BREXBIHMB F54E £ 15 (2013) 264-326

A Va5 v EER
—BEx Va5 VEIRME- (2D 2) T
= | oE B
Sumitomo Light Metal Techsical Feports, Vol.54 No. 1 G018, pp. 26412

Extra Super Duralumin and Zero Fighter
— History of Extra Super Duralumin— Part 2

Hideo Yoshida

The history of the development of the Extra Super Duralumin is divided in three stages; first
pre-history before the invention of the ESD, next, the invention of the ESD and its commercial
production during World War 11, and finally, the development of high strength aluminum alloys
after World War II. The pre-history was summarized in a preceding issue. In this issue, the second
and third stages are summarized. In the second stage, aluminum was introduced into Japan in
1886 and Sumitomo began to produce aluminum sheets in 1898. In World War I, Sumitomo received
part of the frame of the Zeppelin airship from the Japanese Navy in 1916 and produced Duralumin
in 1919. To produce the Duralumin, Sumitomo sent engineers to Diirener Metallwerke after the
World War I as compensation for the war. Sumitomo also cooperated with Alcoa on manufactur-
ing equipment and it was possible to produce Super Duralumin (SD), similar to 24S, which was
used in the Mitsubishi Navy Type 96 Carrier-Based Fighter. The Japanese Navy demanded a
higher strength aluminum alloy than 24S. Dr. Igarashi and his cooperators invented Extra Super
Duralumin (ESD) with a tensile strength of 60kgf/mm? within 1936 within a short time of period.
Immediately, this new alloy, ESD, was applied to the main wing of the Zero Fighter, which be-
came the main fighter for Japan in World War II. To produce Duralumin, SD and ESD in large
amounts, Sumitomo developed a new continuous casting facility, and built a new plant in Nagoya
and then introduced new rolling mills, new extruding presses, etc. ESD wasinvented by solving the
problem of season cracking (now called stress corrosion cracking), which was prevented by the ad-
dition of chromium to the Al-Zn-Mg-Cu alloys. However, US forces found the secret of ESD by in-
vestigating a downed Zero Fighter. Based on ESD, Alcoa developed the 7075 alloy in 1943, which is
even now a typical aluminum alloy for aircrafts and is available all over the world. After World
War II, high strength aluminum alloys were needed for railway cars, motorcycles and automobiles
instead of aircraft in Japan. In the railway cars, weldable Al-Zn-Mg alloys were noted in Europe
and USA, which were already developed as good extruding alloys during the war and known as
Honda Duralumin (HD) in Japan. In Sumitomo, Dr. Baba found through basic research that zir-
conium decreases the quench sensitivity compared to chromium in the Al-Zn-Mg alloys and pre-
vents the weld crack and stress corrosion cracking, and he and his coworker invented a new Al-Zn-
Mg alloy containing zirconium instead of chromium for the first time in the world. He then
invented a new extruding Al-Zn—Mg alloy, 7003, with a good extrudability and medium strength
the same as the 6061 alloy by air cooling. These alloys were used for the body structure of railway
cars and rims, frames of motorcycles and the bumper reinforcement of automobiles. On the other
hand, high strength aluminum alloys for aircrafts were used for the front fork of motorcycles and
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baseball bats. For airplanes, Dr. Baba and his coworkers invented the 7075 alloy sheet with fine

grains for the taper-rolled stringer of the B767. Recently, the 2013 alloy with a good workability

was invented in cooperation with Kawasaki Heavy Industries. This alloy sheet is formed in T4 and

it is possible to omit the quenching after forming and correction processing. Moreover it is possi-

ble to extrude hollow section and form integrated structures with this alloy. Therefore, this alloy

has contributed to saving processing costs and reduce the weight. Hereafter, we are expected to de-

velop aluminum alloys available for the Japanese aircraft industries in cooperation with govern-

ment and academia, taking over the tradition of ESD.

3. BAYUASII VDR

31 ZII=DALADHEADHAL2Y

R—NWEZN—DBTINI =9 ADBRRREFEEFIPL
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RO« ARICHEF L TWAERERT= (LTS K
ZBOVTHRFRICE U, 1916 Ficid, #ZRKiE 8
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Fig.2 Breguet 14 type aircraft, named "Keigin "
fabricated by Nakajima Aircraft Indus-
tries td.

(http : //www.ne.jp/asahi/airplane/
museum/nakajima/nakajima.html)
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B, BF—RERKREsKLHOD, BEAREBERE LT
KA YDORBED 12 L TRIER»OMITHEEZITR
BT LI TWD, TRITHEEBIDIEILL O—K
ORBTHY, TLAH, TORYWEEN, P IIHEEDOR
HEIBREEOMEEB/TIHVEREEDOAINTH
5] &ah, ZOERY 25 VRISEREEASR
WINdT Eicli-7, 19223 8, BEHEIE BF
EEAERNBEREARE L, BBELTNENLETE
LERMBIAFOEMNE 4 2% b - TSN, FXKMH
WD 5 iE, LIFROBHMBER, EHEILHOTFAER
B, /MRIIBOLEZ =K, SHETHOLKERRK
MEMU7I, 19226420 8BHFE, TETEAFaL Y
KEIEL, OAPHET, FarvFr - 290y btt
(Diirener Metallwerke A. G.) TV a2 5 4 3 VEIER
WEERE, TO%KFA Y, REOLHEZRFEL T, BEFE
2828 BRELK, FalF 20T 0riETIR
EIHOFEB L ERRICHEL TR LANEEHAR
DE L, EIHRH‘EOY 250 3 YELEFEEBE LB
ARoL, FAAIIERL TERROERZE/TLL
HILHEWI] LD L THB, BB.REFRIAI VLD
FrareTHEAL, Uy, KNFOHEEICHKTFESEL
TWiBEFEL S, —TOEMERCEL TERDOBZILE
WTHBRRAOREENEL SN, FO&E, EHEBR
EZOER LRERRBEE LTEB L, U, Yas
W VEEERTBEEE & it BEERISEETEBE
HEWMLTWVWS, YasayvicBLTE, HAEIL
1922 FEPFFR =5ALE L 1926 FEEED S RMERORE S 6y
Lo,

3.2 FRIEETBR Y253 vRIEHEHTOREL
EHIERE) 9
1923, R—FvOiEHE (Va5 vEIEER
BEA] k- ThbhdahicEfEHIGHbEZ &
K&-T, HLVWELERFEEREET 25THMSIL TSN,
ERKXaEF =AW, 8" ARG AMSGERTER
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L, CO&H%E 1000 b v BEKERTEER, TIKE
EL LS LT 20EETHE, LrL, COFTEHIEIE
BIZOEMSE D, 1928 FOREBNTEBIRE THDL
wahi, Cof, 1926 FEFREESHLVAEL T
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BADOIMI &t & DREHWHRLTE YD, 1925 EH%R
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WMEST LT LREYL, BRP LTV IRGHADELE
TRAEBERTHIEE B o1, B, 743731928
ES5H, WFTEADTLVI=OLYVIF4u K (T
WE V) BRI LIORHEOEATEEE LTS
TUhF v ViEEbDL-T 1980, T+ v EDAEF
THREDRTB LAROETLE*BEIFERLTV I =
LpERet (B, HET NV =9 L) BRILSOE,

BREBBIRICEY, 7oRSBEMPLIS V7Y 2T b
1 E OARIEER, SRR & 51 B cliES 3
7o7 440G, FEE EE RS Tk
TERIMOI T L MO AL ITh N, HEDORIT
M LoBlHscERENILDORY 2 503 ViREWMY
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h, Th&HE T8 IREELBHETE LT,

(1) sHEE

C OB IS0 SR M, EE 4 &, HAF
BEETHD, ZEIE 80ke ARG, BERX 140mm @
40kg SEMMERSFEETHA T i, 1931 FiTid,
EIEFRMAIC 11~13" AR (110~120kg) »5, &
AT 3ER 150mm @ 30kg S5 E 12 RER 9" @ 50kg
SHME S h, BRABLICBITLU I, BBFRTIL
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DOHENHE Ul 7 o5 BEERSRIE sy v RIT,
1931 FELHIZ FERE X 330mm, T EPERE 305mm, =&
483mm, 110kg T, ThAREB|ICKEL L ->T, 1942
FEFITE, FEEZEH 600mm, TZPEZEH 800mm,
500kg SHAAV SN TV 5, MH I 25S(A1-4.5%Cu-
0.8%Si-0.8%Mn) TH 5,

