intake Valve
No. 533-16 37 ed2 2434 10.9 .20 Nil ¢82 == Bal
Silerome No. 1 .40 .020 .20 3.00 8.0 Bal
to Max to to to
« 50 .80 3.50 9.0
533-20 Seat Facing 1.70 2.37 25.4 .98 3.38 62,0
Stellite No. 6 1-25 2-7 2700 4-00 65-0

The stem tip of the intake velve hal been hardepned locally to a
depth of about 3/8 inch to a hardness of 600 YDH. Therewss little indi-
cation of the hardening in the structure. The structure of both the bedy
the valve and the hardened stemwed typical of Siletrome Noe leo There was
a large amount of small carbides in a metrix of slightly tempered marten-
site.

The structure of the body of the exhaust valvewzs that of an age
hardening alloy, with carbides evenly distribuxe/d throughout a metrix of
sustenite. The grain boundaries wers a network of very fine carbides. No
analysis was made of the steel used on the stem tip of the exhaust valve,
b;xt the structure indicated itwes a high-carbon, highly alloyed tool

steel, possibly 18-4-1. The welding of the tool steel to the stem of the

of

exhaust valve was poorly done. A considerable amount of metal was melted

and left at the interface and therewas some porosity. 0Orn Thae bom
fiend, a very good job of puddling was done on the face of thy. valvep
liere there was a narrow band of metal which had been molten ang; the wyld

sontact' wes good.

22
Both valves were in good condition and were well made. A small
amount of the high alloy facings and stem-tip materials was used, but the

amount eppeared to be sufficient for the purpose.
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I1I - NOSE SECTION

by
F. M:: Stephens

Propeller Shaft

This part was forged from nickel-chromium-molybderum steel with
the usual Jepansse high residual copper and tin. The propeller shaft
wﬁs heat treeated to a VDH of 336. Workmenship and materials were good
throughout: The steel used in this shaft was similar to British Standard

Aireraft 25 28. No similar steel is in standard use in the United States.
Bell Gear

The bell gear was forged from a steel similar to Nitralloy G end
was nitrided on the gear teeth and cam bearing race to a depth of 0.01".
The core had & VDH of 45L and the nitrided cese was VDH 505 The use of a
nitrided case on this gearwas rother unusual; the steel used could prob-
abky lLe replaced by a stondard case~hardening steel. The relatfvely deep
notches indiéating degﬂe?s on the perimeter of the gesar proBably had’ the

effect of stress raisers.
Spur Gear

The spur gear was forged from nickel-chromium-molybdenum steel
somewhat similar to British Standard Aircraft steel 25 28. The teeth

were carburized to VDR 666, Workmanship was good throughoute.

=26
Sun Gear

The sun gear was forged from nickel-chromium-molybdenum steel
similar to British Standerd Alrcraft steel 25 28. The residual copper
was very high, even for & Jepanese steel. The teeth were carburized to a

VoA of 609. The gear was of good quality.
Front Cam

The front cam was forged from nickel-chromium-molybdsyum stesl
similer to British Standard Aircraft steel 35S 11. The gear teeth and cam
faces were oervurized to a VDH of 655. Quality of workmenship was good

in this piece.
Nose Casting

This casting was made from an aluminum alloy containing 4% copper
and 4.4% silicon similar to Alcoa 85. The casting was in good condition

throughout.

Tappet

The bearing assembly of the tappet roller was of umisual design.
The low C steel roller was case hardensd over-all and hed a relatively
high hardness (VPH 322). A nickel-copper bushing was inserteﬁ, Bs @
bearing surfaece, through the center of the roller. This bushing ran on
e 52100-type steel pin hardened to VDH of 700. The sliding action in the
tappet was furnished by low C steel tube which moved inside & slightly
larger tube. The sliding surfaces of the tubes were oarburized to a
hardness of VIH 620 to 630. The quality of the tappet assembly was good

throughout,
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(Continued)

TABLE 6.

Vickers Hardness

Weight,
Grams

No.

Remarks

Heat Treatment

Type of Meterial

Case

Core

Pieces

Number

Quenched and Tempered Bearing rings of cast Cu-

Low C steel

264

998

Propeller 011 Tube

86A

Sn are brated to steel
tube with Zn-Cu-Ag-Cd

brazing alloy similar to

"Easy Flo".

Machined Ber stock or tub-

232 Low C stesl Quenched and Tempered b
ing.

136

Propeller 0il Tube Nut

86B

Shafts cased 0,03" deep.

Forged.

Quenched and Tempered

675 Alloy steel

312

8,050

Planet Gear Cage

87A
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Tappet Bearing Pin

Quenched and Tempered

52100 steel

700

28

Bar stock. Gear teeth ces-

Low C steel Quenched and Tempered g
ed 0,03".

