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ABSTRACT

The Japanese Kesei-21 aircraft engine (Serial No. 2189) was

examined for manufacturing methods, materials, and workmanship. A com-

parison was made between this engine and previously examined Japanese
engines, particularly the Kasei Model-15 (Serial No. 151739) and Model-

11 (Serial Na. 11871)0
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steels were clean and of satisfactory aircraft quality. Four general
types of alloy steel were used: Ni-Cr~Mo, Ni-Cr-Mo-W, Cr-Mo-Al, and Cr-V.
The first two of these types were similar to the British Aircraft 25-28
seriss, the third type was similar to modified Nitralloy N-135, but the
last had no American or British counterpart. Ths use of.vanadium is un-
usual in Japanese aircraft structural steels. Silicon appeared to be
the primary deoxidant in the steels, although in some cases’ aluminum
was also used,

Light-metal parts oxamined showed good casting and forging tech-
niques. Magnesium castings, which customarily have been used for
lightly-stressed housings and for the supercharger diffuser, were re-
placed in the Kesei-21 with aluminum alloy castingss Aluminum alloy
pistons were made by forging cest blanks. The eylinder head showed ex-
cellent casting practice.

Table 1 lists the ferrous and nonfertous alloys used in the
Kasei-21 engine parts and comparisons with the alloys used in the parts

of engines previously examined.

ECONOMIC CONS IDERATIONS

The Kasei-21 was so similar to the engines previously examined
that the same general conclusions may be drawn. The Japanese used ade-
quate forging machinery for highly stressed parts and machined bar stcck
for the unstrsssed assenblies. Carburizing was used rather than induc-
tion or other surface-hardening treatments. WNo sacrifice was made in
the quality of materials, nor was any attempt made to conserve menufac-
turing machinery.

Aluminum alloys were ussd whers eaflier models had used magnesium

alloys. The chromiwm content of the exhaust valves was graatly reduced.

TABLE 1. COMPARISON OF MATERIALS USFD IN
JAPANESE ATRCRAFT ENGIRNES

N Fal g Q
Part Type of Material

No. Mame Kasei=21

Other Engines

10 Cylinder barrel Modified Mitralloy
135N steel

11 Cylinder head Alecoa 142

124 Push rod end SAE 52100 steel

3% C, 3% Ni,
l% Cr, o% Mo,
(ASTM-A17=29=-TY-F
(+Mo)) steel

14 Rocker arm

16 Intake valve .6% C, 4% Cr, 167w,
% ¥, (WD-71660)

& 1
sLea s

20 Exhaust valve 4% C, 14% Ni,
¥ Cr steel

¥itralloy 135, N, G, and
wodified stecl.

Kasei-1l
Kasei~15
Sakae-12 1941
Sekae-21
Kinsei~43
Homare-11 Alcoa 195
Sakae-12 (1943) - 4% Cu,

4% Si, 1-1/4% Mg, 1/2% Mn,

Al bhase.

Alcoa 142

Kasei=1l

Kasei-15 SAE 52100 steel
Kinsei-43

Honare-11

Sekae=12 Carburized SAE 1035
Sakag-21 steel

(ASTM=A17-29=-TY=F(+Mo)) steel

A

Kasei-11 } .6% ¢, 3-1/3% cr,

Kasz2i-15 12-1/2% W, .55% V
steel

Homare=11)

Sakae~-12 Various combinations

Sakae-21 of $i-Cr-W-Ni-Mo

Kinsei-ésj staels

Kasei-11 | .4% C, 15% Ni,
Kasei-16 |  14% Or, 3-1/2% W,
2% Mo steel

Homare-11)