1931~1940 &£, SMEKikTIN#%K, REFELSF
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Fig.3 Casting Mould with controlling cooling
rate by gas burner and water spray !’
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500X 1200mm @ 2 FEEEMSBESTET, KROKR/NMRE
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2BRBo—uh2ERAVSNT,

VasnyvEEMORBERASIAIDOR
Krupp #£8® 1000 b vHERBEET, KELUEFKE
MEL, FEEIMETH EF e #D#%, Schloemann
84 2000 ~ v HERA TN,

(1) sEsEif

BB, ToRSBEMALLTINOEE b
T—nve—WBREINI, TO%, 1000 b v DOERR
KE¥ESHE:, R0V a—FL24HE, 3hvz7T—ny
v -—MAREFBI NI,



268 3

XRE &2 B & #

2013

3.3 EROMERR, Yashivho@BPash
TN

FREER I JERBRTE» 5 O IR EMBRE
INTED, RODHFWEIAT, vzuvR) VOEYE
AU AZiE 1917 EiciR U - TR AE B T3
HrgedR] & L THELIEMBRESINLTVE, £0—>
P, TBREFASL=st7]1 T, 1915 F£® Stahle und
Eisen 55 & 1916 £ @ JIM 5£® H. Schirmeister & XD
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TZlo, MAK (L) BETH5, REAGLE
(1886-1966) % 1914 EFRILFEKFILHFE (WE) &
*%, ERAKIEHERMAF, ZilKOARFRICEKE,
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XS FHEIRE TO%RFHFEIGESR ItEZEEL
foo TR, 1940 5, WMPAFKEZEERS S i, B
RN OBREZELN AR W7 — 9 & LTidYEED
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B 5L UEBEOHROLEMZITIBIEBTZZM, To0—F
HOSREE LS 0RX, MBHE7 VI =y s65&0k
KA TH B, CITHhHEIhTVLEAEF, 1930
FROREZNLTEHAEELT, THIATOY 7Y -2
5DFEL “The Aluminum Industry, Aluminum Prod-
ucts and Their Fabrication” (1930, McGraw-Hill Book
Company) i bBiiEnh TVWB, BRABEIRERICHAV
AR DMK ERT

JasNI VRTIE

« 681A (Al-3.53%Cu-0.55%Mg-0.54% Mn-0.46%Fe-
0.30%Si, F=2lF A FT ziirid),

+ B17S (Al-3.46%Cu-0.35%Mg-0.44%Fe-0.30%Si, 7

N3 TH),

+ 178 (Al-3.99%Cu-0.55%Mg-0.58%Mn-0.45%Fe-
0.30%Si, 7/ a7, 681B &[EIRRSD),

« C17S (Al-4.01%Cu-0.54%Mg-0.58%Mn-0.47%Fe-
1.30%Si, 7/va Tk, S5AEBR—»— T2 50
1),

ZDIEHh, ROGESHEINTVWS,

« 7T 2 — v Aldur (Al-0.99%8Si-0.65%Mg-0.45%
Fe, Yva) 7— =% (Guilini Werke A. G.), 7n3
7 518 b[EIEE),
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« 3 9 % Lautal (Al-4.06%Cu-1.88%Si-0.46%Fe,
594 v =t (Lautawerk)),

+ 255 (Al-4.54%Cu-0.79%Mn-0.82%6Si-0.44%Fe,
wa 7)),

Y A€ (Al-4.04%Cu-1.58%Mg-2.14%Ni-0.46%Fe-0.
13%Si, NPL)

« v 45— Sander &% (Al-8.39%Zn-1.65%Mg-0.44
%Fe-0.11%Si, I —/V K<Y a v bt (Goldschmidt
A.G)

7

INSDEET, FIERS, MARUEERZR—re— -
Ta5NIYV, ¥VF—a&hbo L bER, MEHT
TINF 2a—IUBRGBNLTWVWE, CHIZRVWTY a5
VR FUS-BEPREILEHEIN TV S,

¥Fry—a&id Al-In-Mg ZAELT, Ty tvDIT—
WEY 2ty bEOEBWRZETHRESL, FA4 v TR
“Constructal” E & T Wk &Y, HHMTd
Constructal 8 (Al-7 %Zn-2.5%Mg-1 %$Mn-0.2%Si)
I35|3R58 & 60kg/mm?, (U9 ~10%Tdh %, Al-Zn-
Mg ZOIKER IZBEIC 1913 &£ Eger it k- THRES h
TWiA0ID | 1993 LR, v y—&<A 24 —13,
CO=ZFTRIRERKZF#HRET L, Al-MgZn: B _THR%
24D, LHrbBRBENBEL L ITEDL, 475C T
DRAEEE28% HOERD4~5% £TEILT BT
btz ®, £ TMgZn:x 4 ~10%S5E 713
=Y LB E%EDL > THYUERAN L A, FEEL
TBHLEEBIRATIENCEL > TE S ITEHI OB
SNBT LMoo, B M S Yk IR
TWEDIETERLIRBES M 27, TOEIBEIL
T, BREE TERaeS] ohT, 19274, 0
JRIGEEEKDFERNOEERE LT MgZn, 7L I =
LICRFEEBEZANEE EbIC, BYFE/LERANT
b5t EANLEEARNC 7)) 2 VEBESTTES %
BALEFELWVWEZIREIC, 55VIREBERAETHS,
ZORDIENENEL T, FriBBRHEINhORR =R,
CORERFERALEBEVEDOERICE » N TWV
3 12.14)0

PEHAOTNI =y bAEOWRE D LI, BARL
i, 193218, HAWEBRETB (Va5 V]
DOWE (B—R) =@HELTVWE S, AR Li-44H
% 1& Al-8.60%Zn-1.57%Mg-1.41%Mn-0.34%Fe-0.14%Si
T, ¥V —BELTH5, CO/LDMAEREE LT,
450°C 7k, EiBEE%, 100°C / 6 BeRIME%), 120°C /22
FrREZh 28 E L T W5, 120°C /22 BeRE%) T, 5l
iR5E S 51-55kg/mm?, 77 4Tkg/mm?, {HTF 10-14%
BEoNd, COMRRIBEIBDOE 128 % The < 45,
BrRh o, RIZEMHEL, FiESE 5o hiaE
BEHCLTIhsoFEERLESE 30 Mg %
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6% 1P LcASICIRRL 2o TOR), BELOHER
BB -t E SO ARATSH 553, BEENHRFO
HEMEE (WBE~X) tiieh SDEIHICE D{ER LI1EIF
ELa&E, BB 2503 v Al-6 ¥Mg-3.5%Zn-
12%Mn & &DORfEicHib - 729, 1933 £ 7 B E+&E
b coseonIH, BENEEERZEL . T
MR TERERRABREITY, ANMBELEETED
BEEHRTE3»THE LA, COFMIA+EELD
FARUCB Y 2 S0y vicBId 2R O—E LT
fgaxhTWa®, AN EF To|3EME 46kg/mm?2
fBF21% T, 160°C T 24 B OER L T3lsEM S
54kg/mm?, M5 41.5kg/mm? (BT 8K THIAIM
BiZYas0y ViclhRTEST, LrbEMNID
DOTHBELR FS €50, MRLEMLARMERMT
HELRE L THEELIFHERT S ). [ERECR
W T biE 25~40% LI EERINMTRAAIEE], 8-> TA
MHERBRBINCEELRFHEL T TREZ{(ER L IFH
K58, BB REd s BRLEEETH 2,
ZEMENERBEL LTV BUVEHATH S| ML
BT TVB,

Lk (1929 ) DERBAFRDOY 2503 v %
Tablel iZ/RT 18, DoS—fFIcv 2503 vEHRSO
T, FIEME I3 42-45kg/mm*IBEETH %, T DEE L
NNWEBZBAERAEZIBSFENOB I a5 48
~ (Super Duralumin) &MEEN I,

{RERFT TIIM A D% 2 F ) THER KRG HE
BLTL %3, BERKKERELS (1895-1957) &, 1919 &
TMFERETESCAMLERZH T, FERHERICA
D, 1927 % MERELEF VI =9 AL DRI T
FAEEE, 1936 W ElR, 1943 FEEURE - (HERART
R, 1945 FEHEE LB -1, BKBERREGE, HHTH
AHALE (7TA7 5y o) ORFEELLTHLLHSN
TW3, 7L i=9 ABFETIR 1925 % (KIE 14 9F)
SA2TAoHAREL IcHBRKRAMFAESEMRD
M7 A5 a—v] B/ WHERAR=3t7 (3]
BHB, E5IKHBRD MRED Duralumin &£
LFREE “MC” ofFRa] (1925.5.5) LEBTAH
H&T, ik, BURBEORKT» SRAEKTEA
#L, 3{E4£E, Duralumin # 1 7 (Al-Cu-Mg-Si),

