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FOREWORD

A Japanese Sakme-12 alrcraft radial engine, Serial Noe. 134676, was re-
ceived from the Technical Air Intelligence Center at the Naval Air Stetion,
Anscostia, D. Ce, for metellurgical examination. The designation CEE 20505
was asgigned by the Navy and BMI 704 by Battelle Institute. The engine was
captured on Saipan in June, 1944, It was mounted on & wooden cradle of Jap-
anese origin, and appeared to have been removed from a repair station rather
than a Japenese airplane. The following information was supplied by the For-
o1gn Economic Administration:

"Name of Menufacturer: Nakajime Hikoki K.K.

Estimated Date of Manufacture: November or December, 1943.

The information obtained in the examination of this engine has been
compared in detail with that obtained from the examination ef Sakae-12 Engine

No. 121592 and Engine No.2842 examined by Pratt and Whitney.

The engine exemined by Pratt .

and Whitney was reported to be a 8akse-12, tut probably was a Type 99-960 HP
Japanese Army engine closely related in design to the Sakae-12 Jepenese Navy
Engines Where duplicate data are given, they are recorded under the serial
number 6f the engine tested,

A study of the Sakeae~12 engine exomined for this report revealed a

number of changes in material and some changes in memfacturing methods over

" thHose emplnyed in Sekee engines of earlier manufacture.

The steels used were clean, of electric furnace quality, and nearly

all were alloyed. Molybdemum an.d chromium were the most commonly used alloy-

ing materials, and these were found in nearly all of the stoelse High

nickel contents were found in nearly half of the s{:eels, although
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the number of appli cgt:tons where nickel steels were used was reduced by
half, in comparison with sarlier sngines. Niockel in amounts up to 0.5%
in the replacement steels appeamd to be residual. from the use of alloy
gerap. The use of large quantities of secrap in making the steel was also
indicated by high copper and tin residuals. Tungsten probably was added
as an ailoying material in the master rods and articulated rods. That
vanadium was not found in the structural stee1§ v'as in line with pre-
vious observations on Jepanese alloys. Manganese showeda reverse trend
from the previously observed low values in those steels where nickel had
been reducedy; it was definitely added as an alloying element in some of
these steels. Silicon appeared to have been the primary deoxidant in the
steels, although in some of them alumirum was used as well.

Aluminum alloys for both forging and cesting were similar to those
ugsed in American practices The nickel content of the "Y" alloy, commonly
used for the cylinder head, was replaced with twice the gquantity of sili-
con. The cylinder haad showed excellent casting praotice, and did not
appear to have softened unduly at engine operating temperatures,  Magne-
sium alloys were used only in the diffuser and the small accessory gear
housing. These alloys contained aluminmum but no zine, as is customary in
German and American practice.

The main roller and ball bearings were made from steel similar to
SAE 521005 they wers forged, correctly heat treated, accurately maehine‘d,
and ground. Sleeve bearings wers cast-bronze, leaded-bronze, coppser-lead,
nickel-bronze, leaded niekel-bronze, wrought duralumin similar to Alcoa
178, cast aluminum alloy with tin and copper additions, and tin-antimony.
This variety of bearing moterinls showed careful selection -and attention
to the needs of individual applications, Most of the/{:::f';r:xgs, including

those made from aluminum-base alloys, were held in plece with bronze pins.
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The aluminum bearings have high thermal expansion and low yield strength.
If a correctly slzed bearing is made at room temperature, it is liable to
upset at the engine operating tempsrature with a resulting permenent de-
formation. Aluminum-tin alloys stend up well at high speed and under a
light load where the temperature change is mnot great.

Fabrication practices did not show eny great changes when compared
with those used in earlier engines. Excessive machining allowances wsm
8till used for some steel forgings with the resulting end grain and poor
directional properties where it ocecurs. Cold-drawn valve springs were
substituted for heat-treated springs. Small unimportant parts, such as
washers, continued to be made by machining from bar stock.

An exemination of the heat treatment employed showed a wide use
of case hardening, nitriding, and, in one case, induction hardening.
These were usually applied over 2 fully hardened core structure. Tha
heat treatment was occasionally inconsistent, as some nuts were obssrved
to be quenched and drawn, while the bolts were not, The white luyer wus
not always removed from nitrided parts as in the case of the sun gsar,
while the core structure was too soft for the hardened nitrided core on
the eylinder barrelss.