Sakae=12 Various combina-
Sakae=-21 tions of Si=-Cr-
Kinsei-45) W-Ni-Mo steels
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TABLE 1. COMPARISON OF MATERIALS USED IN TARLE 1. COMPARISON OF MATERTIALS TIED IN
JAPANESE ATRCRAFT ENGINES (Continued) JAPAVESE ATRCRAFT ENGINES (Continued)
| i e b i B (A A A e i L e i
Part Type of Material Part Type of faterial
tio. Neme Kasei-2l Other Engines Fon Hame Kasci-21 ’ Other Lngines
46 Crankshaft «2% C, 4% Ni, 2% cr,  Kasei-1l 534 Exhaust valve 5% C, 11/ Mi, 3% Ccr, Xasei-15 .37 C, 147 ¥i
1% V, «2% Mo (British Kasei-15 | British Aircraft | Ty %% W 147 Cr, .4% 10
Aircraft 25-28 (+W),  Sakae-12 25-28(+W) Tasei~11 )
steel (1941) steel Sakaa=12 j'f‘/{' o, 6% 1m,
Sakae-21 Sakae=-21 } 122 71, 3.5%
Homare-11 Homare-11} Cr
Kinsei-43 3% C, 2% Wi, ° Vinsei-43!
Sakae-12 2% Cr, 4% '
(1943) Mo steel 53B Intake valve 90~10 aluminum Kasei-11 |
. _ seat insort oronze Kasn~i=15 } 90-10 @lumninum
47 Crankshaft bolts 3% C, 3% Ni, 3% Cr, British Aircraft $.65 Kinsei-43) brenzs
«27% Mc (British Sakas-12
Adrcraft §.65) Sakae-2l | 0% C, 3% im,
emare-11) 127 ¥i, 3.5% Cr
43  Propeller snaft .2% C, 4% Wi, 1-1/2% Kasei~1l British Aircraft /
Cry, 1% W, .2% Mo 25-28 steel 564  Piston pin 3% G, 1% Me, 27 i, Fasei-11 saritisr 23-28
(British Aircraft Kasei-15 British Aircraft %5 Cr, 3% 10 steol stecl
25-28 (4W)) 28-28 (4W) Kasai-1o Sare 28 Hasol-21
steel dakac-12"
Cthers Various combina~ Sakae=-21 | variovs coubinas-
tions of Mn-~ : { Lions of Ni-Cr-
Ni-Cr-W-Mo steel KinSGL-éﬁ- W-Mo stecls
49 Bell gear 2% ¢, 4% Ni, 1% Cr, Kasei-ll\ British Aircraft 55 Yaster rod .25% C, % yi, 1% cr, Kassi-11 ZFritish birceraft
2% Mo steel Kasei-15[ = 25-28 steel %7 Mo st-el 55.11 steel
(British Aircraft Salkae-12) Nitralloy N-1359 (Gritish Aircraft “ 7msaiels British Aircratt
28-28) Sakae-21f  steel 3; 11) 5§-11 (~WNi)
Homare-11} Various combina- ~ stesl
Kinsei-43{ tions of Ni-Cr- Sokaeal2 |
Mo steols Sakas-21 \ Various corhins.
\ Homare-11] tions o
50 Planetary spur Ditto Kasei-lll British Aircrarft ¥ingei-43 fr=ii-iio steol:
gear Kasel-15| 28-28 steel /
Sakae-lB\ 56  Articulated rod .4% ¢y 4s Wh Vi, 1% Cr, Kassi-1l] Rribish Aireratt
Sakae-21\ Various combina- 2o Mo steel et 1E) 38-11 staol
Homare-11 tiors cf Ni-Cr- (Bri ish Airerait Salkae~12 \
Kinsei-4$ Mo steels . 25-28) Sekae-21 | Varioun combing
. Honare-11 tions of
51 - Sun gear Ditto Ditto Yinsoied3  Or-W-Me -
Finsa I ;
B Cam Ditto Ditto
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TABLE 1. COMPARISON OF [MATERIALS USED IN
TABLE 1. COMPARISCON OF MATERIALS USED IN JAPANESE AIRCRAFT ENGINES (Cont inued)
JAPANESE AIRZCRAFT LNGINES (Continued)