Tablel Chemical compositions (mass%) of Duralumin
type alloys at Sumitomo (about 1929) 118

T

Alloy

Cu Mn |Mg |8 Al
Do 4 0.30 |0.50 |0.30 | remainder
D, 4 0.55 0.53 [0.30 | remainder
Dz (Duralumin) |3.85 |0.45 |0.53 |030 | remainder
D3 250 | — 030 |- remainder
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Al-Cu #4147, Al-Mg-Si 94 7icnEEh 3 T &%,
SO BAHTHELLEGE MC oEERXTWVS,
MC &€, Bk45id Cu 0.5~2.5%, Mg 0.2~1.0% T,
BWEANBSRIINIZEL, % D% 100-170°C DIER T
b L+ 26T, /B LEBENORELZIRN
LTWa, @I, Y250 vicllidsaLsl
THAEE£C6 (Al-6 ¥Cu) DOWEEAFEOWVW-TWVS
(1925.10), B, E+@EBE (FL) @ ryvarsv=
gty (1925.7) TXihELrEa—LTW5,

(F1) ATEELE (1892-1986) & 1913F RESE

ENEE A %%, BEDOHFETHE L - 121% 1919
FERHFTERFICALE, 1922 ERKFEEFERYESE
BAFERERSBESHICARL, REETcHEL
teo RIESALOBETRET, FRESEZIHKER
DR L 12 KS SRR = X% L Bk
5, RIFEARFEBMHEHRCEEL, RO
AZETICHFE Lo, EBMRRRIZ, 1922F%
OF| & DFAT R H R REg & M TR
BEPREEB LT HILT sdiclFrsnibDT
H5, 1924 F i3 ATIEE T&BOWRI BFETIE h,
Z0%—%ic3A+REETD MEASLORRICEET]
CHAEED (B, 7o =y 2BARTEROE
HEICEE T ORXHSBIRE L TWE Y, FREED
52 L OWEEMRBE N, 1939 4, [HIZEHHA
MELTOREGEOWE] TLEFLERE S,
1941 FLHBRUSHHAS R, 1943 EERERBIE
MRS SRR RIRBRATIRNRE, SBUHR
(AT & B B S & RIS O IR BT ERPI 2 T
BT HRIE T B0 1943 /YL, 1945 EHETR RS
HEMSHEMNBEZETIL, 1946 FEB Lz, %
Ot%, RILFEAFICHIMNE LTiBlsh, DFETH
WHIR, 1951 EMERFELLFIHEIZ 2 KT, 1958
FEEFRELRE, 1962 FEFICL D BRE, FRES
BILEKRNSHIZEER], 1970 ERER %R, oD
fdl 1968 EM =B B hi%E, 1974 EAEMEEA
AEZRELDABIESEMRE S I,

At es LS iBe Pa 503 v ORR
BHBTHBH, AfEMEEE, vl viaEo AlSi, Al
Si-Zn % Al-Si-Cu RO P ¥~ ¥ — (Sander) &
£, Zinc Duralumin (Al-20%Zn- 3 %Cu) ~® Mg
0~2.0% RMOEBEZRAEL TS, £DREDH», FHE
&, BSMARVBHEA< % vy AALEPZ ORI
B4 23— EOWEGIT-> TWV5B, HHNTFRRELE R3S
&, BHNEBLEHTH», Al-Cu-Mg-Ni-Fe R Y &4&
BEODER b VHEMES, Yasriv, UILE
&, TUVNFa2—NBAE, ¥vi—~4%, AlMn-Mg %
BENREDERET NV =Y A5 SOBIME PR
SAE, PRLTWVS, T LIHMOREVARTR
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MBBLY 2510 VOHREARBIKEIL->-TWVWE LERS
N3,

RERBic THRZOHE,»S] EWHSREEEHNEL,
WL - tADEMBIk s h TWwW5B 2,

(A4 ShoEBHEBROELHLEE, B LVEL
HEKECER LTV, ¢ ANEBEIEIRERET
EPAFEERL LIICEDT 12D, HREOKBicy
AUXE—HrELl okERRENELTLSIEVWHEOA
BEN WV, KERLEMS » Tl o0
315, BE LWHAEDSINLRICY » U2 LkBIEE
b—2fIb-TdbLhr s,

FIIEREZELRSHOWRETT - LBREEEF
DTWio WUEDRTNI =g LEVWHIBE SN TE
BARICRIT 2TV GEOHEIATEMEZR S ET L3
KFEEDTONEDOTRESTELR VYR LTVWEI L
HHIkT,

PHT=r 2y LERRbDRQIEE SRR,
BERZDHDFEIEETEIHRICHE -t w72 VY AIER
it VWoTHDFEHIN, FNELESILETZETV
BABEREPSRQITL O DI, ) TEENRLAILG
Bt h 2 EERELARELIECEEBIWROATERA
BRHEonoticliot, TEZOET2 LY VIR
2% SD, SDC b LEALHRTPhPhEB-TWn3ELE
FABEETRD DOMEPHICEIRS N F—RAEK
UEBEEICRIESELVWIONH 5, HOBMIIC
Sander @& L= DMH 3, HlLHTELLWVWEAEETIR
OWOSERHAZIN S B D THEW D DIT IS M, FEERREL
IBEFTH Load BT SMBMWEFRALLSL D OT
HB, LIIVOTHHEIBE WL, LTLZEBTEL
BEVWSDILTAELSICL LS TRrEWA LB L]

1931, 32 FELRICI 3 LRITHROH R Licoh T,
MRlokmEDR LSERS i, 1933 EFIC IEKE
D US AELDOHERHMAL L, MEBLIRIBEEH,»SOD
raAE) ddbv, BT TRIO 24SRT MEEX
LT, 2ARBAFLICRIEHRAREEIT-TWVWS,
12 B0 MKER “24SRT” &R REARGE (B 13D
(BFgefi4s No.2381) Tid, RRaicBIL T, MEET~
EHIE, BEOYVaILYvickl, (1) MgoRo3¥k
HieKascE, (2 SioRo/piz L, (3) Fed
Rophszac s, () SROEDEK—BEDT L, F
T, Mg 3EARIECE J 35|5RMmS, MARIEEL,
MU ZHMINTI2HEEFT 3L 0 HFIcZz oA
LicaboD-] L5BL, 24SRTHMIZRERDOBY a5 1
IvEbhd, MgEMSEL, SiERODEWT & 54EH
TH 3, 5|iEME I3 48kg/mm? Mt /7id 40kg/mm?,
BT 16% TH 345, REBIMEBIEHB LD NSV
EBERHENTVWS, ChIBBEANGRERIEEZITY C
LitkBbDE#EZ I, Table2 FHBELOERERE
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Table2 Tensile properties in US alloys, 24ST and 24SRT 22

Alloy and Yield strength | Tensile strength | Elongation
temper kg/mm* kg /mm ? %
24ST 30.1 45.5 20
24SRT 371 47.6 13
Alclad 24ST 28.0 420 18
Alclad 24SRT 34.5 434 11

Typical composition : Cu 4.2%, Mg 1.5%, Mn 0.6%,

(Fe 0.2296* Si 0.16 *, * Analyzed value?!?)
Temper T : 500Cquenching and natural aging
Temper RT : 500Cquenching and natural aging followed by
cold working

T - TR STV 5 KE 24ST, 24SRT D
BRBLUEHEAIME DT -9 TH B2,

HBEI3 1933 E8 B 5 1934 FE 4 BichdT, ¥
HEfEt b 1935 £ 10 B2 5 1936 £ 4 AECKICHHER W T
HIELMZEHAT VI =y 28 PHALOBRHEEITH-
T TOBEFELTR, BRETHZEEAOB Y 2 503
VREZ N VAREDOHENLOEEE-TWE &I
X2b0LBbhz, FREBTE - RGBS
N EHBS0ME, TRKICR T 2MERAFE%KES
KET) B TR, YEoRRE [TERMomL HR
HofhoE - 22/MbeF v at ) ILDBEEE L
THEEKY, THRFIBHOTHEET, MERICBEL
THRICELV, gt kA v IcRTIR S =Y v 7 DR
L LTBEOHWEEREX RV MERAAFORET S Es
R EH B, T LIKREOD, ARk
HELTE L, TOL ZOHIRREMSHBIEOSHEN
NUT Ly b E—HIESOHRMBESINLTVS, T
D LExDFEIFTR DL, KRELHEBBIIHEILKET
FERDERZHIE S OBMKTHEL TWB T EMhh s,
New Kensington iZ & %3 7 & 2 7 ® Aluminum Re-
search Laboratories DR bR L, REORAGREK
AREL TV, BARARENABRTESRRL T
ahTHbH, SimpleicTcEmAL, —FEOMEDHH | &
IAVENOVTWE, HRFD v T Ly FHBRES
nNTEH, FBEUAETORBRENEEATENEINST
RESUERNTH S, 46, UKOWRFOKRE, &
EXFRWBICHFELLBNSIOTV S,

T, FAYRPIZEELIO VTR, [Zi3HD
KA Y DHTIRITWD, REERRARNBHTLI =Y A
BELLTRKRELTY 250 VST ROTERERE
NoTWIEW, FLAEDS, 5I3RES 45kg/mmllL,
HREB~C A 5S0kg/mm? Ll LD D EBA LT ]
LY 250 VORABERATHS] &% Fal
F AN T N TREROB 2503 v
681ZB (Al-4.2%Cu-0.9%Mg-0.6%Mn-0.5%Si) &% D
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Table 3 High strength aluminum alloys in USA and Burope??