The surfoce finishes of highly stressed parts continued to be good,
although not as much care was taken as with earlier engines. Codminm
plating contimued to be used extensively for corrosion protection of
steel and brass parts, although it was replaced by zinc for the impell:r
shaft and omitted entirely from the springs in the spring.loaded geaor.
Chromium plating was used to prevent wear of the plston compression rings

and to prevent galling of the master-rod bearing.
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ECONOMIC CONS IDERAT IONS

The lavish and wasteful use of alloying metals was corrected to
some extent in this engine. In moany of the more important parts the
nickel content of the steel had been reduced, in some cases to the point
where only residual nickelwas indicateds To compensate for this, the
chromium content for most of the parts had been increased, a significant
increase in carbon content was noted, and many of the steels carried
molybdenum, manganese, end silicon as well. The net result is that Japa-
nese airoraft steels are still more highly alloyed than their American
counterparts.

These changes indicate that the Japonese have startsd making the
same changes that ths Germans mode in 1940 and 1941. They do not go all
the way, however, and adopt German practice as of Decembor, 1943. The
high alloy content of the Japanese aircraft steels still leaves consider- -
able savings to be mu&e in the conservation of strotegic metals without
an appreciable sacrifice of performance.

In addition to the nickel savings in steel, nickel was elimina@ed
in the alumimm-alloy cylinder head, and nickel-bronze was replacea wiéh
coppor-tin and copper-zinc alloys in the valve guidses and tappet assembly.
Zinc was substituted for cadmium plating, and steel for the aluminum-bronze
in the counterweight of earlisr engines. Thess changes are in line with

correcet conservation practices,
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DISCUSSION OF RESULTS

The Sakee Emgine No. 124676 is shown as-received in Figure 1. All
of the ports were exemined for herdness, microstructure, cases, coatings,
and fabricating me{:hods. The ferrou.s parts were spark tested, and selected
parts were enalyzed for chemlical composition. The Japanese markings ap-
pearing on the various parts are reocorded in Table 1ll. Detailed informa-
tion on the individual parts is given under the various engine section
headings. Usually this infonn_ation is in the form of tabulated ahaly‘.:i-
cal data, tabulated metallurgical data, and a written discussion covering

the important parts.

LHG:JRC/ic
February 16, 1945

Japmeu salea.e-la nmm Eng:tm rq..' 124675 (CEE 20508).
Aimmf‘t :.ng:l"e Captursd mt,‘,&bm Jum. 1944,

33048




-8-

POWER SECTION

By Morse .Hill

The power section of this Japanese Sakae-12 was not greatly
different from that of an engine of earlier serial number.
The small differences which did exist
are discussed under the headings of stationary or crankease parts, rotat-
ing or crankshaft parts, and reciprocation or rod parts. The details of

the individual parts and their analys»s are shown in Tables 1 and 2.

Crankease Section

A three-section crankcase was used {Figure 2). Inset becking
rings supported the main roller bearings, An elumimm alloy of the
Alcoa 175 type was used in the solution heat-treated and aged condition
for the crankcase; ‘this practice appearrdto be customary for most Jipu-
nese engines. The solution treatment, as shown by 'undissolved micro-
consituents, was not so complete as in other erankcases previously
examineds The low lines, as usuel, for the aluminum forgings conformed
well to the contour of the piece and indicated extensive breakdown of the
original structure. The backing ririgs for the main bearings were evenly
carburized. The bearings hed been evenly and fully herdened.

Attached to the crankeass were two baffles for directing the flow
of oil. They were cast from a high (5 to 10%) silicon, aluminum alloy,
end had not been heat treated. Ths cylinder studs which wore set into
the crankcase were cadmium plated after machining from bar stock. Thay
appearod tc have bsen uniformly heat treated in such o way as to produce
a homogeneous microstructure. Herdness was uniform within 2 range of 5

points on the Rockwell "¢" scale.
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Crankshaft

The manufacture of the crankshaft followed the usual practice of
forging nearly to shape, maehining,and carburizing the throws,
The flow lines of the forward section of the shaft (Figures 3 and 4) were
the first observed in this part and did not reasonebly follow the contour
of the partj thet is, the flow lines in the web between the main bearing
and the throw wsreall parallel ta the lines in the long center portion.
The carburizedarsm conformed to the throws well, and ftwas quite uniform
in depth and hardness. Apparently, the bearings functioned well, for
there was but little scretching or scoring of the bearing surface of the
cronkshaft. The apalysis was one of the few found in this part whioch
used less than 4% nickel, The crankshaft bolts also showed less nickel
than has been frequently found,