) Part Type of Material
Part Type of Material NO» Name Kasel-21 Other Engines
No. Name Kasei-21 Other [Engines
. _ 64 Diffuser Alcoa 356 Kasei-11 )
57  Impeller shaft 47 C, 4% Cr, JSHV Kasei-ll} British Airecraft Kasei-15 | AM 244 magnesium
Kasei-15 25-28 steel Kinsei-43)
Sakas=-12 l Sakae-12 | AM 240 magnesiunm
dakae-21 \Various alloys Sakae~21 :
Homare-11 of Ni and/or Eomere-11 Alcoa A108
Kinsei-43] Cr and Mo steek
. | 65 Master rod 70-30 Cu-Fb Kasei-11 )
58 Impeller drive »15% C, 2.5% Cr, Various alloys of Ni and/ | bearing Kassi-15 70-30 Cu=-Pb
rear «2% Mo steal or Cr and Mc steels | Kinsei-43
(ASTM~A200~40-Gr4 ) Sakae-12 {(1941)
] Sakae-Zl)
59  Crarkcase Alcoa 175 Kesei-11 Sakae-12 (1843) 65% Cu,
Kasei-15 Homare—l% 33% Pb, 1% Ni,
Sakae-12 ) Alcoa 17S 1% Te
Sakae-21
Kinsei~43 - ; S L
: N 66  Piston pin 856~15 Cu-Sn Kasei-11
Homare-11 SAE 4130 steel bearing Kasei=15] 85-15 Cu-Sn
Sakae-12 )
60  Piston Alcoa 142 Kasei-1l Sakae=-21
Kesei-15 Kinssi~43
Sakae~-12 (1941) ) Alcoa 142 Homare-11 88% Cu, 4% Sn,
Sakae-21 4% Pb, 4% In
Homare~11
Kinsei-43 67 Rocker arm 35-15 Cu-Sn 85-15 Cu-Sn
Sakae-12 Alcoa 356 shaft bear ing
(1943)
| 68 Impeller bearing 80-15-5 Cu-Pb=Sn Kasei~15 4% Cu, 2—1/%% Sn,
61 Blower case Alcoa 356 Kasei-15 | Alcoa 356 2% Mg, Al base
Kinsei-43 | Kesei-11l
Sakae-12 . Sakae~12
Sakae=21 ? Alcoa Al08 Sekae-21 ) 80-15-5 Cu-Pb-Sn
Homare~-11/ Kinsei-43
Kasei-11 AM240 magnesium Homare=11
62  Impeller Alcoa 178 Alcoa 178 69 Fromt cam 85-15 Cu-Sn Kasei-11
- bsaring Kasei-15 | 85-15 Cu~Sn
63  Nosa Alcca 356 Kasei-15 Alcoa 356 Kinsei-43
' Homare-11 Homare~11l
Sakee 12 (1943)| Alcos 85 - Sakee-12 {5% Cu, 89% Sm,
Salae-21 Sakae=-21 6% Sb babbitt

Sakae-12 (1941) Alcoa A108
Kasei-11 | AM=240 magnesiumn
Kinsei-43




Rear View of Kasei-21 Engine (CEEf2075) As-Received
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DISCUSSION OF RESULTS

The anslyses of all the ferrous and nonferrous parts sxamined
are listed in Tables 2 and 3, respectively. General data ars given in
Table 4, The parts are discussed in detail under the appropriate sub-

assembly sections .

POWER SECTION

The exterior of the power section is presented in Figure 3, and

a detailed view showing the rods and crankshaft is given in Figure 4.
Crankcase

The three sections of the crankcase wers forged and machined
from solution heat.treated and aged Alcoa 175 type nlloy. Howa;er, the
sections were insufficiently solution heat treated before aging, and not
all of the CuAlB was dissclved. The forging flow lines conformed very
closely to the contours of the narticular sections. Physical properties
of the alloy, shown in Table 4, were in line with those obtained in this
country‘for the hardness of 85 Vickers uszsd by the Japanese. Each air-
craft enpine crankcase examined was similar in design and material to
the one under discussion, with one exceptionj; namely, the crankcase of
the Homare-1ll engine which was similar in design, but forge from an

SAE 4130 type steel and zinc plated.