Cu Ni Mn Mg Fe Si Ti | Cr YS TS E

kg/mm? | kg/mm?| %
o DMSL1 ¢ 1) 3.5-4.5 0.9-1.5] 0.9-1.5 0.2-0.9 32-40 46-52 | 16-10

m -
ermany 3.66 117 | 138 | 029 | 065

DM31-2 (*2) 40-42 50-52 | 12-10
Germany | 681ZB-1(*1) | 4.2 0.6 09 05 28-34 42-46 | 18-12
681ZB-2 (*2) 36-38 46-48 | 12-10

USA 24ST (*1) 4.2 0.6 1.5 30 45.5 20

24SRT (*2) 37 48 13
USA C178T 4 0.5 0.5 1.25 35-38.5 44-49 14-8
Avial 1.5-3.5 0.5-1.6 0.25-1.0 0.5 0.5- 44-54 | 20-10

France 30-38
1.0
UK DTD252 3.5-4.7 0.4-1.5| 0.4-1.5 | <0.7 :0.7-1.5 34.5 >44 >10
Duralmin F
UK RR56 1.5-3.0(0.5-1.51 0.4-1.0 |10.8-1.5] <1.0 | <0.2 39-42.5 44-50 | 20-10
2 3 0.8 1.35 06 | 0.08

*1) -1, ST : Quenching and natural aging

*2) -2, SRT : Quenching and natural aging followed by cold working

ME 10% b F = ¥ 7/ DM31 (Al-4.2%Cu-1.2%Mg-
1.2%Mn-0.5%Si) E¥TB8BY 2503 VALSERT
LTW3, KEICHRIFZREETIR, TraTHORR
KfEbH3b07T, [REKbFEHT NZE 24ST R U
24SRT TH 5. Z DH#ekid Al-4.2%Cu-1.5%Mg-
06%Mn T, hEDI 5y FitbdHE] LHELTWVS,
#KETIIRRS6PL RRODEZ b v EFAEL T3,
Table 3 RECKZEOBE/BHAE—TWERT ),

COMEOAATIH, 19344, KAV D 681ZB ¥
DM31 A& tBAUNHER LEB Y 250 3 v T SDI
(Al-4.2%Cu-0.75%Mg-0.7%Mn-0.7%Si) & FrL 8
U2y vk, %1 SAl (Al-1.2%Mn-0.8%Cu) %=
WE L @b iROMEEE S I k- TR SN,
COELIIERBZOMAMICRI—ENS D, BRI
BlZE L THEESMNEILDEREMEL LIEWV 24S
Kb BT EEi o7, 19354, 24SEIB U2 503
v 12 SD (Super Duralumin), Z® &b Rid SDC
(Super Duralclad) &#rEh, Hijio SD1 BEEIEEh
7o SDC OFE#MIE, YUHSAL TH - 71ch, obicid
SA3 (Al-1.5%Mn-055%Mg) &@& &b, 24SC &b
BREDADLEREN -1z, TOEMITOVWTIIKED
TNI S5y FMTRETLI =9 LD, FAYDFa3
VT Ty M BET IV =9 a8&0BEBIsh TV
3, A+ABLRFEMAR/XTIOEHITO>VWTOHREIC
SWVWThfith, T =94 & SAS OREWEM &
AN ITOWT 3 ¥NaCl E TEMORNEEITV, &
EfEHTRIZIFEILELTH A4, AN TIERL
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Tabled4 Japanese military specification for aircrafts on
Super Duralumin SD and SDC?*
(1 mm thick sheet)

Alloy and Yield strength | Tensile strength | Elongation
temper kg/mm? kg/mm? %
SDH 28 4 156
SDR 32 44 10
Duralclad : SDCH 27 42 15
Duralclad : SDCR 31 43 10

SD:Cu 3.8-48 Mn04-1.0 Mg 1.2-1.8 Fe <06 Si <0.6
SDC (Super-Duralclad)
Cladding alloy (SA3) : Cu <0.25 Mn 1.0-20 Mg0.4-10
Fe <06 Si<0.3
Temper H : Quenching and natural aging
Temper R : Quenching and natural aging followed by cold
working

BREBEDIRIEN R B I OBAEMRELY, fi7ri=
ATRBY250Y vEBTBTE S, SA3 D IR
TEAZLZPAohic LifKiEBRTVWEI L2
L. &SI OSES EMICTRE L TREM O At
R 510, SEREFCOBEOINSEREREL T
k=R L TWichs, At+mig S oinbhitL
D, EHMOoMRMEEH(LSE TROBEEEE ST
JTFEELTCricEBL, Cr03% Ll LGNl gk#f%
BFEL, 75-02 359 KEFRLT, Tabled idBAD
BYasy v SDHLUYSDC DEEMEREER
'§- 34)0
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34 BUaASIIUvMOBLEYaATWNIUAN
—S&RHE—

1935 4 8 A 10 Bt oA HED No.3326, A
T MBENEE&&0%K (No.1)] (Fig.4) #H3,
IhsiBa Va2 VEROE—HTHE, TOFE—
BRLMEREHEETRCSBRTWS, &, B
AETL Tokg/mm’BELOENGFGV, XL T, £h
PMAIT H B A FERRICIZBR E D> THESZ, D5,
AREOBAIEABEHTINLV, 2RI T, Tk
NRESOEREF LD S, 1358, BICURAKRE
(F1l) OFXiEHY, BRECHERENHAAFICHH T,
bt ficBUa50 s vORRESH Y (RN
54-58kg/mm?, {hU 20-12%), A EMEEAEL & Htic,
il EWRXBF 250 vOFRANS B, Lok
TH3] ™, Fig.5 icht+@EE L RKOERE:RT,

CZTHXEIL (0bOBMEIL) O Tokg/mm?iE
A4 (+ & Thom A44) &3, BREBOEEEMEY

s & X%
EEET

bR EoiRN

m i

Fig.4 Research of Extra Super Duralumin
(1t Report) 2’

Fig.5 Dr.Isamulgarashi (left) and
Mr. Goro Kitahara (right)
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3L, ThadeRBEENLY, BHAETEFD=a—
ZWED > TR A YR ETHREEE M-, LOLES

SN DOEREN BRI N TH D120 T, ERICH O,

2o LHL, FABEHESD OHADTHEEE 12T
LRAATHE S, BERAkIHKASH (BELABIR,

REDOBRIGLDHIL) #AKIEZ BERLSHEF 10 % 12 A

13 Bici bR (455756 133182 5, &&% 1939.11.13)
Lic7nvi=gaiderdic@ilizvw, Thid Mg 3
~6%, Zn 6 ~14%, Fe 0.1~0.5%, Si 0.1~0.7%,