598

1 110 438

Propeller Governor Shaft & Gear

904

Forged. Case 0.03" deep.

Quenched end Tempered

660 Low C steel

415

137

Propellor Governor Bevel Gear

90B

Case 0.03" deep.

Porged.

Quenched and Tempered

655 Low C steel

426

47

Propeller Governor Spur Gear

s0C
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IV - BLOWER SECTION

by
D. eo Leeser

The blower case, impeller, rear cem cover plate, impeller cover
plate, and the air intake section were made from alumimum slloys. Of
these the rear cam cover plate and the impeller were forged and heat
treated, while the blower case, impeller cover plete, and the air intake
section were sand cast, but not heat treated. The diffuser was an unheat-
treated magneslum sand casting made of an alloy similar to the German A-10.
Cestingtechnique in all pisces was good, porosity was et e minimum, and
grain size was uniform. The alumimum forgings were anodized and the mag-
nesium cesting was chemically treated. The alumimim castings were pro-
tected only by paint. .

The three steel parts of the rear cam were forged. The cam itself
and the oil seal seat were made from alloy steel, while the inside bearing
was forged from plain carbon steel and lined with babbitt. The wearing

surface of the rear cam was carburized .04 inch with a case hardness of

Re 56 and a core hardness of Rg 3l.

Impeller Shaft

This piece was forged from a high nickel (4.656%), low chromium
(«43%) steel containing only «13% carbor. This analysis is similar to
one of the Krupp steecls no longer used '‘n this country. The teeth were
carburized to a depth of ,035 inch, and the spline was cadmium plated
«00075 inch. Microstructurs of both the cese and core showed a quenched

and tempered condition. The hardness of the core was Rg 40 end of the

case RC 60,
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Impeller Drive Gear

The same type of steel used in the manufacture of the impeller
shaft was used in forging the impeller drive géﬁr. The teeth wére car-
burized to a depth of .04 inch with a hardness of Rg 59+ The core had a
hardness of Rg 40. 'Microstructure showed & quenched and tempered condi-

tion.

Impeller Hub

The hub consisted of two pieces, which were fastened together as
well as into the impeller with steel pins, and wes splineds The hub was
machined from bar-stock steel of a composition similar to our SAE 51335
(1246% chromium). Hardness value was Vickers 325 (Rg 32). Microstruc-
ture showed a spheroidized condition resulting from quenching and temper«

ing.

ANALYSES OF BLOWER SECTION COMPONENTS = SAKAE 21 (CEE-2963)

TsBLE 7.

Ferrous Parts, %

PART

Cu Sn Al

Mo

NO.

PART

,028 <«,004

.20 .033

.08

«19 4.65 0.43 <,01 <.02

13 .013 .,023 .54

533-57

Impeller Shaft

Impeller Drive

.01l <.004

.39 .067

.26 4.65 0.43 <.01 <.02 .15

.018 .020 .50

.13

533-58

Gear
Impeller Hub

0.59 12.57 --

.20

533-62B

Nonferrous Parts, %

-39

Pb

Sn

Zn

¥g

Fe

Cu

Ni

Si

Mn

-
-

-

-t
-y

Bal.
Bal.

34 <.01
«34

«35

533-61
533~-62

Blower Case
Di%fuser

Impeller

.12 Wil 0.15 .05 Bal. 10.1 Nil —ee- ===

+16

533-64

Impeller Shaft

—-—— -— -——— .03 5.72 .09 9.4

— —-—- 83.6

533~68

Bearing
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V - ACCESSORY SECT ION
by
D. O. Leeser
J+ Ge Dunleavy
David Adems
Earl Ganslein

Ce A+ Reichelderfer

Accessory Gear Case

The gear case and mounting plate, shown in Figure 13, were cut
from an alumimm alloy similar to Alcoe 85 (4% Cu, 5% Si). They were not
heat treasted or anodizeds Bearing surfaces for heat-treated steel shaft;
running in these cestings were leadsd tin-bronze casting inserts. The
small gears driving various euxiliaries were Ni-Cr Krupp alloy steel forg-

ings carburized on the wearing surfaces.

Gear 0il Pump

The housing consisted of five megnesium castings, two of which
served as spacers. Microstructurss revealed a magnesium alloy similar to
the German A-10, with porosity. Contrary to standard American practice,
the rough interioer surfaces were not cleaned to remove sand particles
which might work their way into the oile. All surfaces of the castings
had been chemically treated, probably by a dichromate pickle. The exterior
surfa~es were painted with a gray enamel.

Of the remoining nonferrous parts, two bushings and a coiled wire
spring were made of brass, five bearings and a bushing were made of bronze,
and four small check valve parts were of wrought aluminum.