Crank§baft

The three-piece crankshaft was forged and machined from British.
Aircraft 28-28 type steel with tungsten additions. Heat treatment con-
sisted of quenching and tempering the parts after carburizing the throws
0.035". ‘Macroetching showeQ that the original dendritic pattern was
broken up and that the grain flow was good. Tensile properties were
normal, but the percentage reduction of area wes high for a hardness of
380 Vickers (Tabls 4),

Previous examinations of other engines showed that the 1941 and

1942 Sakee and the Kasei engines were the only ones using crankshafts
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made from the previously mentioned type alloy. Steels with 2% less
nickel, no tungsten, and with the same amounts of the other alloying
elements, were used for crankshafts in the 1943 Sakee and other type en-
ginese.,

Crankshaft bolts in thes Kasel-2]l, as well as in th=z other engines,
were machined from bar stock of Pritish Aircraft S.65 type steel, which
contained 1% less nicksl and 1% more chromium than the steel in the

crankshaft., Mo tungsten was added. The bolts were quenched and tempered

to the hardness o th~ crankshafte.

l"aster snl Articulatsd Rods

The master rod was forged end machined from medium carbon-nickel-
chromium=molybdenum steel similar to British Aircraft 35-11 alloy. ‘The
articulated rod was forged and machined from British Aircraft 25-28 type
steel which contained the same amount of chromium, but 1-1/2% more nickel
and 0.2% less molybdenum than ths mgster rod steel. %ach rod was
quenched and tempered to an average hardnsss of 375 Vickerse I'w master rod
bearing was a 70«30 copper-lead alloy cast to a depth of 0,035" on & low-
carbon steel backing.

Frevicus analysss of articulated rods of the Kasei-1ll and -15 en-
gines showed that the rods were made from ths same type steel as found
in the master rod of the YNodsl-2l. 1laster rod steel on the lodel-15 was
similar to the British Sé-ll type, but only residual nicksl was found.
l'laster rod bearings on each of th= previous engines examined were similar
to tha copper-lead alloy on ths Kassi-21, with the excention o ths bear-
ings on the Homare-ll and on the 1943 Sakae-12; thess bearings contained

1% nickel and 1% iron in addition to the copper and lead.

Piston =10-

A cast blank of Alcoa 142 type alloy was torged and machined to
produce the piston. The piston was solution heat treated ana aged to a
hardness ranging from 123 Vickers at the center of the crown to 145
Vickers at the skirt. Pistons examined in other engines were mmud .. a
similar manner and from the same tvpe alloy. One exception was the 1943
Sakae-12, which had pistons rorged from Alcoa 356 type alloy.

The piston pin on the Kasei-21 engine was cut from tubing or
machined from bar stock and qusnched and tempered to e hardness of bay
Vickerss The medium-carbon steel used was alloyed with 1% manganess,

2% nickel, 37 chromium, and Q«3% molybdenum. The piston pin on the
Kasei-15 was made from the same type alloy as the Kasei-21lj the pin on
the Kasei-1ll, from a stssl similar to that coversa by British #ircraft
28-28 specificatioms, The Kaseil-1ll and -lb pins were case carburized
0.020" and then quenched and tempered.

The piston pin bearing on the Kasei-21 was cast trom 85-15 copper
tin bronze. With one exception, the piston pin bearings on other engines
examined were also 85-15 copper-tin bronzes. The Homare-11 bearing was

of copper-tin alloyed with 4% zinc and 4% lead.
CYLINDER ASSEMBLY
The cylinder assembly is shewn as disassembled in Figure 5.

Cylinder Barrel and Head

The Kesei-21 cylinder barrel was forged and machineQ from
Nitralloy 135N type alloy steel. After quenching and tempering to a

core hardness of 274 Viclksrs, the bore was nitrided 0.010". The
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steel was clean. All changss of sscticn on the barrel had ganerous

- fillets, and fine machinihg cuts were used in the finishing operation.
OQutside surfaces were covered with black paint, the analysis of which
showed the presence of alkyd vehicles.

Forged, quenchoed, and tempered Nitralloy 135 type alloy stsels
were used by the Japanese on each of ths cylinder barrels previously
examined. Nitrided cases varied in depth from 0.002" to 0.010". A white
layer was found on the case of the Kasei-15 barrsls.

The cylindsr head on the Kasci-21 engine was a slightly porous
sand casting which was solution heat treoated and aged. Alcoa 142 type
aluminum alloy was used for the hesads. Numerous cores were used to pro-
duce the intricate shape and form.