Mn 0.1~1.5%, Ti 01~0.5%, Ni1~5% 2&E7

W= LBET, BNOIET S L5|EES 80kg/mm?
K3V ] 47T, TH, BHINCELTEED
HbhTWiih - &, £0ERHSMB & iFH
kB, LW ETH-1] £H B,

GE1) JLEREREK (1892-1971) (FfkMSLEHAEER%,

BEEWPRAIC AR 20 HEYFR, 1935FFK
EAEMAL. RETETHIAE L L DICHARRE
LTREE i b, 1945 FRASYRERHARE
Eloto 2BETT, FABHPRKARLLAERRS
B EEIGEEFRS R, TYEsHRIcE W
H144 ESD OFEMAAFEIc-WThAtHREIE IO e
LT, bolificwzik, A+, tREmiEog
VEWBH MO FESD BHAELILEBWET
ISR MRS ADAREES L RBEEOTATIEAR
AJHETTH, FEFIERTERLERBUATLE, A b
SCEXFE Lich TBIIRICAERTED, 15
DIRZDH%IL, RVEZX IO BERERNS LBV
B3] LW kBFTHHOWYWS [EBELT) Ly
SERMNEFET, ERBich3ERET2ATLI,
A+ASABTA FTeH LIRS ABZTNEERT
3, LWHTOMEAERIRHEMNTH -1 EBVET L,
(R & BRI IE, BAMISEARN & LIRSS E IR
CTLEDTENBETHETH, dH>—D22E—-F
BUHBEEZLEBVWET, FALEDTUHFEEGMICEAL
SNTIRENESHLLET, ESDO L S T K S
HaBEHEAOBIERINDRIERSAD IR
WHILBEE] BAEZHLERTH- o dbHNELA] &
MXTWNE #),

P AASIBIL T, BEMEUSKICLTVT, MK
Mz PWRSBEAFETHEE LItk UBGEMTAL
ORI EFEETH » 1o KBESCREBK G | [BERH» SIF U5
o, THIVIBLHEMNSEDIEMELTVED,
LEDLNITENHB, ChiLABERIE Chidd
TRY VTP I0EFKRELILbDTHE, Thbs
V=XV Tyt EAEMBRLTERMLILVWEERS
T, §CRERCES LTSV ET] LRIZELE, [E
KELTIRTDIES DRI E DIREWEISEATE -1
HIDOHTMY FRATNE, HARIERSEHLALER
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MBHhEFT, TNIDFIEELLTIR, O LE8E
DRBEEFAL £ Lico @BES L TREHEIN LD
FRRTHZLILZ b & SR ALRBE L TEROWR =S,
COWREREMER DN INE LSRR EZELAFHO
THRELTHNERA L, AT REICRE LG
BAE-TEALL, BEL, ZOEAT s ICIERIG
Wink, FTHRHEMEZRCERALE Lo, EROED
SIRAIELIHNDOD THoto FLTHBIEIELT
ESD 2@ Ccttohic L0 TH 3] LEAHELTY
5%, HIMMRBEDO [EREERE] CEFKAL) THE,
CORRMREZG LD, BENEHAEDEEETH
FFREELYONINEREMEDEL DT LD, ZoK
DOhT, 4TIt FoBIasny vhERSH
TWVE Lichs, IPREEISEMREEE 210, RILLS
WS, Lhrdd-&8hi, —FHI Y2 — ¥k
DRE+Fahob+FoflORHCETHIAONE LS
HBEAEBRLVWEWS T LIKHD EL TR, FNTHE
RERicxtL, BEMT/RE LT, DIREREEFLE
OTT L] ENFKIGBRXTWE, BaSHss, ke
ClicpgElsh, chicBdsAREHFRE-TWI
L\za)o

ML LT, RALLOHEER—ZICEEEOEEK
Bibshicc EAE, Fv5y—46% 39s068E @
FEENAAFORILEE, AEMEASE, HREFOMRE
BEBEDF—sER—2IT, TTRBEELINTHLS
BEFZDOFMmMSE s nic, Thidh > TEEMIT
KWIEELALECEILLEbDTH A, BBRENT &
I Al-Zn-Mg-Li b#ita i, TITEAELEVWHIOD
2, NPLOoo—+¥ v 4 v s50FES4E ETZ oMk
i3 Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn, sz 20%
¥ T&# Zinc Duralumin & LTEISh TV, FEEH
DOBE L 4000C THEANE, BEZELEHL L E05|
IRAEE 53kg/mm?, Mif/] 45kg/mm?, {HTF10% TH-
foo LD LEANS, BMBEVEEIIGIIRMS ICIEXT
+RNEVIEHTOREBROBR TANELL BIEHIE
BREZNPSBETH - oo BEFESKTTN I EEI N
23, Mn BRINTHBRHHE L CEHNOBRZHERET L
EREINTWVWS,

REENTI Y v ¥ —D Al-MgZn: %A&%&, 8Y 23
nViv, FLTEEDo—¥vyN"{ VOESEE~—
ZICRAVRT SNz, FMRXITE, E—DboD
(S) ¥ Mg-Zn, E_0db®D (D) F Cu-Mg, £F=0d
@ (B) i CuZn-Mg Z2FBnsTH57=0LE
£&£TH3B, Zn, Mg LU Culd Ag ZRWVWTIE, Al
RS EBEEIED, £L20EEIL 3 BMEDE
{LHRHBZVODTH S, > TR IC L TREVLEE
MRKUEEZEAEE (AgomEELBORIMNIER
AL&ELTREALCKY) BEDOFRIcH BT &htEEs
N5, MEHBRMEE L TRBEDOKR 23354
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BTH 5 HBERRUBMCRIFERIEE WS A ZDEN
MEEED LERTS Lich Ao X B UBRHETH 5,
- THRDHD S, D, RU EO=TLHRICH WV THESEIR
HEIT A W TSR K SRR EBIC R W TR bRV, BIIDT
HHRAI L THRUEYHRREREEH] P ERVWETC
L TEREEREDITONIEH B, TNFNOEEKRSE,
D : Al-4 %Cu-1.5%Mg-0.5%Mn,

S: Al-8 %Zn-1.5%Mg-0.5%Mn,

E : Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn
THb, 79 [D-S-E=nHRDLFICES &RIHEME
838 L 400°C, 450°C, 500°C ic4% 4 B¥RS{RBKL 78
AR Lt H 7 ) x VIEEZRIEL, EE% 150°C i
24 BRI TOBUCHBEEZREL, €Ki 300°C i
SERBES LIPS L C=FEHBEEEZAE Lol T OfE
2% Table5IT/RT o RIC MHESHL ATERE 2 AL L
EHEABERICE DIBONITERE & 2B L CHER
GF : TR = (RSERE - PESHTRRY) ~ HEsilEmE) 23K
W5, LR (Hardenability) @Ok 3FRREE
EOSE S CHERECR VTR O » EMEL3EE
AT LOREIBHEMIEGBESICHKRBIETH
3] MEDREERESVWTOHETH B, T DHER,
No.54, No.61 STE <, [Hpks 38 8 K& 10% , A
25% Rtk TH3] LT, ZoDaEMEESNIL
5 6 17)0

+ Al-10%7Zn-1.5%Mg-2.5%Cu-0.5%Mn-0.01%Ti

(ESD No.14%)

+ Al-8 %Zn-1.5%Mg- 2 %Cu-0.5%Mn-0.01%Ti

(ESD No.2 &%)

- Al- 8 %7Zn-1.5%Mg-2.5%Cu-0.6%Mn-0.01%Ti
INSDEEDIR, #, MHEH, BiowTEED
RUEZAEL, THFRHNBESL ESD WA
36~65kg/mm?, 5|iR5HEE 58~T70kg/mm?, (BT 8~
20%, TFRE 150~200 *F LREFEREL>0H 2 RE
I L TEF L BRE 3B E2H LISk
M E L THNEHMR EEbh b, R, £6%
B8R BRI ED FICR THA OEBIC > THRZAE
KT 25X BGHRRIEEET 5, oy &y —54
ERUEDEAEMNEBS HIBBNUEEE TS Ich
hrbhodFERLEhI3HLobDi}, & LTHOE
ORMaBHBICLBE] M ELTHANONEDORICA 3,
HRMELTE. S.D. A&DZHMBEBAICHETL 50
i2, Table6 ICHBENESLOWRMELBO—BEERT
X 3T, B No.3ssd MBEAHRAaLOWR (B
10-5), E.S.D.A&D [V 55 F| HO¥RAMME |
(1936.6.30) 5 TH%, THTODOE, GE&OHMPE
BRE-1TEICEBODEEZONS, E.S.D. D&
TNT 7Ry hOBBICENZ FHBHBEERBICHE->TW
3, COZFRICHRE > BB IC OV TIREESII I
RV, FHBETRICLIEBL V2501V E
ESD (Extra-Super-Duralumin) & &{1 70 id{FER
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Table5 Hardness of combination alloys with D, S and E alloys®?