Different from some other early Sakae engines', tut similar to late
Japanese practioce, was the use of stesl for the counterweights. Probably
beocause strosses are low, ths stesl had not been heat treated after form-

ing,

Rods

The master articulated rods and retaining pins were similar to
those found in other Japanese engines. The materials used were of the
same type-.as those used in other engines. Tho rods were heavily marked
in ths web after the ‘Japcnese custom, but were smoothly finished on the
outside surfaces. Piston pins and kmuckle pins were also similar to those
reported earlier for this model of engine. Nitriding of knuckle pins is
uncommon in most Japanese engines, nlthough several of the Sakee engines

have followsd this practice. The nitrided cese was even and had been

ground so. thot all or the white layar was removed.
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Master Rod Bearing

The master rod bearing was a cast copper-lead alloy, approxi-
mately .024" thick, with a comparatively coarse dendritic structure and
some lead segregation. No lead plating or other surface treatment to
prevent corrosion of the copper-lead alloy was observed, although it has
been used in other Japenese engines. The plating may have been removed
by wear, as soms scoring was observed. The copper-lead alloy was cast
against a thin steel shell, which in turn was keyed through a side flange
to the master rod, a single key being used., Both the steel bushing and
the surface of the master rod against which it was placed were ground
and highly polished. The care used in finishing these surfaces may
have been intended to insure a tight fit and to decreuse fretting; how-
ever, fretting had occurred on both the master rod and the stoeel bushing,
The fret marks were very uniform on both surfaces and followed a pattern,
which may have been caused by chatter marks in grinding or by engine
vibration. It is generally necessary to prevent movement between the
parts in order to eliminate fretting. Dissimilar materials usually show

less fretting, as do surfaces which are intentionally roughened by grit

blasting.
Pistons

The pistons were but little different from those of other engines,
although the heat treatment had been unusually successful in producing
high hardness, which was retained in the skirt of the pistone The custome

ary softening was noted in the crown. Examination of pistons from this

and several other erngines indicated that cast blanks mey have been prassfrg

*Examination made by Rustay of Wyman Gordon Compeany

ell-

to the final sheape. Press forging wﬁs indicated by the internal smeoth-
ness of the piston. Even deep in the yaffle pattern, no machining marks
were evident. The microstructure indicated the use of caBt blanks, The
copper constituent was not broken down so much as it would be in rolled
billets, but rather rstain=d asuggestion of dendritic forms. Also, the
distribution of the copper compoundesiess even than would be expected in

a piece which had been broken down by rolling or extruding.

The piston rings were the most unusual feature of the whole power
sectien, in that their shape was different from that of other rings
examined and that several were feund to be broken. The oross-section

showing the shape ef the piston ring appears as follews:

1:010-.015
Qe s -
PSR ?_72__-.__:( ”r
002, Rad,/ T-.094-.097
.080-.085 ~ l _
R 1y
g 1685170 I
¢183=.185 11 0025

Dimansions in Inches

The shapse suggests thal thz ring may have worn to this contour, but thé
measursments obtained on several rings from different places and different

pistons indicetzd that the sesotion shown«was,iptentional,and, 8ince the
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Nothing in the mstallurgical

design was intended as a seoraper.
The rings fitted rather loosely in the slots.
type of ring was used for the two top rings dnd for some of the bottom
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large rim was uniformly on the skirt side of the ring, it ssemcdprobable
structure of the broken rings indicated the nature of the material as a

that this
cause of fallure.
February 17, 1945

rings.
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Partial Disassembly of Sakan-12 Showing Arrangement of
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Figure 2.
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Sekae-12

Push Rod Rollers, and Power Section of
124676 (cEz 20505).

Front Cam,

Aircraft Engine No.

Fipure 3.
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Figure 4. (CEE 20505) 33228  ®igure 8. (CED 20505) 323233
Crenkshaft, Jrankcases, llaster Rod, Yose Assembly: Propelisr Shaft and Bearing,
Articulated #Hods, CGounterwsdght, end Reduction Gearing, Cam, and Crankcase.

Vein Bearing.

Figure 6. PDisassembly of fylinder Section: Valves,
Rocker Arms, fusr Rods, Gaffles, end Intake Manifold (Ciw

33227
20505).
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CYLINDER ASSEMBLY

By A. B. Westerman

.

The disassembled view of the cylinder assembly is shown in Figure 5.
Details of the major parts are discussed in the following paragraphs.
Analytical data are listed in Table 3, and complete.details of construc-

tion are given in Table 4.

Cylinder Barrel and Head

The eylinder barrel of the 1943 model was forged from Nitralloy 135
modified steel with low aluminum; that of the 1941 model from Nitralloy 135
Type-G steel. The barrels were quenched and tempered, and the bore surfaces
were nitrided to depths of .006/.010". The resulting cese and cors hard-
nesses were 995 and 270 Vickers, rsespectively, for the later model and 942
and 380 Vickers, respectively, for the earlier one. The barrels were
fairly well finished and had generous fillets at all changes of sections.
The barrels were covered with black paint or enamel with iron-oxide pigment.