Spark tests indicated that the only alloy stesls (probably Ni-Cr)
were the nine gears and the thres shafts. The shafts were carburized to
a depth of .04 inch. The remaining thirty-three steecl parts were plain

carbon steels.
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All parts except the magnesium housihg assembly, which was ocast,

wers machined from bar stook.

Analyses of Gear 0il Pump Components

Part
Part No. Mn 51 Al Fo Mg I

Gear Pump 25 14 ¢13  10.3 «042 Bal. <.02
Houeing

Gaar Pump 25 <16 015 9.6 .018 & <Q°2
Spacer,
Front

Gear Pump 25 13 51 8.5 «061 L <.02

Spacer,
Back

Starter

The examinetion of the inertia starter showéd very 1ittle use of
alloy steels, or heat treatment for additional physical properties; plain
carbon stesls were used wherever possible. Workmenship was good. Heat
treatments were uniform, and in some cases shuwed very olose control. An
example of good heat treatment was the clutch housing cast from "Y" alloy
or Alcoa 142, +the preoipitation aging of vhicth showed close temperature
and time control,.

. An interesting comparison may be madec between a Germen engine
starter, previously exemined, and the Japanese starter. Evidently the
same design was used for both starters with very few alterations in the
Japanése piece. The German starter showed better workmanship, but the
Japatiese starter snould fulfill its intended purpose. Several changes
whiéh would facilitate meamufacture were made by the Japanese.

The parts subjecved to wear or requiring high strength were made
from epproximately the same type of alloys. One of the major alloy

changes was the absence of magnesium in the Japanese starter. All of the




-38-
housings were cast aluminum, while the German starter used a sand-oast
magnesium alloy and one aluminum forging of the 17S type. The Japanese
substituted an aluminum casting of the "Y" alloy type for this forged
part and an aluminum-silicon sand cesting alloy, similar to Alcoa 47, for

the magnesium perts.

Fuel Pump
The fuel pump was .& duplex unit consisting of & vane rotor pump

mounted on a gear pump. The two units may have served independent
tunctions. A wide variety of metals was used including plein and alloy
steel, wrought and cast saluminum, copper, bronze, brass, and cadmiume.
The extensive casting, forging, machining, and heat-treating operations
must have required many men-hours. The single use ot e free-machining
steel screw stock represents one of the few attempts by the Japanese to

reduce machining time.

01l Sump and Check Valve

The 0il sump end oheck valve shown in Figure 19 contains no un-
unual materials, and standard procedurss seem to have been followed in
mamfacturing them.

The steel adaptors and plugs (see Teble 16 ) contained much more
carbon than would normelly be expected in unstressed parts, but this high-
or carbon would not be objeschiennbl The normelizing tre.tmont would

givo sufficlent machinability.
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The cadmium plating noted on several parts was thin, being at the
most a few tenths of e thousandth inch in thiokmess.
The body of the sump hed a structure resembling Dowmetal C. Pri-
mary beta (Mg-Al-Zn) constituent was prevalent and small amounts of MgoSi
and manganese constituents were observed. The metrix was that of a

solution-treated and aged alloy.

Rocker Box Oil Sump

The sump assembly oconsisted of a 6-8% Al-Mg sand-cast body with
several hose connections composed of brass nuts and steel tubing. Con-
nections either had brass nuts or stesl nuts with brass inserts in the
magnesium ocasting.

No ecriticel meterials or heat-treated parts were used. All ex-

posed ferrous and nonferrous parts were cadmium plated.

A sand-cast aluminum housing enclosed the Quno drive mechanism and
strainer parts. Spark tests revealed that only two pieces were made of
alloy steels (the ratchet end the drive gear and shaft); the rest were
mamifactured from plain oarbon steels. Cast tin-phosphorus bronze bear-
ings were used.

Macroetching showed that only one piece, the piston arm, was forged

and that the rest were machined from rolled or cast stocks
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Machine Gun Synchronizer

The synchronizer parts (Figure 16) were in good condition and well
protacted against corrosion. Most of the steel pérts were cadmium plated,

and many of the uncoated parts were made of alloy steel. Spark tests

indicated thet the alloying elements were chromium and nickel, although
some indication of tungsten was seen. All gear teeth and bearing surfaces
were case carburized.

Two tin-bronze bearings and one brass fitting were used. The hous-
ing was a solution-treated and aged magnesium sand casting.

Although some of the parts were rough mechined, all bearing sur-

faces were well finishede In general, workmanship was good.