Aloy | D & E 400°C4hWQ 450°C4hWQ 500C4hWQ 300C | Hardenakility
Number [ (%) (%) (%) | RT 7days 150°C24h| RT 7days 150°C24h| RT 7days 150°C24h| 5hFC (%)
39 80 20 0 94.2 93.0 116.0  109.0 1070  113.0 52.8 120
40 60 40 0 96.8 99.2 1100 108.2 984  105.0 63.0 75
4 40 60 0 1020 1324 1090  131.2 950 1264 56.2 136
42 20 80 0 1140 1400 101.0 1374 95.0 1472 62.6 136
43 8 0 2 105.8  104.0 121.0  118.0 1080 1200 59.8 102
44 60 0 40 1200  138.8 1300 1532 1074 1458 83.6 74
45 0 0 60 1300 1548 1402  161.2 1200  147.2 83.0 94
46 20 0 80 1530 1564 1430  153.2 1140  131.2 %.4 64
47 0 8 20 116.0  147.2 1252  158.0 1100 1580 76.4 107
48 0 60 40 1348  162.7 1402 161.2 1276 1580 83.6 89
49 0 40 60 1348 158.0 1400 1516 130.0 1444 94.8 67
50 0 2 80 1472 161.2 1416 1596 118.0 1388 95.4 69
51 80 10 10 102.0 97.6 1130  116.0 1080  113.0 57.4 102
52 10 8 10 119.0 1516 110.0  147.2 1090  159.6 73.0 118
53 10 10 80 1530 1658 1500 1532 119.0  131.2 97.6 116
54 60 20 20 1090  119.0 1150 1300 170 1324 7.6 74
55 20 60 20 1170  150.0 1220  154.8 1090  153.2 67.6 129
56 20 20 60 1458  161.2 1444  164.2 1276 1458 86.6 137
57 40 30 30 1264  156.4 1252 161.2 1090  123.0 65.0 148
58 30 40 3 1240 1548 1288  169.4 1200  159.6 73.8 129
59 30 30 40 1312 156.4 1150  150.0 1150  145.8 74.0 112
60 20 40 40 1276 1532 131.2 1612 1030 1402 75.8 113
61 40 20 40 1220 1500 1300 1676 1180 1516 67.6 148
62 40 40 2 1130 1150 116.0 1627 116.0 1486 1.2 128
63 [ 100 o0 0 94.2 93.6 1130 1050 113.0  117.0 53.6 118
64 0 100 O 108.2 1360 1120 1430 111.0 1486 73.8 101
65 0 0 100 1580  161.0 1458 1444 1240  124.0 89.8 79

SREFIFHECHFERAROTHEZBIKT 1936 £
5~6AEEDCETH BN, FRREBEEXTIH,
1937 %€, MEOEBELL - EESE, S&%, DEE
BYasnwiv) OEXFE2E-TESD ¢HB L]
EH3, SOKEKEVWC LI, TOFED 5, 9, 11
ROHELTIE, [TLI=y rREERI—KkEYyE—
v a FNERS ] 5I5EEE T5kg/mm? iR 5 A&
BIRD + 252, #H, BENEEZAFL e
DIEEAEEIT> TV 5, BENELTSRICRN XS
IENCC D = 2 — ZADFRMBKED 21 ZEYEL LD
THb, P4 No.3738 "Thom Alloy gt v
(1936.5.5) T, TOAFL It s&5LRMOMERRIE
Al1-9.05%7Zn-2.15%Mg-0.9%Cu-0.49%Mn-0.22%Fe-
0.27%Si T3l &5 = & 61.7Tkg/mm?, /7 43.2kg/
mm?, B3 13% THoto COAERAE+RAELS
O MHELTWS [60kg V2503 V] ERES, W
FIMEEE It XCEMT] S5 AoBELITIIIA Vb
DfEEENhTVWE, TO [60kg Va3 v LIFE.
S.D.OT&THA 5, No.3852 DAXHD T415 ic E.
S.D.LBEELTWADT, TDE.S. D.OMRKIIHFER
4 No.3814, B HEAE T418, T415 O¥EHRAIMHE |
» 5 T415=E.S.D. : Al-10%Zn-1.5%Mg-2.5%Cu-0.5
%Mn (1936.6.9)EFEZ 5115, T DL No.3814
Tl 28ELRILKRS %64 T418 & LTiFH#EE(E
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3.5 BHiEih (SHRERIN) OF@AEOREIL

ST, CIooMBh+E, LRO 3 v eBREERTE
L BgnxtsiTd 5, Table 7 ickiAgIhicBdd 3
RELO—HEERT, 1936 8 A 20 B OHAHKRRE
No.3939 [E.S.D. #1840 lglh] igtwe (E—#])J
MZOINEDE—TH 3%, CORELOPEEED A
EVWHEEROTIIAT S, WEFIZZOEK»SLT
tRKIcLZ2bDEBbh 3,

[E.S.D BE&E£DEBALENO TR T 3Eh%E
FHT 5 EHREREAE LA>RRO I Eici 2%
"Lk,

1) BhoRBEHEE LTRTFR=HEEFERL

1. ZEDE: 2. [E¥e 3. fEdhik
2) i) AEEC LB LILES TERELIEBAIIG
A TP VWTHRICE N AR EHE T, miRchid
ZORESXIKECIEIc L b TELDOBRDEIRS B
bLFhdEhs,

i) ghRHFNNNERIIIBE L OERANERZG
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Table6 Technical reports in Sumitomo Metal on super high strength aluminum alloys

Report . . Creation

Number Title and subtitle date Content

No.3326 |Research on super high strength[1935. 8.10 [Declaration of start in this study
aluminum alloys (No. 1)

No.3363 [ibid. (No.2) 1935. 8.29 |Effect of MgZn 2 on mechanical properties of Lautal alloys

(Al-4 %Cu- 2 %Si-0.5%Mg)
No.3379 [ibid. (No.3) 1935. 9 Effect of contents on hardness of E alloys
(Al-20%Zn-2.5%Cu-0.5%Mg-0.5%Mn)

No.3385 |ibid. (No.4) 1935.9.10 | Natural and artificial age hardening of Al-(Al3ZngMgs) alloys

and Al-(Al gMg,Cu) alloys

No.3427 |ibid. (No.5) 1935.10 |Estimation of properties in E alloys

No.3479 [ibid. (No.6) 1935.11. 5 |Tensile properties (1 mm thick sheet)

Tesile test about new kind of in Lautal alloys with 8 ~10% (Al3Zn¢Mg7) and Al alloys with
aluminum alloys 10~149% (AlsZngMg7)

No0.3538 |ibid. (No.7) 1935.12.17 |Examination in the optimum condition of heat treatment on the
Relationship between heat alloys in the previous report
treatment and mechanical
properties in No.23 and 24 alloys

No.3586 |ibid. (No. 8) 1936. 2.4 |Research by assuming that the optimum alloy exists in
On the thernary alloys, based on Al-Cu-Zn-Mg alloy system combined with D, S and E alloys
D-SE alloys

No.3719 [ibid. (No.9) 1936. 4 .25 | Next four alloys were chosen based on the result in No. 8 Report and
On the mechanical properties of the mechanical property of them (1 mm thick sheet) was examined.
60kgf class Duralumin sheet Al-9.6%2Zn-1.2%Mg-2.0%Cu-0.5%Mn,

Al-10%Zn-1.3%Mg-2.5%Cu-0.5%Mn,
Al-6.5%Zn-3.0%Mg-0.5%Mn,
Al-7.5%Zn-3.5%Mg-0.5%Mn

No.3800 |ibid. (No.10) 1936. 6. 2 |Next two alloys were extruded into round bar with 30mm diameter
On the mechanical proper ties of and examined the tension test.
60kgf class Duralumin extruded bar Al-10%Zn-2.5%Cu-1.6%Mg-0.5%Mn,

Al-9.0%Zn-1.0%Cu-2.0%Mg-0.5%Mn

These bars quenched followed by artificial aging show yield
strength is more than 0kg/mm?, tensile strength is more than
65kg/mm? and elongation is more than 8 9. The end of extrusion
is very hard and has remarkable high strength compared with the
top.

No.3810 |ibid. (No.10- 2) 1936. 6 . 8 | Mechanical properties of sheets and extruded shapes were
On the mechanical properties of investigated. Sheets show yield strength is 50~52kg/mm?, tensile
60kgf class Duralumin strength is 60kg/mm2 and elongation is 10~15%. Extruded shapes

have the same tensile properties as bars.

No.3851 [ibid. (No.10-3) 1936. 6 .26 | Mechanical properties and corrosion resistance to sea water were
Effect of additional elements on the investigated in Al-10%Zn-1.3%Mg-2.5%Cu-0.5%Mn and
properties of super high strength Al-8 %Zn- 3 %$Mg-0.5%Mn alloys added with Ni, Fe, Cr, Ca, Ti, V
aluminum alloys and etc. The additions of Cr (minor) and Ca, V and Ti did not

reduce the these properties and increase corrosion resistance.