The cylinder heads were both sand cast with the use of numerous
cores, the 1943 model from a Cu-Si-Mg-aluminum base alloy which is not
commonly used in the United States, ond the 1941 from the widely used
Alcoa 142 alloy. Both oylindsr heads were slightly porous; however, in
general, the quality and surface finish of these castings were good. Both
were solution heat-trsatsd and aged to Vickers hardnesses of 68 und 73 for
the 1943 and 1941 models, respectively. No costing was found on the 1943
cylinder head; the earlier one, however, was covercd with bleck paint or
enamel with iron-oxide pigment.

The exhaust and intaks valve seat insecrts of both modsls were forged

sarbon,
from austenitic medium / Ni-Cr-Mn steel, which is not commonly used in




«18-
this country. The inserts of the 1943 model averaged 191 Vickers hardness;

of the 1941 model, 185 Vickers.

Push Rods

The push rod of the 1843 model oonsisted of two ends machined from
SAE 1035 steel, press fitted into low-carbon alloy steel tubing. Each
end was carburized to a'depth of +04", and was quenched and tempered to
Vickers hardnesses of 772 and’ 204 for the tase and core, respectively.
The fact that this ‘core hardness was low and that the core was not fully
hardened might be attributed to the use of too low a quenching temperaturs.
The tubing was coeted with cadmium, and was in the quenched and tempersd
condition with a Vickers hardness of 414, WNo rush rods from the earlier

model were exemined.

Rocker Arm

The rocker arm of the 1943 model was forged from SAE 3435 steel and
that of the 1941 model from Ni-Cr-Mo steel, and each was quenched and
tempered to an average hardness of 344 Vickers. Flow lines representative
of good forging practice were revealed by macroetching. Both rocker arms
were coated with thin layers of cadmium. |

Ths rocker arm beurings of both models were cast from phosphore
bronze. The Vickers hardness of the 1943 arm was 1463 of the 1941 arm,

136.

Valve Springs

The valve springs of both models wsre fabricatzd oy coiling high-
carbon steecl wire of circular cross-secction. The springs from the later
model wers in the cold-drawn condition and had hardnesses which ranged

from 355 to 457 Vickers, averaging 398. The springs from the earilier

-19-
model were quenched and témpered; the hardness were teairly uniform and
averaged 532 Vickefs.

Structurally, the valves of the Sakae engine were very similar
to valves of like function from other Japanese engines which hag been
examined previously. The inteake valve was made from a single pisce of
steel of the foilowing approximate composition: ¢ .4, Cr 12, Mo i.2,

Si 2.53/%See Table). This sbteel had been upset from bar stock to form
the head. The stem tip had bsen hardened by heat treatment to 338 VDH.
No facing material was used .on the valve. It appeared not to have been
operated at temperatures which would cause changes in the micrestructure.

The exhaust valve was a hollow head, sodium-filled type, formed
by forging and machining. A 14% Cr, 147% Ni steel with 47 W, 2% Si, and

«25% ¢ similar to AMS 5700 was used for these valves. After the sodium
had been inssrtad, the opening was plugged with a round plug of a materi-
al, which appeared to be similar to the intake valve discussed above,
and a piece of tool steel attached by welding. The tip had bren cut
from the end of a bar. The stem had been nitrided, but the hardness
was only VDH 520, The seating face of the head was of stellite compo~
sition and had been deposited from ewsldig /§§§Jhurdness, 495 VDH, was

normal for this type of material,

CHEMICAL ANALYSES OF VALVE COMFONENTS

Nrime No. C Mn Si Ni er V Mo fu Sn W

Intake Valve 16 «41 .42 2.33 38 11.5 042 1.22 .17 .008<,01 Ti .008

Exhaust Valve 20 «35 &9 2.03 12251765 14.2 024 .19 .09 .098 3,60 Al .041

Bxhoust Valve 20A1.53 .18 1.7 22,7 496 Co 57.6
Face

Note: Iron is balance in all analyses
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Cylinddr Assembly - Cont'd

Teble 4.

Remarks

#124676 #121592 Type of Materiel

Weight (g.)

Name

BMI No.

