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Future of the Japanese Aircraft Industries
and Aluminum

Hideo Yoshida

The history and future of the relationship between the Japanese aircraft industries and alumi-

num alloys for airplanes are reviewed. Especially it has been made clear why the highest strength

aluminum alloy, ESD (Extra Super Duralumin), was invented in Japan before World War II. The

development of Japanese commercial airplanes, i.e, the YS-11, MU-2, and MU-100, and the rela-
tionship between the national project of YX, YXX and the Boeing airplanes, B767 and B777, are
summarized after World War II. Furthermore, the development of aluminum alloys in Japan after

World War II is reviewed and the technical subject about the aluminum alloys in the future are

clarified by disclosing the present issues of using aluminum alloys in airplanes. Finally, it is

claimed that a national project is needed to solve these issues in cooperation with industry, govern-

ment and academia.
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Fig.1 Part of frame of Zeppelin Airship shot down
near London, brought into Japanese Navy
and stored in Sumitomo Light Metal

Fig.2 Yunkers F.13 fabricated with corrugated
panels of Duralumin sheets
(http . //www.idflieg.com/junkers-f13.
htm, ©2006 Andi Szekeres)
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Fig.3 Breguet 14 type aircraft, named "Keigin"
fabricated by Nakajima Aircraft Indus-
tries 1td.

(http : //www.ne.jp/asahi/airplane/
museum/nakajima/nakajima.html)
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Fig.4 DC3 fabricated with Alclad 24-T3 sheets
(from www.louisvilleartdeco.com)

Fig.5 Type 96 carrier-based fighter
(The visual encyclopedia of
Mitsubishi A6M Zero, Shin-
sei Publisher, 2011)
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of front spar

Fig.6 Zero Fighter and its main wings fabricated with ESD extrusions
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/2012-12-14-1 )

WERERR, £EEE, SHEEE, S Yoy s by
F— bRITV, FEREE - -t GFI=%(BLE,
NigfRZeRE, ELELE, FAMIE, BARITH B
FORITHD N L, BN RBH=ETLENT- 10
TRITHMERE 1 SHI3 1962 FE 7 BIicHi=38/ Mk T To —
V7oL, FIRTIE 8 BiciTabhic, ZDBRAES
Do H—EJREAEE L 130 BRE A —H —~DEEHKD
FiElE, 19634FE 18 &1 -1, LIR 1973 4E5 B ITR%Z
O#ENEY a3 TI0EMRE S i, 1964 F
IKBADOMEFBORINIEA%E, 1965 Fic7 2 Y A B
MZER (FAA) OREEAEZEE L1
BECEFLC, IBAEESGKOTVRD, BT
DE—VATIEHFEBIERL THh, TENRZTREIEL
LTV, %), 50~100 oM T 2 L RiA
ThTWwichs, BERMEBIEIMEBOLLESRED
MHTORBT, MEBDIRTED, vy biaVItEL
WIREETH 0, R 12 »E, 16 HOoMER4IT 758
DEIRIhBIcE &E -, TORKE, OFRMERERE
13360 B IR SRBRHERFEL LD, WEHI 1971 Fic
YS-11 2= 182 T b3 & 2RE L 1o BEME
BREIS 1982 MBI L, BB =TITEICT| S4kH
hico 08, EMO7 v IMENL, BEOT7T v IRl —
H—bEAICRITTERRER LD, YS-11IicERAY
OB DEETIE, BENESHT, BARLOEF)
NS CTHAETEZLVWID, EH7 2 ) B ORISR
AEhf:toT & THB0,

(2) =%MU-2, MU-300 (Fig.8)

YS11 OBAFEMSIEE - 72 1960 FEE» S, =ZEI3/MR
y—K7o o 77 oRSET, ILKkoHA - BRAOY
Uz R@ENF (T~9AFEE) KHBORTF=ED 12,
1963 FEIC A ME 1 SEHBHMITL, 1965 F, ERAHMZE
Bo BSGER %, 1187 2 Y H OHEIMER (FAA)
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(@) MU-2