No.3852 |ibid. (No.10-4) 1936. 6 .26 | Bending property by bending test of sheets was compared between
On the workability of super high alloy T415 (ESD: Al-10.1%6Zn-1.61%Mg-2.3%6Cu-0.5286 Mn-0.28% Fe-
strength aluminum alloys 0.18%S1), and alloy T418 (Thom alloy: Al-9.33%Zn-2.0%Mg-

1.09%6Cu-0.53%Mn-0.28%Fe-0.21%Si).

No.3854 [ibid. (No.10-5) 1936. 6 .30 | E.S.D.C alloy with cadding alloy containing Cr was rolled. Adhesion
Mechanical Property of E.S. D.C of clad is good and the diffusionability of Cu by heating increase re-
(Extra Super Duralclad) alloy markably in a long time, but it is not necessary to regard within the

regulated time.

No.3859 [ibid. (No.10-6) 1936. 7.4 |Determination of optimum quenching temperature and artificial
Heat treatment of E. S. D. alloy aging time

No.3865 [ibid. (No.10- 7) 1936. 7.6 |Measurement of the weight reduction and tensile test after dipping
Corrosion resistance to sea water of into 3 % b ‘ine water as testing method. In bare sheet, intergranular
E.S.D. alloy corrosion occurred since corrsion resistance to sea water was not

good, while this property improved remarkably in the clad sheet
with cladding alloy containing Cr.

No0.3892 |ibid. (No.10-8) 1936. 7 .18 | In vestigation of optimum artificial aging temperature and time

Artificial aging temperature of
E.S.D. alloy

275



216

T X &8 & 8 & #

2013

Table7 Technical Reports in Sumitomo Metal on seasen eracking {stress corrosion cracking)

Create
date

Report

No. Title

Content

No3939 |On the season cracking of |1936. 8.20

new E.S.D. alloy (No. 1)

Investigation about the occurrence of special cracking under residual stress
in E.S.D alloy and consideration to the prevension of cracking

No0.3988 |On the season cracking of [1936.9.19

E.S.D. alloy (No. 2)

Commercial production of E. S. D. alloy with low Zn

(Al-4 %Zn- 3 %$Mg-lor 2 %Cu), and E. S. D. No. 2 alloy

(Al- 8 %Zn-1.5%Mg- 2 %Cu-0.5%Mn) is possible because of good artificial
aging property.

No.4017 |ibid. (No.3) 1936.9 .30

E. S. D. No. 2 alloy is availabk. Season cracking is prevented by
addition of Ti, Mo.

No0.4030 |ibid. (No.4) 1936.10.12

Grain growth and season craking are prevented by addition of
Mnl.2 or 1.5%. The addition of Li was investigated.

No0.4047 |ibid. (No.5) 1936.10.23

E.S.D.No. 1 (Al-10%Zn-1.5%Mg-2.5%Cu), with more than
Mnl.2 % prewent season cracking remarkably.

No.4092 |ibid. (No.6) 1936.11.18

Addition of 0.5~1.67%Mo to E.S.D. No. 2.
The addition of less than 1%Mo improve remarkably the time to
season cracking.

No.4099 [ibid. (No.7) 1936.11.27

Addition of Mo,Cr,Co,Ti,Cu,Mg and Be to E.S.D. No. 1
(Al-10%Zn-1.5%Mg-2.5%Cu-0.5%Mn).

The additon of Co is effective to tensile strength and the addition of Cr is
excellent in preventing season cracking. The addition of Mo is not effective
compared with No. 2. The addition of Mn1.5%6 is too much.

No.4112 |ibid. (No.8) 1936.12. 1

Addition of Mn0.5, Mo0.3, Cr0.3, Ti0.1 and Mo0.3, Cr0.3, Ti0.1 to
E.S.D. No. 2 alloy.
It is good to prewent season cracking.

No.4113 [ibid. (No.9) 1936.12. 2

Addition of Mn, Cr separately or together to E.S.D.No.1 and
E.S.D. No. 2 alloy. No. 2 alloy is superior.

No.4121 [ibid. {No.13} 1936.12. 5

Addition of Ni to E. S. D. No. 1 alloy.
Tensile strength increases. Howewer it is not effective to season cracking.

No.4144 |ibid. (No.11) 1936.12.21

Addition of Ag,Ca, Si, Sn to E. S. D. No. 1 alloy.
The prevention of season cracking is not improved.

No.4244 |ibid. (No.12) 1937.2 .24

Effect of addition of Cu, Zn, Cr, Bi, Sb to E. S. D. No. 2 alloy on
season cracking.

The occurrence of season cracking is not changed within the range
0.1~0.35% Cr. Effect of addition of Sb, Bi on season cracking is small.

b5, CHIFEROKESICHEELERZEIHE LE S,

iv) HEABEZE % b0 RANNER P ERE TIEARABRD
MREATREZEZE LR WABHETIRENS,

v) Al-Zn ZEA&LTIZ Zn20% 2E5HT 35D, #
DOHEANEE)E 5 D 300°C fEslie 3 bobsghz AL,
HWMABRES bOFEL S DIEIFET SV, MR
0% LLTOobDRVWTFNDOIKEEICE W T bEEEE S
(BihiE:)o

Vi) ZALRB (Yasniv] TRy FV ) €5
bEINEE LTV,

Vi) FRREBEARBEE L ORE M FMEHFTER Season
Cracking ICHEUE 2L EX Z2DBEYTH S,

3. ARELDPENDORERIPARVERBEDBEH

ARAEIC LY, BT 2H%EE, IREES.D. 44D
430°C #2A 100°C HER€ 5 b D RHNER UV EEETE|
hEALLTV, RALBMEICLNIBEMORERH 5 H
HABFEEADD TIZ bENELT ZICE|5, B16H
ARUBRREEOHAT cldgihEm2Ichibd 23T
EW,
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4. FRELDENORRIIZT DL BENMK L Al-Zn
REECRIE 78 (F TEOKERTIR o) ©
FRIEET2LABVWEVSRRICOEDSEX TR
BALIK>ERERL 12,

Al- 8 %Zn-1.5%Mg-2.5%Cu-0.5%Mn (RIEEKLRL), Al-
8 %Zn-1.5%Mg- 2 %Cu-0.5%Mn, Al-7.5%Zn-3 %¥Mg-
0.56%Mn, Al-7.0%Zn-3 %$Mg-0.56%Mn, Al-6.5%Zn-
3 %$Mg-0.5Mn

1) RO/NROFTMEEINEZINTEERAMHH B 5 L4,

2) A=EFEIB=FICu AlcLLTELL

3) 2EE&&™H Al-8 %Zn-1.5%Mg-2.5%Cu-0.5%Mn
BE&Mb-o~L bRBETENEL UL, hobDIdHEA
BE 250 bBNB b, 2RENTTS Z Ok
2 E.S.D. &{afhTH 3,

4) Al-8 %Zn-1.5%Mg-2.5%Cu-0.5%Mn R E.S.D
BLDENICRIZTEREED effect 1 125°C RET
zh&nE< bEL bIERBEF LB 5MHRER T,

5) Al-8 %Zn-15%Mg-2.5%Cu-0.5%Mn & £ I3EH
L, TioRBEOEMICRTOEIBIbDEEL I,
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5. xF%A& & VI Al-4 %Zn-3 %¥Mg- 1~ 2 %Cu-
0.5%Mn &£ FZ i Ti0.1% R DRINIC & b THL L
oD ELE UBthEEm% L B%ER T 5 b
he, RAEEERBRESZE50TREVWMNMEEDLS,
RUTFHRFFSNa, BRNEEI E. S. D. icfafhd. ]
LHy, FTFTRERHEERDT, EBRERELCBE
LTWAZ EDhhd, ERAEZBHELIRTA &
5o BEALBFLHELEREBHRMBS cHEsh T
230TIh%:dLICBNT 5,

FrAZIN DM AR [TTREREINETRE 55 58
BIRAEESHPEBICEFTL DL LT—RICRFLH
SNTRE3, ThicBid 3 HERARXIEAIE L TR
53, BESIKRVTHEHROZL ZEL TN 1E6£LD
Mg EREC THEOH 2HREYNEL »S5EHDILT
[B2 b0 DWEXHEKICE > TIRAAERE L TR SHm
LESTHELXAMVWTHAS | B LS LT,
EER - SIS DT D SIEF 5, J08h, Uk {ERTIE
AELEDEKBEOHROITL-THY, BROIENE
RINEHRHMOSNTH D, RELOLHBERANOTF
ROYURBHEICLLDDEEZ SN S, LiToWRHE
WCH - M AEELEDTOLE L NS, 5 TIEH
TP ->TVWAARED, BEREBXEHbEL, —»
SEI 2T L CHMBIRRE LIt ADES 2D LE
JTHERTENE LB S, Fig.6 tRBR A EETR
-§-32)°