Low-C steel and Cu-Sn Maschined rod with machined
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Forged; quenched and tem-

pered

Austonitic Ni-Cr-ln
steel

190

198

120

704-53h Exheust Valve Seut

Inserts
704=53B Inteke Valve 8eat

Forged; quenched end tem-

Austenitie Ni-Cr-Mn
Steel

179

183

110

Inserts

Phosphor bronze

136

Rocker Arm Besring

146

36

704=-67
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NOSE SECTION

By F. M. Stephens, Jr.

The nose section assembly, containing the propellar shaft, reduc-
tion gears, and front cam assembly, is shown in Figure 6. Analyses of
the major components in this section are givén in Table 5, while complete
details of heat treatment, method of fabrication, weights, and hardness
are glven in Table 6.

Significant differences in composition were notsd between the com-
ponents of this engine and those examined in the Sekae-12 Engine No.

121592

Bell Gear and Sun Gear

The bsll gear and sun gear wers forged from stesl similar to
Nitralloy G. The goar teeth and bearing surfaces were nitrided to a
depth of approximately «0l inch. Microstructures (Figure 7) showed tha
the nitrided white layer had been removed from the bell gear, but still
remained in places on the sun geser. Tho case hardnesses were 824 VDH for
the bell gear and 927 VDH for the sun gear. Macroetched seactions ro-

vealed flow lines indicative of good forging practice.

Propcllar Shaft

The propeller shaft was forged from steel similar to NE 8630.Theussof

sleel v
this ft@s a definite departur: fior fermer practice where high alloy steels

were used. Ths rasulting nroduct showed a VDH of 330 and a tensile
strength of 147 000 p-s.i. The physical properties comparad favorably
with thoso of the higuer alloy steel previously used. Macroetched.sec-

tions showed exccllent forging practics.




23
Front Cam
The front cam was forged from steel similar to British Standard
Alrcraft Steel 25-28. The cem surface and géar teeth were carburized

.03" deep, and showed a VDH of 805. The piece showed good workmanship.

Planetary Spur Gear

The planetary spur gear was forged from a steel not commonly used
in this country. The stesl contained 2.25% chromjum, «55% nickel, and
+247% molybdenum. The teeth were carburized to a depth of .02" end a VDH
of 358. Workmenship was of good quaelity, Forging flow lines and the

carturlzed core are shown in the macroetched section (Figure 8).

Nose Casting

The nose housing was cast from an alumimm alloy similar to Alcoa
A 108, and was in the as-oast condition with a VDH of 77. The casting

wag somewhat porous.

Cam Bearing

A tin-base babbitt was used for the com bearing, and was cast on a
) of the babbitt
steel backing plate. The VDH/was 26.

FMS:ic
February 17, 1945

TABLE 5.

CHEMICAL ANALYSES OF SELECTED NOSE SECTION PARTS FROM SAKAE-12

ATRCRAFT- ENGINE NO. 124676 (CEE 20505)

A - Feryrous Parts

Al Ti

Y Mo Sn

Spectrographic, %

Ni Cr

33

Chemicel, %

Name

BMI

Noe.

«038 016 <,004
«035 023 <<.004

«27
«13

«16
«52

«64 <38 «51 22 <01 <<.02
4T 20 336 1le23 <01 <02

<026 <029
«013 <012

Propeller Shaft ,#124676  «3
222

Propeller Shaft ,#21327

48

+083 1.15 <«004

225

21

043 le72 <01 <.02

36

<017 «027 55

«45

Bell Gear

49

«008 <,004
«012 006

<0565
.095

225
25

24
«17

55 220 <01 <02
+46 <01 <02

«29
22 4.42

«87
61

«020 <011
.018 +014

«20
«18

Planet Gear, #124676
Planet Gesar, #121552

50

2066 1.06 <004

.25

«29 «26 153  <.01 <.02 .21

«46

«033 «+028

«37

Sun Gear

51

1
0
«23 007 -016 ST 29 4.08 97 <0l <Te02 33 17 <050 .008 <.004

Cam

62

Chemicel, %

B = Nonfaerrous Parts

Ni

Ssn  In sb Pb Al

Fe

Si Mg

Cu

Nil

o44

01 <<.01

4,00 4.42

Nose Casting

63

Nil Nil

Nil

Tre

59

89.9 -08

4.20

59

“sn by difference.

Cem Bearing®
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Figure 8. (CEE 20505) 234539
13X

Planst Gear Sakas Engine No. 124676;

Forging Flow Lines and Case Hardensd Surfecs.

Btch 1:1 HC1 HaO

Figure 9 (CEE 20505) 34964
Impsller - Sectioned Through Hub at Top;
Forging Flow Lines and Grain Size.

