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Fig. 1 Part of the frame of Zeppelin Airship crashed
near London, brought into Japan by Japanese
Navy and stored in UAC] Corporation V.
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Fig. 2 L1129 Hindenburg and its frames under construction ™®
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Fig. 3 Junkers F .13 fabricated with corrugated panels of
Duralumin sheets (©2006 Andi Szekeres) .

(c) Kawasakl 87 type heavy bomber (1928) 13) (d) Mitsubishi 92 type heavy bomber (1931) 2

Fig. 4 Japanese aircrafts using Sumitomo s Duralumin.
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Fig. 5 DC-3 fabricated with Alclad 24S-T3 sheet!.
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(a) 7-shi carrier-based fighter

(c) Type 96 carrier-based fighter

Fig. 6 Fighters designed by J. Horikoshi, Mitsubishi.

Fig. 7 Dr. Jiro Horikoshi (1903-1982) and Dr. Isamu
Igarashi (1892-1986).
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Fig. 8 Sumitomo Research Report of Extra Super Duralumin
(1** Report of the study about high strength aluminum alloy).
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Table 1 Effect of mixed ratio of D (Super Duralumin), S (Sander alloy) and E (E alloy, Zinc Duralumin) on the strength
(Brinell hardness) and the hardenability (workability) ” of mixed alloys

23)~ 25)

Alloy | D S E Zn Mg Cu Mn | 400C/4hWQ 450C/4 h WQ 500C/4 h WQ |300°C/5 h| Hardenability
Number | (%) (%) (%) | (%) (%) (%) (%) |RT/7days 150C/24 h|RT/7 days 1500C/24 h|RT/7 days 150C/24h| WQ %)
39 80 20 0 16 15 32 05| 942 930 | 1160 1090 | 1070 1130 52.8 120
40 60 40 0 32 15 24 05| 968 992 | 1100 1062 964 1050 | 630 75
41 40 60 0 48 15 16 05| 1020 1324 | 1090 1312 950 1264 | 562 136
42 20 80 0 64 15 08 05| 1140 1400 | 101.0 1374 950 1472 | 626 136
43 80 0 20 4 13 37 05| 1058 1040 | 1210 1180 | 1080 1200 | 598 102
44 60 0 40 8 11 34 05| 1200 1388 | 1300 1532 | 1074 1458 | 836 74
45 40 0 60 | 12 09 31 05| 1300 1546 | 1402 1612 | 1200 1472 | 830 94
46 20 0 8 | 16 07 28 05| 1530 1564 | 1430 1532 | 1140 1312 | 954 64
47 0 8 20 | 104 13 05 05| 1160 1472 | 1252 1580 | 1100 1560 | 764 107
48 0 60 40 | 128 11 1 05| 1348 1627 | 1402 1612 | 1276 1580 | 636 89
49 0 40 60 | 152 09 15 05| 1348 1580 | 1400 1516 | 1300 1444 | 948 67
50 0 20 8 | 176 07 2 05| 1472 1612 | 1416 1596 | 1180 1388 | 954 69
51 80 10 10 28 14 345 05| 1020 976 | 1130 1160 | 1080 1130 | 574 102
52 10 8 10 84 14 065 05| 1190 1516 | 1100 1472 | 1090 1596 | 730 116
53 10 10 8 | 168 07 24 05| 1530 1658 | 1500 1532 | 1190 1312 | 976 116
54 60 20 20 56 13 29 05| 1090 1190 | 1150 1300 | 1170 1324 | 776 74
55 20 60 20 88 13 13 05| 1170 1500 | 1220 1548 | 1090 1532 | 676 129
56 20 20 60 | 136 09 23 05| 1458 1612 | 1444 1642 | 1276 1458 | 866 137
57 40 30 30 84 12 235 05| 1264 1564 | 1252 1612 | 1090 1230 | 650 148
58 30 40 30 92 12 195 05| 1240 1548 | 1288 1694 | 1200 1596 | 736 129
59 30 30 40 | 104 11 22 05| 1312 1564 | 1150 1500 | 1150 1458 | 740 112
60 20 40 40 | 112 11 18 05| 1276 1532 | 1312 1612 | 1030 1402 | 756 113
61 40 20 40 96 11 26 05| 1220 1500 | 1300 1676 | 1180 1516 | 676 148
62 40 40 20 72 13 21 05| 1130 1150 | 1160 1627 | 1160 1486 | 712 128
63 | 100 0 0 0 15 4 05| 942 936 | 1130 1050 | 1130 1170 | 536 118
64 0 100 0 8 15 0 05| 1082 1360 | 1120 1430 | 1110 1486 | 738 101
65 0 0 100 | 20 05 25 05| 1580 1610 | 1458 1444 | 1240 1240 | 898 79