A summary of the exeminetion reveals the following:

Cast o « usfferno) SECpras 5 3

Forged v+ ¢« ¢ o ¢« ¢« ¢« s ¢ o o 3 Starter, Fusl Pump, Cil Pump, and
Cam Drive, (C5m-2963) f
Methined from bar stock. . .11

Stamped. + ¢ « 5 < « o s s o b : !
Formed from wire « « « « « & 1
Mechined from tubing . . « . 1
Duplicates not exarined. . . 8
A summary of heat-treating date for the steel parts gave the fol-

lowing results:

Quenched and tempered + . « 13

Not treated « o« ¢ o o« & . . 6

Duplicates not exemined . . 6

Figure l4. Gear CJase Opened - Accessories (Right), 28718
Supercharzer Clutch Plate, Closed (Left). (CEE-2963)
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TABLE 10. (Continued)
Part Weight, Hardness,
No. Name Grams  Rockweli Type of Muterial Remarks
30 Gear Oil Pump Small Check Valves:
Union, Small (2) 18 B 85 Low C steel Machined from stock. Normalized.
Union, Medium (1) 24 B 88 Medium C steel Machined from stock. Normalized,
Union, large (1) 26 B 89 Mild C stesl Machined from stock. Normalized.
Ball, Small (1) 2 B 69 Aluminum Machined from stock. MNormalized.
Ball, Large (1) 5 B 70 Aluminum Machined from stock. Normalized.
Cap, Small (1) 4 B 66 Aluminum ¥achined from stock. Normalized.
Cap, Kedium 1) 11 B 91 Medium C steel Machined from stock. Normalized.
Cap, Large 1) 7 B 66 Aluminum Machined from stock. Normaliged.
31 Gear 011 Pump Comnecting Couplings:
Small, Long (1) 81 B 91 High C steel Muachined from bar stock.
Small, Short (1) 58 B SO High C steel Machined from bar stock.
Large, Long (1) 121 B 92 Medium C steel Machined from bar stock.
4 Large, Short (1) 1086 B 89 Medium C steel Machined from bar stock.
<
e —
i 32 Gear 0i} Pump Assembly Tubes:
Long (1) 26 Low C steel Probably seamless tubing.
Short (1) 18 Low C steel Probably seamless tubing.
33 Gear 0il Pump Assembly Bolts: :
Long (1) 50 c 25 Medium C steel Machined from bar stock.
Short (1) 50 C 24 Medium C steel Machined from bar stock.
Medium (1) 46 Cc 20 Medium C stesl Machined from bar stock.
34 Gear Oil Pump Bushings:
Small, threaded (1) 22 B S8 Brass Machined from bar stock.
Small, unthreaded (I.) 15 Bronze Machined from bar stock.
Large, threaded (1) 42 B 55 Brass Machined from bar stock.
35 Gear Qil Pump Bearings:
Small (2) 9 Bronze Machined from tubing.
Large (s) 19 Bronze Machined from tubing.
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VI - IGNITION SYSTEM

by

A. B. Westerman

The ignition system consisted of two conduits, 1¢ pairs of con-
nectors, three cables, and numerous fittings, unions, and conductors. The
conduits were made by bending Alcoa 25 type tubing into semiocircular
shapes and welding plugs, stemped from sheets of the same materiaml, to
one end of each conduilt and fittings, machined from Alcoa 24ST, to the
other end: Four bands cut from Alcoa 2S5 type sheet were bent &round
end welded té the conduits; lugs stamped from low C sveel sheet were
attaéhed to the bands with Cu rivets. These lugs fitted over the studs
Joining the nose section to the cr.ank-case and helped to hold the ignition
system in position. Fourteen pairs of small nipples end three large
nipples were welded to the conduits at intervels. Each nipple was made by
welding & threaded fitting machined from Alooe 24T type tubing to a
tube formed by bending Alcoa 25 type sheet and welding along the seam.

The two conduits were joined by & union.

The same materials and methods were used in manufacturing the
connectors and the cables. Two flexible tubes, the outer ome meyufactured
by braiding Cu wire and the inner one by spirelling 60-40 Cu-Zn type strip,
were soldered at each end to fittings: One end of each connector and
cable was joined to & conduit nipple by means of & union. The other end
of each connector was attaoched to a cast 60-40 Cu-Zn type elbow with a
union,

Conductors ran through the conduitg aend branched off into the

cables and comnectors, seven into each of the former, and one conductor

into each of the latter. Each conductor consistsd of sevsral strands of

~ =b4-
Cu wire ocovered with fubbor-like insulating material. The conductors
coming through each cable passed through & rubber insulator and e plastic
spacer, which were adjacent to the fitting on the cable end farthest from
the conduit. A plastic sleeve fitted over each conductor end, and a
brass sleeve was forced between the plastic part end the conductor. High
C oolled-wire aprings were fastenad to the eommector ends by means of
screws, which fitted into the brasa sleeves. The ends of the cables were
Joined to the distritutor cepe end the emds of the comnectars to the
spark plugs with unjons.