Previous examinations of cylinder heads showed that the Japanese
usednAlcoa 142 type alloy extensively. The only excsptions were found
on the Homare-1l and the 1943 Sakae-~12 engines.' In the former, a plain
copper-silicon Alcoa 195 type alloy was used, and in the latter an
aluminum alloy containing 4% copper, 4% silicon, 1-1/4% masnzsium and

1/2% mangancsc.

Valve Seat Inserts

The cxhaust valve seat inserts of the Kasci-21 engine wore forged
from an austenitic steel containing 0.5% carbon, 11% nickel, 3% chromium,
and 4% tungsten; and solution heat treated. Examinations of exhaust valve
seat inserts from other engines revealed that all but one were forged from
a high-manganese austcnitic s#eel containing approximately 0.,6% carbon,

6% manganese, 12% nickel, and 3.5% chromium with or without molybdenum
additions. The exception was the Kasei-15 insert which was fabricated

from austenitic steel corntaining 0.3% carbon, 14% nickel, 14% chromium,

and 0.4% molybdenum.

The intake valve seat insert on the Kasei-21 was forged and
machined from en aluminum-bronze alloy. Intake valve seat inserts on the
other Kasei engines and on the Kinsei-43 engine wore cast from aluminum-
bronze. The other engines examined had intake inserts which wers forged
from the same type high-manganese austenitic ste=l used on the majority

of tha exhaust valve seat inserts described above.

Push Rod End

Mechined SAE 5210C type steel was used in fabricating the push
rod ends for the Models-21,-15, and -11 Kasei engines. The tips were |
differentially heat treated with resulting Vickers hardnesses ranging
from 800 in the head to 225 in the shank.

Machined and carburized SAE 1035 type steel was used on push rod
ends of the other type engines sxamined, with the exception of the Kinsei-
43 rod end, which was machined from SAE 52100 typc steel and differentially

heat treated.

Rocker Arm

The rocker arm on the Kasei-21 engine was forged and machined from
steel comparable to that covered by ASTM specification Al7-29-TY-F, but
with a high molybdenum content. Heat treatment consisted of quenching
and tempering to a hardness of 400 Vﬁékers. Flow lines, typical of gooQ.
forging practice, were revealed by macroetching. Corrosion was prevented
by.a thin coat of cadmium. Rocker arm shaft bearings were cast 85-15

copper-tin bronzes.
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Examinations ol the rocker arms of the Models-1ll and -15 Kaseil |
engines and of the other engines showed that the éame type alloys, manu~ -
facturing methods, and heat treatment were used on these parts throughout.
The rocker arm shaft bearing on each engine was also cast from 85-15

copper~-tin alloy.

Valves

Structurally, the valves of the Kasei-21 engine were very similar
to those of the other Japaness engines examined. The intake velve on the

Kasei-21 was upset from bar stock to form the head, after which the entire

valve was quenched and tempered and the stem tip locally hardened. The

37256
exhaust valve, which was of the sodium-filled type with stellite on the

Figure 3. Exterior of Power Section With Cylinders and Pistons -
valve seat and stem tip, was forged, quenched, and tempered, and then Kasei-21 Engine (CEE #2075)
nitrided 0.001" to 0.002" on the stem, The exhaust valves on the Kaseil-
21 engine had plugs insarted into the stems after sodium filling. Wo
plug was founé in the Kasei-1ll and -15 exhaust valves; the stems of these
were forged shut.

The steel used in making the intake valve on the Kasei-21 engine
was similar to WD-71660 alloy. The intake valve steel on the Kasei-1ll
and ~15 was similar to the Kasei-2l1 intake valve steel, but had 13 less
chromium and 4% less tungsten as shown in Table 4. Stesl used in the
exhaust valves on the Kasei-21 contained 0.4% carbon, 147 nickel, and

3% chromivm. ¥asei-1ll and -15 exhaust valve steel had similar amounts

of carbon and nickel, but the chromium content was raised to 14%, with

4% tungstén and 1/4% molybdenum also added. The other engine valve steel

37146

Figure 4. Details of Power Section, Showing Rods and Crankshaft -

were varied combinations of Si, Ni, Cr, W, V, and Mo. .
J 2Rl Saat e Kasei-21 Engine (CEE 42075)
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37149
Figure 5. Disassembly View of Kasei-21 Cylinder Disassembly