(b) MU-300

Fig.8 Mitsubishi business aircrafts

(from http : //ja.wikipedia.org/wiki/ 7 7 4 /¥ . Mits._MU-2.JPG,
http : //ja.wikipedia.org/wiki/ 7 7 4 /¥ : N41TKTatBNA.JPG)
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(b) BI77

(a) B767 (c) B787
Specifications of B767, B777 and B787
B767-300 B777-200 B787-8
Length 54.9m 63.7m 56.7m
Wingspan 47.6m 60.9m 60.1m
Height 15.8m 18.5m 16.9m
Engine thrust 21,800kgf X2 42,500kef X2 31,660kef X2
Standard seating capacity 261 or 232 268 or 302 186
Cruising speed 862km/h 905km/h 901km/h
Maximum take-off weight 133.8t or 1520t 213.2t 227.9t
Range 3,280km or 8,200km or 14,800km
5,510km 12,600 km

Fig.9 Boeing jet airliners, B767, B777 and B787 and their specifications
(from https : //www.jal.co.jp/aircraft/)
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Table1 High strength aluminum alloys for aircrafts developed after World War II

Alloy | Year Country Zn Mg Cu Mn Cr Zr Ti Fe Si
2024 1954 UsA 0.25 1.2-1.8 3.8-49 | 0.30-09 0.10 0.15 0.50 0.50
2324 1978 UsA 0.25 1.2-1.8 3.8-44 | 0.30-0.9 0.10 0.15 0.12 0.10
2524 1995 USA 0.15 1.2-1.6 4.0-45 | 0.45-0.7 0.05 0.10 0.12 0.06
2026 1999 UsA 0.10 1.0-1.6 3.6-43 | 0.30-0.8 0.05-0.25 | 0.06 0.07 0.05
2027 | 2001 France 0.20 1.0-1.5 39-49 | 0.50-1.2 0.05-0.15 | 0.08 0.15 0.12
7075 1954 USA 5.1-6.1 2.1-2.9 1.2-2.0 0.30 | 0.18-0.28 0.20 0.50 0.40
7475 1969 USA 5.2-6.2 1.9-2.6 1.2-1.9 0.06 | 0.18-0.25 0.06 0.12 0.10
7050 1971 USA 5.7-6.9 1.9-2.6 2.0-2.6 0.10 0.04 | 0.08-0.15 | 0.06 0.15 0.12
7150 1978 USA 5.9-6.9 2.0-2.7 1.9-2.5 0.10 0.04 | 0.08-0.15| 0.06 0.15 0.12
7055 1991 USA 7.6-8.4 1.8-2.3 2.0-2.6 0.05 0.04 | 0.08-0.25 | 0.06 0.15 0.10
7349 | 1994 France 7.5-8.7 1.8-2.7 1.4-2.1 0.20 | 0.10-0.22 | Zr+Ti0.25 0.15 0.12
7449 1994 France 7.5-8.7 1.8-2.7 1.4-2.1 0.20 Zr+Ti0.25 0.15 0.12
7040 | 1996 France 5.7-6.7 1.7-2.4 1.5-2.3 0.04 0.04 | 0.05-0.12  0.06 0.13 0.10
7085 | 2002 usA 7.0-8.0 1.2-1.8 1.3-2.0 0.04 0.04 [ 0.08-0.15| 0.06 0.08 0.06
7056 | 2004 France 8.5-9.7 1.5-2.3 1.2-1.9 0.20 0.05-0.15 | 0.08 0.12 0.10
7140 | 2005 France 6.2-7.0 1.5-2.4 1.3-2.3 0.04 0.04 | 0.05-0.12 | 0.06 0.13 0.10
ESD 1936 Japan 8 1.5 2 0.50 0.25
ZC88 | 1999 ([ Sumitomo 8.8 1.7 2.3 0.15
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Fig. 17 Mitsubishi regional jet MRJ
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Demand in the regional jet with 60 to 99 seats: more than 5000 planes in the next 20 years

Demand forecast of jet planes in each category

2026
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Fig. 18 Demand prediction of jet planes classified by the number of seats and

representative planes in each class

(a) XP-1

Fig.19 XP-1 (Maritime patrol aircraft) (a) and XC-2 (Military transport aircraft) (b)
(http : //www.khi.co.jp/aero/product/index.html)
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