All of the bress parbs, with the excepkion of the spiralled strip
forming the inner tubes of the connectors and ocables, wera caated with
Sn. The outer syrface of the condults were coated with gray paint,
Leatherette coverings were laced over the cables. The fittings and unions

wore mechined from 60-40 Cu~-Zn type bars or tubing,
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VII - EXHAUST SYSTEM
by
€. E. Levoe
H. C: Cross

The parts as they were received are shown in Figure 2l. The
corrosion on the inside and outside. indicated the parts had seen ser-
vices The memifacture appearedto be conventional with the exception of
the heat treatment. These pieceswsra, as far as could be dstermined, \
ldentioal in method of menufacture and analysis to the oollector ring and
exhaust stack examined and reported in BIOS/JAP/PR. 1490

The fabrication oconsistedof cutting and stamping helf sectlons
from hot-rolled sheet and gas welding the halves together with a low
carbon 18-8 rodi On the ends of each of the stack parts of the collector
rings, a plece of the same material, flanged slightly at one end, was lap
weldeds This plece was bent to form.a circle, welded together, and the
inside machined smooth before being lap welded on the collector ring. The
reason for this machining is that the exhaust staocks fit inside this plece
and must fit tightly.

Small angle fastonings were wolded on the ends of all the stack
parts of the oollector rings and near the ends of all the exhaust stacks.
The exhaust stacks fitted into the stack part of the collactor ring and they
were bolted together through the fastenings. The other end of ‘the exhaust
stack fitted Into the exhaust port in the engine andwas fastened the samo
ways The oollector ringsware fastened together with a sheet metal olamp,
hinged on one side and bolted togothor on the other sides Therewas e
raised groove on the two :}11.;195 near theigzgneotion on all collector ringsj
the clampwas groovad and /grooves ﬁtted/ one another and made a nsarly

eir-tight joint,
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The main part of the ocollector ringwas fastened to the engine for
added stability. Faétenings were welded to small sheets of the same
material as the collector rings; these sheets were then bent in a eirole
and taok welded to the gollector rings.

The sheet used in the manufacture of these partswas approximately
2l U. S Standard Plate Gauge (.036"). It was an ordinary low carbon 18%
chromium, 8% nickel stainless steel with a small amount of titanium added.
The following is the chemicel analysis of & rebreaentative sample of the

collector rings ard the connector (535-119).

E & M M o8 1 oo ow

§33-2 0.09 }8F B¢ Q47 087 0.19 N1 0.04

633=18 12 20,0  8¢7 - .89 - - Nil

The titanium content of this steed was mich .t0o low to stabilize
the stegl. ¥Fivwe times the amount: of carbon 44 usually cansidered the
q.m?unt of titanium neoded. Although the weld metal was 2ot analyzed,
metallographic examination indiceted itwas low eaxbon 18-8 without
titandume There wers titenium inclusions in the :stteel But. none in the
weld metal,

The structure of the sheetwes that of f..cald-worked 18-8 steel.
The strain 1ines indioatedthat. the materiel vms' not annsaled afte-

stamping and welding. Parts luoﬁ ‘a9 these ‘would have been annsaled after

‘welding in this eoungry,




Figure 21 .
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Exhaust Collector Rings -
Sa¥ae«2]l Alrcraft Enpine (CHE-2963).

- 58-

VIII - MOTOR MOUNT
by

D. 0O+ Leeser

The mount consisted of & seamless 1=1/2" diameter X4130 tubing
hoop onto which attachment forgings end 1-1/4" and 1-1/2" seamless support
tubes, reinforced at the base with gussets, were welded. Gas welding was
used throughout. The wolds had neat appearences, but magnaflux tests
showed four instances of incorrect fusion as i1llustrated in Figure 23.

The forgings consisted of two equal halves which were deeply cut
on the welded edge and the entire cut filled with weld material.

Natural rubber shook absorbers fitted inmto the forgings and were
held in place by aluminum weshers machined from bar stock an& coated with
oxldized films, probebly by anodizing. Assembly studs, cadmium plated for
corrosion resistance, fastensd the mount to the motor housing. The studs
hed a hardness of R;. 27 indicating.a tensile strength of‘about 126,000
pes.i,

Hardness and microstructures indicatedthat the tubes and forgings
were normalized and that there was no heat treatment given the frame after
assembly. Hardness of the weld material averaged Vickers 136.( Rgp 76).
Tension tests were made on the support tubes with results shown in Pable
17. BSAE-X4130 steel was used in the seumloss tubes, showing the following

analysis:
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¢ .32 w .01

P .04 ' .02
s AR, b «25-436 '
Mn .60-.70 Cu 18-.25 }I
31 «40«. 50 Sn .010-.070 ‘
N .08-.12 Al .005-,010 |
Cr  1.0-1.2 T4 <.004 l
|

A viscous and partially gelled oil was found inside the motor
mount. It had the following properties:
Density 1,050

. Refractive Index 1.4886

Seponification 215

Numbsr
| . Figure 22 .  Motor Mount For Saksa-21 29778
Aoid Mamber 59 Airers® Zngins (555-2963). I

1
5

The materiael had the characteristic odor of tung oil.. The non-
golled nortion dried rapidly on exposure to air to give a rubbery gel,
which is also characteristic of tung oil.