(CEE #2075)

37146

Figure 6. Gear Case of Kasei-21 Aircraft Engine

(CEE #2075)
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NOSE SECTICH

L

Figure 7 illustretes the nose section showing the reduction gear-
ing system and Figure 8, the cam-ring housing and associated portion of
the power section., The Kassi-21 engine is the first one examined which
had a primary and secondary bell geay system.

Cam, Bsll Gear, Sun Gear, and
Planetary Spur Gear

The nose-section cam and gears of ths Kesei~21 engine were forged
and machined from a modified British Aireraft 25-28 type steel. Wearing
surfaces were carburized 0.020" to 0.030", and then the pieces were
quenched and tempered to an average core hardness of 435 Vickers and an
averags case hardnsss of 700 Vickers. The cam bearing was cast from an
85% copper - 15% tin-bronze alloy. The bearing showed cocd workmanship
and quality.

Fach of the previously =xamined Fasel nose sechion cams and gears
were made Trom the same Lype steel and in the same manner as the ones
under discussion. However, the bell gear in the Sakae engines wore forged
from ¥itralloy 135G type alloy and nitrided 0.010". Cams, sun gears, and
planstary spur gears in sngines othai than the Hasel type were forged
from a wide variety of alloy steels, carburized, quenched, and tempered.

The cam bearings of the Kasei-1ll and -15, and the Kinsei-43 cngines were

[47]

cast 85-15 copper-tin bronzes; those of the [{omare-1l, Sakae-12, and

Sakae~21 engines were cast copper-tin-antimony babbittse.

Propeller Shaft

The Kasel-21 propeller shaft was hammsr-forged British Aircratt

25-28 type stsel with a tungsten addition, quenched, and tempered to
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a VDI of 362. Tensile tests yielded a normal tensile strength value and
a high reduction of ar=za value, as shown in Table 4.

The propeller shaft of the Kasei-1ll engine was forged from the
same type steel as used on the Kasei-21; that of the Hasei-l5 was forged
from a similar type stesel without tungstén additions. Tensile propsrties
were iﬁ line with those of the Kasei--21 shaft. Othar enéine propeller
shafts were fabricated in the same manner from a wide varisty of alloy

stesls,

Nose

The Xasai-21 noses was cast from an Alcoa 356 type aluminum alloy.
The slightly porous casting was modified (probably with sodium) and
solution heat treated and aged to a hafdnGSS of B2 Vickers. “7ith only
two excepticns, noses on sngines exanmined were cast Ffrow Alcoa 356
(0-1/27% 5i-1/27% ¥g), Alcoa 85 (5% 5i-4% Cu), or Alcoa 4108 (5-1/27 i -
4-1/2% cu) typs aluminum alloys. These exceptions veare the Fassi-1ll and

Kinsei-43 noses which ware cast from an AN-240 tvpe marnesium alloy

Figure 7. Nose Section Showing Reduotion Gesring

Kesei=21

=]8=

37148

(CEE #2075)
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SUPERCHARGER ADND BLOWER SECTION

The blower case, @diffuser, and impeller assemblies are presented

in Pigure 9. The gear case, which was not examined, is shown in Figure 6.

Impeller Shaft

The Kasei-2l impeller shaft was forged and macnhined from a medium
carbon, 4% chromium, 1/2% vanadium steel. After the teeth and other
wearing surfeaces were carburized 0.030", the shaft was guenched and tem-
pered to a core hardnecs of 410 Vickers and a case hardness of 735 Vickers
The impeller shaft bearing, which fits into the tubular shaft, was a cast
tin-bronze containing 147 lead.

Previously examined shafts, from engines other than Xasei models,
were forged from steels alloyed with varying amounts of nickel and/or
chromium and molybdenum. The Kasei-11 and <15 impeller shafts wsre manu-
factured in thg sameo marner as the Kasei-2] shaftsi British Aireraft

25-28 type Ni-Cr-Mo stecl was used.