*) Hardenability = (the maximum hardness - the annealed hardness)/the annealed hardness
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i) 7354 ~ 58 kg/mm?, 20 ~ 12%) . FLE HEHE (W
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3 <, THB T SR8 K 10%, $H25% i Td 5
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L CHREFFINBE S A, 194042 HHFRFICR o T b, Z
DEAL, 19364E5 ~6 A, X—RA &R o/EA4, S
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Duralumin), ®4 Y2 IV 3 v @ Shiz,
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b, ERTIZ19264EEHD S KM EGERTT TITHAADL

Time to Failure/day

0 10 20 30 40 50 60 70 80
T T T

I |—+x%-Al-7.5Zn-3Mg-0.5Mn ! !
‘ ‘ ‘ x crack

O No crack
I —+x%-Al-10Zn-1.5 Mg-25Cu-0.5Mn

M|—x-Al-9Zn-2Mg-1Cu-0.5Mn

v - Al-8Zn-1.5Mg-2Cu-0.5Mn-0.05Cr

V[ Al-84Zn-1.63Mg-1.94Cu-0.5Mn-0.17Cr
| | | | |

Alloy

—0

Fig. 9 Life time of stress corrosion cracking in several
high strength aluminum alloys %%
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Front and rear spar flanges (extrusion)

and spar web (sheet)

Fig. 10 Zero Fighter and its main wings fabricated with ESD extrusions

Cross section
of front spar

16), 27)
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Fig. 11 Forging die of propellers for Zero Fighter stored
in UAC] Corporation, Nagoya.
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a) MU-2

b) MU-300

Fig. 13 Mitsubishi business aircrafts, MU-2%) and MU-300 *.
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a) 767-300 b) 777-200
Applications 767-300 777-200
Length 549 m 63.7 m
Wingspan 476 m 60.9 m
Height 158 m 185 m
Engine thrust 21,800 kgf x2 42,500 kgf x2
Standard seating capacity  [261 or 232 268 or 302
Cruising speed 862 km/h 905 km/h
Maximum take-off weight [133.8 t or 152.0 t 2132t
Range 3,280 km or 5,510 km 8,200 km or 12,600 km

Fig. 14 Boeing jet airliners, Boeing 767 and 777 and their specifications *".
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a) Boeing 767 s fuselage with stringers, frames and skins

(Cross Section) (Thickness Distribution) {inch)
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b) Manufacturing process of taper-rolled stringer

Fig. 15 Boeing 767's fuselage and taper-rolled stringer *.

Conventional structure SPF structure
(45 parts, 400 rivets) _} (3 parts, 80 rivets)

Cost saving 30%
Weight reduction 15%

7 New Design; Intergrated door model with

g SPF beam and stiffener

Conventional
design

Fig. 16 Integrated door model formed using a 7475
superplasic sheet compared with a conventional
structure *.
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Fig. 17 Comparison of superplasticity of Al-Li alloy
8090 sheet fabricated by between conventional
process and new one (Conventional process
consists of cold rolling and new one does of
warm rolling at 300C , L: Longitudinal, LT: Long
Transverse) 9~ ),

Conventional process

400 um

—_—

New process

Fig. 18 Microstrucures of 8090 alloy sheets after
solution heat treatment at 500C for 5 min in a
salt bath fabricated by conventional and new
processes 9799,
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Fig. 19 Boeing 767 air cargo using polished skins *®
(photo by Hideo Obayashi).
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Fig. 20 Integral wing panel made by FSW (friction stir
welding), (1531 mm wide, 2700 mm length), 7050
alloy extuded shapes before FSW are shown in

the picture of the left shoulder ™.
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