The data above also support the donclusion that the material was
tung oil sirice they would be oharadteristia of a bodied br bxidized tung

oil or & tung oil varnish.

Flgure 23 . Gas Fusion %¥slde on Motor lloant 2023,
Showlny Porosity. and Leek of 101
™isfon (CR1-2083). Yilsllets Fteh




B-98
B-100
B-99
B-100
B-99
B-S8

Rockwell
Hardness

Tensile
Strength,
peS.ia
119,000
100,000

$3,000
128,500
109,000
125,000
113,000

Yield
Strength,
peS.ie
102,000
83,000
93,000
102,500
84,000
89,00C
92,500

‘2] AIRCRAFT ENGINE (CEE-2963)

Elongation
of Tube
11.7% (8")
8.6% (8")
8.7% (8")
12.4% (8%)
10.1% (8")

OTOR MOUKT (533-45) PHYSICAL TEST DATA -
10.3%

2340
12.5
24
21
20,2

%
# Break occurred on gage markings.

JAPANESE SAKAS

Elongation
in 2 Inches,

TABLE 17.

.051
064
.061
.055
.057
.057

Wall
_ Thickness,
Inches

Qutside
Diameter,

Inches
1,179
1.418
1.575
1.425
1.432
-1.565

TEST
NO-

Average

362-
. IX -« PROTECTIVE COATINGS

By E. E« MoSweeney

Magnesium Castings Suitable protective treatment of megnesium alloy cast-
ings was provided. This consisted of a piokling pretreatment in order to secure

good paint adherence, followed in most cases by en application of gray alkyd-
regin enamel.

The magnesium diffuser oesting was given an umusual treatment, both in

respect to the pilekling bath and the surfmoe voating. Selenium was used, prob-

ably as selenium-dloxide or sodium selanite in an :squeous solution with ortho-
phosphorioc acid to.produce a protective film by the ‘selenite proeess. Follow-
ing this treetment the casting wes coated with a very thin layer of an oily wax
containing a flake materlal which resembled graphite. No paint or other coat-
ing was applied.

Gear Plate The friction material molded on the gear plate wes woven
asbestos cloth impregnated with phenolic rosin.

Aluminum Housings

The gray enamels on the alumimum housings wcre very

good coatings. It was insoluble in the common orgenic solvents and had excel-

lent hardness, flexibllity, and adhesion. It was a baked enamel containing no

phenolic or elkyd (phthalic) resins. The vehicle used was probably a tung oil-

natural resin varnish. The pigment was principally Zn0O with some inert fillsrs,

Cylinder Barrel and Head

The exterior and cooling fins of the eylinder
barrel and head were coversd with black coatings which had blistered consider-

ably and had very poor adhesion. Ignition of the ocoating showed the presence of

a large emount of gray inorganio residue, indicating a high concentration of

inert fillers in the coatings. The vehicle was probebly an oil or varnish, but

apparently conteined no elkyd or phenolic resins, although it was so far decom=

posed as to make any conclusions as to its original composition very indefinite.




-63-
The interior. 6P the .cylinder head hed a blaock coating which appeared

to be largely carbon reésulting from carbonization of the oil.

Cylinder Gasket This wes a wire mesh impregnated with rubber or
synthetic. |

@gim'hmish Connecting rods, pis’cons; and related parts of the
power assembly were heavily coated with an engine varnish which hed aococum=
lsted fram the bresakdown, of ‘the lubridating oil. Magnageuge measurement
showod this. layer to be 00008 to +000% inch thick.

American radial airoraft erginss run urider conditions most ‘fayor-
able to the formation of engine vernish have adquired coetings .0005 inch

thick in 250 hours of bpération.

HWG:LHG: JRC/sm:vciio
September 8, 1944
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TRANSLATIONS OF MARKINGS On SELECTED PLATES FROM JAPANESE
SARAE-21 ENGINE #21327

A, 0il Pump Plates

011 Outlet 0il Outlet Mouth
Before Speed=-ad justing Main oil
, starting. pressure valve. pressure gauge.
B. Fuel Pump Plates
Pump ' Outlet
Place this on the Outlet Qutlet
side in assembling. Direction of rotation

C.. 0il Strainer Plate . g

e
Inspection Stamps%),i, @

Automatic oil filter, Model 11

Number ? 8188
May, *?
? ? Kaisha

D. O0il Sump Plate

0il Outlet
E. Clutch Control Plate

Speed I <¢——-> Speed II

F. Gear Cese Plates

0il Inlet 0il Qutlet
G. Gun Synchronizer Plate

SAKAE Type-21 Machine Gun Transmission System.