Btch Flick's Reagent
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BLOWER SECT ION

By Des O« Leeser

Impeller Shaft

The impeller shaft with integral spur gear (57A) was forged from
SAE 4130 steel modified with increased emounts of Cr and Mn. The gear
teeth and outer bearing surfaces were carburized about ,035 inch, and
then given a quench and temper heat treatment. Nonwearing surfaces were
zinc plated about .00065 inche.

Impeller shaft bearings (68) were cast of an aluminup alloy oon-
taining tin, copper, and magnesium &8s recorded in Table ls This is the

first high-speed aluminum bearing found in Japansse snginese.

Impeller Drive Gear

The impeller drive gear (58A), Figure 11,/%2:ged from a Ni-Cr-Mo
steel as tabulated in Table 7. Hoat treatment was similar tolthat of
the impeller shaft described above, but the teeth were carburized only
+02 inch., There was no coating on the drive gear, but the shaft (38B)

on which it fits was cadmium plated approximately .0003 inche

Impeller

The impeller (62) was .orged Crom Alcowc 178 type aluminum alloy,
and heat treated and egeds It was given an anodizing treatment similar to
other Japanese impellers examined. Hub splines, machined into the
eluminum made it unnecessary to use a dissimilar metal for the hub.
Forging practice is shown in Figure 9.

Upper surfaces sf ths impeller vones and the inner surface of
the diffuser were severely worn and scratche@/iﬁﬁhicatad that ene or
both were not properly seated and had rubbed against each other in eper-

ationa.




Impeller Cover Plate

The impeller cover plate (94A) was forged, heat treated, end aged

from an aluminum alloy similer to Alcoa 258. It was anodizsd.

Blower Casé
The blower case (61), Flgure 10, was sand cast_ from aluminum
alloy equivalent to Alcoa 85 (4% Si - 4% Cu). Casting technique was

good and porosity was at ‘a minimum. Hardness values averaged VDH 80.

Diffuser
The diffuser (64), Figure 10, was cast from a magnesium alloy
gimilar tq Dowmetal "R". It was not solution heat treated, but was

pickled te give e protective oxide coating.

DOLs¢rrr
February 19, 194§

Figure 10,

Blower (hae[. Impeller,
The ‘.tmpoller ahlft and

(CEE 20505) « 33230

and Diffussr,.

crankshaft extension are Ishmm in the diffuser

case and ai‘r ;ntake sections

Fig:ro 11. £t
~Air Intake Section and
‘Gear Mounting Plate.

(CBE 20505) 5 e gs&
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Supercharger & Blower Section = Cont'd

Table 8.

Type of Material

VDH

Wwt.
(z%)

ame

N

Part
No.

Heat Treatment and Remarks

Stamped from sheet, then quenched and
tempered.

High carbon steel

333

103

Springe-Loaded
Gear Cover

83D

Impeller Cover Plate

944

Forged, heat treated, and aged.

Alcoa 258

125

3,100

Impeller Cover

94B

Machined from tubing.

381 Core Nitralloy steel

1,080 Case

88

Plate Bearing

Nitrided .005",

quenched and temperede.

-cast, not modified or heat treatede.

&lcoa” 85 alum- AS
inum alloy
446 Core Alloy steel

707 Case

100

10,400

Air Intake

Section

d .02" on sprockets and

Forged, carburize
wearing surfaces,

perede.

2, 550

Tail shaft

994

then quenched end tem=

-=328 -~

025" on ratchet and

gear teeth, then quenched an

Forged, carburized

Alloy steel

-400 Core

Starter Ratchet 150

998

d tempered.

690 Case

-33a
ACCESSORY SECTION
By De Eo Adﬂ.ms

Je G. Dunleavy

Gear Case and Mounting Plate

The gear case and mounbing plate, shown in Figure 11, were cast
from an aluminum alloy similar to Alcoa 355 (1.3% Cu, 5% 51 iy 0.5%
Mg with .37% Fa), In compgrisonvdthpreviously examined ceses, this is a
reduction in coppgr of approximately 3%, Another reduction in use of
copper was noted in use of only one cast tin-bronze bushing of the
ten accessory bushings. The starter shaft bushing was cest from an
aluminum alloy of approximately «35% Si, 3.5% Cu, «20% Fe, .40% Mg, and

7¢7% Sn. The remaining eight accessory gear bushings were machined from

wrought aluminum alloy similar to Alcoa 17S (4.0% Cu, 0.5% Mg , O.5% ¥n).
The starter shaft bushing was threaded and pinned into place. The small

guxiliary drive gears wera low.carbon alloy steél forgings carburized on

wearing surfeces of shafts and gsar teeth,

Cuno 0il Strainer

Spark testing and visual examinetion showed the automatic- Cano
0il strainer on this engine to be identical to the one foond on the
Jepanese Sakae 21 "Hamp", Mark II, "Zero" fighter plane (CEE' 2963). Photo-
graph of disassembly and metallurgical deta can be found respectively on

Pages 44 and 50 of BIOS/JAP/PR 1467.