Impeller Drive Gear

Thé impeller drive gear of the Kasei-21 engine was forged and
machined frem a low-carbon chromium steel similar to ASTM A200-40-Gr4,
which is used principally for seamless tubing in this country. Gear teett
were carburized 0,030" before quenching and tempering to hardaesses
similar to those of the impeller shaft,

Each type of Japanese engine previously examined had a different
type of clutch system. The steels inm each of the impellsr drive gears
were alloyed with varying amounts of nickel, and/br chromium, ad

molybdenume.

=20-

Impeller, Diffuser, and Blower Case

The impeller on each engine examined, including the Xasei-2l, ,
were forged from Alcoa 178 type aluminum elloys, solution heat treated,.
and aged to an average Vickers hardness of 110. The impeller bearing on
each engine was an 85-15-5 copper-lead-tin alloy, with the exception of
the Kasei-15 impeller bearing which was e 4% copper, 2-1/3% tin, 2%
magnesium, and aluminum-base alloye.

The Kasei-21 and the Homare-11 were the only engines in which an
eluminum-base alloy diffuser was found. The diffuser of the Kasei-2l
was cast from a sedium-modified Alcoa 356 type alloy, and that of the
Homare-11 from an Alcoa AlO8 bype alloy. Magnesium-base alloys vere used
in casting the diffusers for the other Japanese aircraft engines examined -
AM-244 alloy in those of the Kasei-15 and Kinsel -43, and AM-240 on the
diffuser of the Sakae-12. FEach magnesium alloy diffuser was in the as-
cast condition. )

The blower case on the Kasei-21 engine was sand cast from modified
Alcoa 356 type alloy. Analyses of blower cases from the previously
examined engines showed that about an egual number of cases ware cast from
silicon-alumirum alloys similar to Alcoa 356 and from silicon-copper=-
aluninum alloys similar to Alcoa Al08. The Kasei-1l blower case was the

only one cast from a magnssium-base alloy (&M 240 type).

LEG: AR :DOL:HWG /mah
September 5, 1845
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(Continued)

TABLE 4.

Remarks

VDH

Name

BMI No.

Type of Material

Kesei=21,-15,-11z" cast and

machined, normal

perosity.

Kasei=21,-15,-11: bronze

Rocker arm shaft bearing 141

796-67

Kasei-21 ~15,-11: cast and

machined, normal porosity,

Pb uniformly distributed.

Kasei-21,-15,-11: leaded

70

Impeller shaft bearing

796-68

bronze

Kasei-21,-15,-11: cast and

Kasei-21,~-15,~-11: bronze

‘:24g-

machined, normal porosity

137

Front cam bearing

796-62

-25=-

TABLE 5. GENERAL INFORMATION ON JAPANESE AIRCRAFT ENGINES
WHICH WERE COMPARED WITH KASEI-21 NO. 2189 ENGINE
Model and CEE Date of Manufacture CsSeReD.
Serial No. Nos and Manufacturer Report No.
Kasei-11 #11871 20500 December 19, 1941 4826
Mitsubishi Jukogyo K.K.
Kasei-15 #151739 4233 Last half of Movember, 1943 4826
Mitsubishi Jukogyo K.K.
Sakae-12 #124676 20505 November or December, 1543 4982
Nake jima Hikoki K.K.
Sakae-12 #121592 2751 1941 4063
Nal(a.j ima Hikoki KOK.
Sakae-21 #21327 2963 September, 1942 4234
Nak&j ima Hikokl K.K.
Kinsei~43 #185784 2414 October, 1942 4420
Mitsubishi Jukogyo K.K.
Homare-11 #11515 2065 November 1943 5199

Nakaj MQ Hikoki K-K-




B dzsad

TABLE 6. (Continued)
-26- -
BMI Wte in
Part No. Name . Grems Markings
TABLE 6. WNARKINGS AND WEIGHTS OF PAKTS OF KASEI-21
AIRCRAFT ENGINE (BMI NO. 796, CEE 2075)
38,39 Planet gear assembly 19000 T 211 278 N @ ﬁ—a (%
, (-;) H108
50 _ T 2242 106 N @O@@