O Numbei' 73 ,J-}
' Nakajima Hikoki K. K.

H. Gear Case Accessory Plate

Intake Pressure Gauge Handle

I. 0il Pump
Input

Output (Notes The plate with the character for "output"

is upside down in the photograph.)




The interior.o? the ¢v’

to be largely carbon resv?;
o

gxl inder Gaske’

synthetio.

FSANYIVL N

Ensin.q

power assf
lated

sk

R~ DERIGHRE
- o FIEE
B RITR AR ER

50210

Pirure 24. Yame plates from the Japanese Sakae-21

aircraft engine, Serisl No. 21327.
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TABLE 18. SAKAE=21 AIHCRAFT ENGINE (CEE-2963)
"WEIGHTS AND MARKINGS

Part Weight,
Noi Name Markings . Grams
10  Cylinder Barrel No. 21327 (02) 1268 g 14 7400
11 Cylinder Head Chris 17 3F 622 [} 1068 1 6800
12 Push Rod (Valve) End - RS6, RES 197
13 Push Rod Tube Assembly

(Pach-Nuts)? 204
14 Rocker Arm Assembly RES LIJ_'I , RS6 frb @ 454
15  Baffles and Bolts (3) 221
18 Valve, Intake 267
17  Valve, Spring Assembly qtl S 903
18 Valve, Washer Locks 98
19 Exhaust Stook JB @ G A 197
20 Valve, Exhaust 379
21 Rocker Box, Gasket, Cover: 47 s 7 t]i/" 6 TR 6 198

Studs, and Bolts .

Vg, O, 129.7

22 Spark Plugs YIHE 246 () 89
23 Rocker Arm Ol1l Lines

and Connection 40
24 Intake Manifold Assembly 488
25 Gear Oil Pump Housing Spacers: (1) 17AF 937 « 367 1940

Assembly (5 parts) (2) 367

Large: No. 21327 - 367

Mediuma %
Smalls é%)

17AF1411 - 387 :p@c%

16AF4874. - 367
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Table 18« (Continued)

Part Weight,
No. Name Markings Grams
26 Gear Oil Pump Gears (9) C}3 appeared on ell steol 441

parte.

27 Gear Oil Pump Shafts (3) Ditto 629
28  Gear 0il Pump -4

Large Cheok Valves (2) 138
29 Gear 0il Pump n

Med. Check Valves (1) 112
30  Gear 0il Pump ! "

Small Check Valves (3) 97
31 Gear 0il Pump B

Connecting Couplings (5) 366
32 Gear 0il Pump 2

Assembly Tubes (2) 44
33  Gear 011 Pump " '

; Assembly Bolts (3) 146

34  Gear 0il Pump Bushings (2) % 979
35  Gear Oil Pump Bearings (8) 2 28
36 Starter Houd ng 2751
37 Starter Fly-wheel and 2-8166 (Also 2-8148 M) 1879

Bearings NTN KS025 25
38 Starter Crank Assembly 6302 IT II NSK 423

and Bearing
39 Starter Auxiliary 3201- NSK JT II 887 286

Gear: Assenbly
40 Starter Ratechet Linkage

Assembly 158
41 Starter Ratchoet Assembly 790
42  Starter Clutoh Springs, Etc. 167
43. Starter Clutch Housing, 2-3901 NTN M KS=-083 .83-7 1122

Bearings and Plates (Also 2-4014 and 2-4006)
44 Starter Clutoh Gears,Etc. 6201 NSK JT II 1008
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Teble 18. (Continued)

Part Wbighéj
No.. Neme Yarkings Grams
45  Motor Mount K03 - 7 (53190 14, 930
46  Crankshaft (3 Sections) F 387 No. 21327 II 29,940

2 Plug No. 21327
Front Crankshaft Section  No. 21327 (32) 100 @1 F 387
47 Crankshaft Bolt and Washer 468
48 Propeller Shaft i (02 156 @  wo. 21327 16,300
49  Bell Gear No. 21327 8,170
50 Planet Spur Geair No, 21327 305
51  Sun Gear th 67 4,096
62 Cam II 41 8se 5,905
53 Valve Inserts - Inteks 80
= Bxheust 80
54 Piston Pin and Ends 400%
55  Master Rod No. 21327 @ 484  F3 4,308
7, 6, 5, 4, I @ e &
Chris F3
56  Articulated Rod (1) No. 21327 11 @D 5483 th F4  g07
(2) No., 31327 II 6292 § F1
(3) No. 21327 11 (1 6497 @ p 7
57  Impeller Shaft ¢ Ko. 21327 | 1,956
i " Bearing NTN 2-126 6008 FPB 40
NTN No. 21327
58  Impeller DMive Gear g No. 21327 4,638
59 Crankease (3 Sections) Stemps on Cylinders Rg, R, R5; Fq 37,350
On Insidet R : Rz .
Oil Buff F No. 21327  F II @I 776 426 ) Chris
Otler Side: S 15 426 II 7
60 Piston