Magneto Drive Gears

The magneto drive gears. were forged from low-carbon alloy steels,
case hardened on wearing surface of shaft and gear teeth. The bushings

were machined from a wrought aluminum alloy similar to Alcoa 17Se
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Machine Gun Synchronizer

The synchronizer was housed in a magnesium alloy casting. The
cams were machined from & low-carbon alloy steel which had been quenched fram
below the eritical as evidenced by the large amount of ferrite in the
core. The wearing surface of the cam was case carburized. The two cems
wére serrated, soldered, and locked in their relative firing positions.
The ocamshaft was machined from a low-carbon alloy steel, and the drive
shaft was forged from a low-cerbon alloy steel, case carburized on wear-
ing surface of gear teeth and shaft. A low-carbon alley steel, quenched
and tempered to & hardness slightly under that of the shaft,was machined

for the camshaft lock nut.

Qil Sumps

The main oil sump and the rocker box sump were aluminum-alloy sand
castings, covered with a coet of black paint to prevent corrosion. The
design ot the main oil sump was changed slightly over the sumps used in
other engines to allow a larger volume in the sump chamber. Ths prin-

cipal change was from e megnesium to en aluminum alloy.

DEA:JCD:irrr
February 19, 1945

Goar Case and
Accessories

33231

Fig. 13 (CEE 20505)
Neme Plates From

the Japaneses Sakae-12
Aircraft Engine
7124676

TG It e & X A

&er

33340

Fig. lzl(cgn 20508)
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IGNIT ION SYSTEM
By As Be Westerman

The ignition system of the 1943 model weighed 31 pounds and

consisted of two conduits, 14 pairs of ‘connectors, two cables, and numerous

fittings, unions, and conductorse The ignition system is shown in Figure

14, The conduits were meanufactured by bending Alcoa 2S.type tubing into
semicircular shapes and welding plugs (stamped from the same materiel) to

one end of each conduit, and fittings, machined from Alcoa 24S<type alloy,

to the other end. Four bands cut from Alcoa 28 type cheet wers bent around

and welded to the conduits; lugs stamped from low=C steel sheet were attached

to the bands with Cu rivets. These lugs fitted over the studs joining the

nose section to the crankcase and helped to hold the ignition system in place.

Fourteen peirs of small nipples and two large nipples were welded to the

conduits et intervals. Each nipple was made by welding & threaded fitting
machined from Alcoa 24S “type bar to a tube formed by bending Alcoa 28 type
Sheet and welding along the seems The twe conduits were joined by e union
machined from Alcoa 17S_type alloy.

The connectors were manufactured by the same methods and from
the same materials as used for the cables.s Two flexible tubes, the outer one
made by braiding Sn coated Cu wire and the inner one by spiralling Zn coated
low C steel strip, were soldered to machined 60~-40 Cu-Zn type fittings; one
end of each connector and cable was joined to a conduit nipple by a machined
60-40 Cu-Zn type union. The other end of each connector was attached to a
cast 50-40 Cu-Zn typs elbow with a 60~40 Cu-Zn type union.

Conduoctors ran through the oonduits and branched off into the

cables and connectors, seven into each of the former, and one oconductor into

-38-

each of the latter. 'Each conductor was oomposed of a aore of 37 individual
Sn-coated Cu wires, each 0,010 ipches in diametere An 1/8-inoh thick layer
of rubber covered the core. Cotton fabric was braided over the rubber and
was covered with an external black, glossy coating which wae probably a celle
ulose ester lacquers. The conduotors coming through each cable pessed through
8 rubber insulator and a plastic spacer, which wers adjacent to the fitting
tn the cable end farthest from the conduit. A plastic sleeve fitted over
éach conductor end,and a bress sleeve was forced between the plestic part and
the conductor. High C-coiled wire springs were fastened to the conneotor
ends by screwa, which fitted into the brass slesves. The ends of thé oables
were joined te the. distributor caps and the ends of the connectors to the
spark plugs with unions.

All of the brass parts, with the exception of the apiralled
strip tubing, were coated with Cd. Coverings consisting of alternate layers
of paper and cotton fiber with a phenolic-resin varnish bond wdre laced over
the cables with braided cotton cord impregneted with a pitoh  somposition.

The general workmanship was goode

The ignition system of the 1941 model was not received for

examination.