’ F 1oo 1893

BMI Wtes in ; z, 21311 @
Part No. Nente Grams Markings ()
I T 1077 7/
| | b6 e aa’%
10 Cylinder barrel 4550 (1) 825 28 26 11

11 Cylinder head 10900 \ays @ @ > , 41 Bell gear assembly 16200 180 7268 402326 @
\0g 2189 365 21 ) 21K958TT - 1

5-8 ?‘ 506 0 098 @ 55967M

@ 90N % @ t%
2189 GN

12 Push rod 20 G H ﬁ 71R 72 0 2189 TlOE

, ‘ ] 2189
14 Rotker arm assembly 430 T 203 @g—D (}P@ 8 ‘ )
aﬁﬁ. 4 | T 102 ' 44 Crankshaft counterweight 2725 =0%¥ 7 82>y 5w
15  Baffles 20 E® 7 BE ® | 46 Crankshaft - front 12000 529368 ~ 25w %1)@
each D é 89
., - center 12000  -01 (N T 228'1‘30729T -
16 Intake valve 370 3520 4 @ ©®
17 Valve spring - large 150 M} 1986-4 6330 ‘ - rear 11250 @ 334 S~ 57? ®
M2100-4-3480
< small 106 Mf 1691-4-480 M 1592-
10-21580 47 Crankshaft bolts ‘.13 . ‘-?? [js—"I
- sot 55 @ @O @ GO ®

18 Velve spring retainer . BH1 Sun gear 5450 2182 Q){T) 191N
collets - large 12 (O R 97*2 100

- small 9 8 (-) Y7e
, ' 62 Cam 2700 21898 1D.7375D-6837N
19 Push rod coupling 165 6 O ® 135 @ D e ® @
20 Exhaust valve 435 HL 157,38 4 | . 5.5'-\, Master rod ' 3175  #26 T12 _,g'ﬁ ) 2% Fa
56736 T 33113 21895,
24 Intake manifold 425 : [ /I
) h £#1 g ?*F'JFVW 56 Articulated rod 910 5539 3-3/4 6 2189 2 225 /
36 Starter 18200 R ¥ ) 7ese0 6494 11/121 W
- 01 L 132 | X

57 Impeller shaft uso @ & o




~26b-

TABLE 8. (Continued)

BMI Wte in
Part No. Name Grems Markings
58 Impeller drive gear assembly 4550 E. 2189s @& an T107
@) 745 6318 75 (s
59 Crankcase - front 18000 21893 211-5102125-A711N
DES R T 71l
- rear 18000 2189 71174 211 - SN220S~-
C 45978 TR/ = MY (SR
60 Piston 1830 SN37622N 2189 FHKx~ 2 @
1830 G
61 Blower case 20200 2189 (#)524 'r" 504
z_o v72 975N
@1 O®
62 Impeller 2590 21898 r=| 2794~ 54 61 (@
' a6 @ 2189
#4275 593 1< @@@
63 Nose casting 10400 28855 _F 504%
@) 3192153 <E
1296NT a l=
64 Diffuser 21895 &
65 Master rod bearing 390 Y 58672 ) @ %
® @ M= 1089
66 Piston pin bearing 100
67 Rocker arm bearing, 36
68 Impeller shaft bearing 215
69 Cam bearing 1380
86 Propeller shaft plug 025 2189
89 Tappet assembly 285 A"TS 7 @@ @
93 Lifting eye 55 @

26
TABLE 6. (Continued)
BMI Wte in
Part No. Name Grams Markings |
|
94 Impeller cover plate 1820 2189 439 7Z.N 501 @@
95 Knuckle pins 335 (D® B
96 Air intaeke section 21898 F 5047 () |
agznso & O @7, -1867 |
o o= 6) A (i
' |
97 Gear case and accessories 29000 461515 2189 1756N é%5
SLYNOIINE
Q ™ N @E Fsoaz
30657 @ 82154 # 211
99 Tail shaft assembly 5900 21898 5708W
C&)\M) Tlor‘
101 Cunc oil strainer 2300

54 2189 .L 1898
F 504 ls
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