4694

6 Chris

s
1.21 OKG F ,{ay__.;[cp 3 1,210
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Table 18. (Continued) .
Table 18.. (Continued) e e Part . " Weight,
Part Welight, No. . Name Marking Grams
No. . Nomp Markings - Grams 76 Machine Gun Cam Case  Washer P
61 Blower, Case. No. 21327 1 | 65 17,230 ' i
e _ @ m . 76 Cam Drive Shaft & Gear Gear: ‘
17ap6¢ () NIN 7 -V~ ¢o 2,458
Bearing: Total
62  Impeller 160 280 @ o 2,840 : KA 20 NTN
No. 21327 § 77 Cem Assembly Cam b
65  Nose Casting Chris 17AF1267 I1 @2 362 @ 19,200 | shart: b
Name Plate torn off., ' Bearing: RT. NTN KA20 NTN
64 Diffuser @ .4245 '&’ 1,816 Cam: 42
65  Master Rod Bearing 2-1680 © 311 Lugt RT. B Bt 2
66 Artioulated Rod Beering 50 78 0il Sump Check Valve Seat: 10) 37
67 Rocker Shaft Bearing 45 Plunger: #—
68 Impeller Bearing Nao. 31327 ¢| 113 ) Bushing: e @
69 Front Cam Bearing 360 | Adaptor: HT
70 Fuel Pump . Case: 394 No, 21327 th % 1,086 | 79  0il Sump Body: @ No, 21327 1,098
16 AF 4850 77 AF 273
Lid; 394
80 Cuno Drive Ratchet & Strainer Parts 329
Shaft: ¢
:p [P : 81 Cuno Drive Case 384
Nipples: !
82 Cuno Drive Mechanism 229
71 Fuel -Pump :Assembly, Plug: O 592 | . ) dj
8 Ring Gear (Shoek Absorber No. 21327 1,311
. E S 11 ng ’
72 ‘Fuei Pump Case- Case: 2 \]9/ q_ F:‘f &3 szlf A 399 245 |
F _ 84  Impeller Drive Control No. 21327 252
Plugs: 22246 © (st (@) (25
85 Propeller Shaft Bearing NTN No. 21327 4,751
Gauge: 299 NTN 2-466 C  Ke 95
73  Diaphragm Adsembly Case: Lh 77 °% A 354 86  Propeller 0il Tube 1,134
78 = FuwlI 5kl
87 Planet Gear Cage 8,108
Lide 209 U170 s28 & (O
, 88 Crank Main Bearing Frontt NTN No. 21327 p 2,250
74 Driving Gear Assembly 826 KR 299 2-2211 ¢
Slip Ring Shaft: No. 21327 ] 2 W NTN 2-2211 No. 21327 F
Bevel Gear Shaft: No. 21327 @ ,
Small & Large Bevel Gear: Yo, 21327 iy , Center: NSK 8745 1A No, 21327 3,820

Ball Bearing: 6005 NSK J A No. 21327 i




=§5e~-

Table 18. (Continued) '

Weight,
Name Merkings Grams

Crank Main Bearing Rears NIN No, 21327 * K 2,250
KR 299 2=1779 MC
C NTN 2-1779 KR 299

‘Push Rod Réller |

Propeller Governor Shaft
and Gear

Crank Center Main Beering Retainer
Center Bearing Crank Wedge ® 85
Rear Cam Plate © No. 21327
Impeller Cover Plate 17 AF 740 No, 21327
Knuckle Pins F2 4 1102 484
Inteke Section No, 21327 I €8 355 (B) 14,900
@) 17 xF 1665
Gear Cass No. 21327 17aF247 g% 11 €2 11,400
780 B IR |
Gear Mounting Plate N0.21327 TI %. 174F572 ip 65 4,788
?:
Tail Shaft th wo., 21327 : 2,270
Ignition System 14,000
Rocker Box Oil Sump _ " 1,415
Lifting Eye _ 60
Crenk Extensal on Startor Rachet No. 21327 FT717
7102 Eb @
104 Gear Case Drain Pipe “
105  Impoller Control Assembly  No. 21327 [h Y

106  Mignoto Drive Gear No, 21327 b

c
59-10 041 Seal Rotelimor 17 A B 115

C.HK. Ltd,