ABWirrr
February 21, 1945
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TABLE 11. WBIGHTS AND MARKINGS OF SAKAE-12 AIRCRAFT ENGINE #124676
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Table 1l. Welghts snd Msrkings - Sakaerl2 iircraft Engine #124676

Table 11, Weights end Markings - SakeeR iircraft Engine #124676

; Welght
g:rt Name Grams Hﬂrkings
27 Com Drive Gear 604 R No. 124676 (T)
Cam Drive Gesr Shaft 33 -k D@

44

46

47

48

49

50

51

52

63

54

b5

Crankshaft Counterwelght 6810

Crenkshaft (3 Sections)

Center 9080

Reur 8080

Front 20430
Crenkshaft Bolts 4§9t

Propeller Shaft &

Planet Goar Spider 14982
Bell Geear 7718
Planet Gear

Gear 978
Retainer Nut 91

Sun Gear 4086
Cen 2270
Cam Plate 1414
Valve Inserts 110
Piston Fins 360
Master Rods 4994

03¢ @ R

© 2883 7034  No. 124676
703¢ F. R. 09 2825 @) €® No. 124676
PT034 @3 3949 (B) Wo. 124676 :

No. 124876 F 7054

@ @ 2141 No, 124676

# €8 @3 1295 124676

&3] No. 124676 4

@ M E

€ ©3 1233 No, 124676
3484 @ @

F No. 124676 &)

&)

None

o, 124676 Q3 7245 & ¥

Part Weight,
No. Name Grams Murkings
56 Articulated Rods 791 ea. No. 124676 ¥ X @
67 Impeller Shaft 1050 No. 124676 M - = gl
Large 0il Seal 257 No. 124676
Small 0il Seal 216 Ko. 124676
58a Impeller Drive Gear 1386 . @ wo. 124676 8 @® FB-<xFrr0

58b Impeller Drive Gear Shaft 381

59

60

61

62
63
64

68

77

Crunkcase (Front)

Crankcuse (Rear)

Piston issembly

Blowor Case

Impellor Inductor
Nos¢ Casting
Diffuser

Impeller Shaft

Thrust Bearing

Retainer and Seat

Main 011 Sump

15890

1660

35829"

3178

10896

2270

35

316

3178

® -

F 1986 Q9 D857 @ 7 F No. 124676
F4

R 4264  D8ST 7 9B

Rad ¢ @ s B

No. 12467¢ (P @ 1127 @ @

0 Wo. 124676 5. ¥ @ 1984, @
@ @ w07 €3 @ 124676
@ 781 P

None

No. 124676 @
s @ @ B3 } &® saz

No. 124676

* Counterweight atteched.

* Blower and Rear Crankcase.

36025
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Table 1l. Weiﬁhts and llarldnﬁ_ = ‘Sakae-12 Aircraft Engin_eNo. 124676

Part Weight,

No. Name Grams Markinge

78 Rocker Box Sump 2270 No. 124676 @ s

85 Propeller Shaft Bearing 3632 KA-95 NTN No. 124676 M 3 1593
Retainer- 660 No. 124676 @ @

86 Propeller Shaft \WWasher

‘& Nut 650 None
Propeller Shaft Oil Tube 775 @  vo. 124676

87 Propeller Shaft -

Centering Cone 432 ¥ 105572 b @® Dp1-4-85
88 Crank Main Bearing (Ront)2243 NSK 8761 KE IXX¥ No. 124676 F 687 JF IO
89 Tappet Assembly 196 FE 61 @
90 Crenk Mein Bearing(Rear) 2238 KE TIT 8761 No. 124676 R 1063 NSK
91 Crank Center Bearing 4540 NTN- 130 KR 130 124676
92 Center Main Bearing

Wedges (2) 38ea. s2 @@ @
93 Lifting Eyes 43 ® ra
9¢ Impeller Cover Plate 3178 No. 124676 s
96 Knuckle Pins 212

@
96 Alr Intake Section 10442 @ 534802 §8 (W) @
97 Gear Case 7264 26 @ @ 9081 )

No. 124676

98 Gear Plate 1171 No. 124676 9122 @ @
o ®

99 Tail Shaft Assembly 4994 @ 124676

100 Ignition System, 156890 None

~4Ud~

Table 11, Weights and Markings - Sakee-12 Aircraft Engine No. 124676

36026

Part Weight,
No, Name Grams Merkings
101 Cuno 0il Strainer 2632 NAKA 119843 ¥ A @ 8971 5
1752 (\s’@ 349 b 124€76
102 Magneto Drive Gears 186 en. @
gHK Led.