D ZIENik

SROXRBIC Tmm ARKESORFEXIKFOELHE-
THENLBEOA T2 KEEHRT 2RISR T HRICER
XFEDHIL T3 IR X BZENBGERIC L tghz
HE U1,

(a) punching

(b) Cupping by
Erichsen Test
(c) bending

Fig. 6 Estimating method of season cracking
(stress corrosion cracking) %’
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2) EkiE:
) F e VRABBRIC LD RARREEZZO ) Vil
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DIRHAZBEICDBEZLDORM» AREZBRT 318N
EELIEV, K (B8 K2 OBAEDO—F=RT,
3) Edhik (FEihEk)
8 25mm, £ & 180mm OFHF % Fig. TICRd &5l
YLl - T gt & » 15mm NSO TZ DR
BarBr icZATHIRBIC TERERNICKE L TElhoZ
HEERAZLLY, KRERIZOMBHEOLORE
WA NIE 2 EEE S b0 REL TR IcLTEh%E
HEU, ZOESERBICES 2> TgNEETO
FZBREEREIIRKELY, RIMEEHLILIGET S LBEEN
EHEURWV, WE TN BRI OTRENCR T 2 JE dh
HROKEITHH L TEIN % TORBIERIIIEHET 5,
Bbgniz—Ell Lol hzKvELT 3,
4) EORIEAR
SR 20mm, AE Imm OFFEHRNEZEE 21 HE
Y, B 30mm OMBERAZED Cha/ BB A
kA B A DEIAICER L ABINE L TRBRE 51,
HUnERE AT 2 TEMRBE 5 b D EFIEEERIC
LTENEELE b, RDOSE 25D IE,ICRER
ERBT D HENEELLV, MdEINITEICEGCE
BHNTHE T B,
4) 5|ERFAER
FE I DR AEIZIESIE S D 5 [5RIS IR O FEFRIG A
Y TREFENTEC STV EE L LR LoBEER
KRG BEANBFEEREHOH MRS T3
IR LTOPHOLKM I L THB, RLYELTIRE
AT daEHZNcBEL TRETCRA S5 - EERH
DV, - THRELIEHW TGS L EHEIN & O BR
AERMICIASHICT S LI BAL Z5RIENDOTIC
NEETE2DOhESrEPESLICTEAH K 17
WRTIEK TR 21D, KEREMHRAITE AR
wTEhESRBR LI B (13) R5ERIE & BEIhzE
H 7" %12 DZRFHE & OBIRINEETR T, ThiTknid
B BN IS DN BICHE > TEE D H< 12 b i b ihiR
DOfFE A S ¥ M L TA#H 15kg/mm LI T OB TIRE
nEFEI»ERLVWOTREVWNIEBbLNSE, BT 35|k
IEHRAE SO LT E L b~ DFEH
RFT, BzET MBI LTRASEIENIIEIE
THhORELD 5, TdZORERIBEDOKRZ Ofthies
DLEMITIRD TELT 2HRIEIEBBVHETH 5,
PEORBRHEEMELL, RN ERRRICH
S ERUVBEDIIRAE L D @M I/PNEBIEHTE
R DENEHET S L ORRIFRED 5F R TS
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Fig.7 Estimation of season cracking by bending test

BHRRIC & 3 NG

KEBODEEZLBEEBLEV] WS T ETRARRE
DEBERET L. BROBEHEN AR LER DL
Nixy+EBLABACRELAWVWEDT ET, AR
ROWHILBZEENS > & EENDH 5 O EIE,D
Bfcic, KK, wRZES, B%E £%, kE HZE
heEhEIc X W REE LTc, T DR, KESKPICRG
BIBEN S - & DHAITARKPTON+2D—TEIN i,
BERFICHATLC LRIAKP TR IR TENEAE
CBbDOMNEZEHTREUNEE LTV ETH o7 IR
I, BRARCB--TUNBTEH S, GZREBRLEE
BT AKkBRbEANERET 5 LER, RBKBRTH
B L7cir, RIBKRUEBUKBETD TZ ORRSEL L
W EDHPBAL foo & S ICERPHIE AR FERTIGN
2P LENSITE D EBESIKMBEELE T 0D,
80°C OiERIA LR (PbSn, BiCd) DOFmgiciRdT & 1~
253 TENI, ThOBEZINO—FELEARLTHIW
EEZ I, APHIEFZELL TELDICADERTHER
L2 BghesELiihb s EHELTWS,

3.6 BHZNICRIZTEETROLE

BIETOHE—HRIcT| &K%, 8A»S 12 THEPL
T, RE 0.5mm R Z8E LEghEh I & 3 Bligho
WAL ant, 5 118 (1936.12.21) D&% IS
LT, 4, BehRas (E.S.D.) OfbFEmsr%(R
ETFRoimnl, Al, Cu 2, MgZne 11~12, Mn 0.5,
Cr 0.3, Cu, Cr, Mn O#FinficBdL CldBIc R EE
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278

BIERABEED, WEWLTENARIEORKICA S,
W3e3RE No.4241 TE.S. D.R&&DWHF, E.S.D.-No.
2SMERO=tgicatvwT)  (1937.2 .22) T, E.S.
D.No.2 (Al-8 %Zn-1.5%Mg- 2 %$Cu-0.5%Mn) & E.
S.D.No.2 +Cr03 icoWTIExfEL, E.S.D.No. 2
+Cr0.3 & 5| & #® ¥ 58~60kg/mm? , it
48~52kg/mm?, (U 10~16% THHEDHE (5lE®
& 53kg/mmLlE, fit/]45kg/mm?Llt, {HTF8 % LU
L) ZigRL, 180°dhiFRABRTHEIE It & BIF, WEE
MTH s AULRBLTHENBLVWTHRODTRETH
3EEROTTWE, THLIBOE. S.D.No.2 8%l
BIL T 0.2-03%Cr BSiRIIEhTWVWS, 13T 2 FOM
RETIKIIIESD DG &kndEE>LdDEEZI SN
3, BALRBFELsI1ICE TESD No. 2 iCgtW\W Tl Z#
L, 1936 FEESD 2% L& 533 0T, PER
4 No.4241 \EDOH » ARIICIIRDRRE > FLbD L
EZZoNhb, CORKERBRELFEITI42FIAST,
ESD OSB3 BELETARINI- DR INANBHHTT,
L THhH 56 ER TH B, BRAICEHEBEEIL
ZORIEIMIEI2A8ATH B, b, TIITH
7075 25T 3 DI 1943 FETH B H» 5, FEFICHYE
Y43 VI THB,

ESD ofRFE#RL : Al-8 %7Zn-1.5%Mg- 2 %Cu-
0.5%Mn-0.25%Cr
PRERE No.4352 B R &€ E. S.D.-No. 2 iKW
T, E.S.D.-No.2 7 5 v F#fDige] (1937.4.27) T
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BFREREBIEHRAESHTH B, COBRFOE—~—
% Fig. 8 IciRe ¥,
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EEBALTEICDHB,

1935-1937 & F CRE+EAE Lic X b AT N e
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Fig.8 Patentof Extra Super Duralumin

Table 8 Patents about Al-Zn-Mg alloys

Application (A)
Patent Title Inventor | Notification (N) Claims
Registration (R)
114321 |High hardened Igarashi A 11935.4.5 Zn : 5~25%, Mg : less than 5 %,
aluminum alloy N :19356.10.25 Li :lessthan 3%
R :1936.2.4
135036 |High strength wrought Igareshi, A :1936.6.9 Zn :3~20%, Mg :1~20%,Cu:1~35%,
aluminum alloy Kitahara N :1939.10.24 Cr:01~29%, (Mn:0.1-29%)
R :1940. 2 .28 no season cracking
133183 [High strength Igarashj, A :1936.9.9 Zn:4~20%,Cu:1~39%, Mg:1~3%,
aluminum alloy Kita hra N :1939.8.12 Ti: 0.01~0.5%, Mn:12~3%
R :1939.11.13
145112 Aluminum all Igarashi, A 11936.9.19 CuAlj: 0.5~10%, Mg2Si: 0.5~5 %,
uminum aloy Kitahara N:1941.4 .30 [MgZns:2~20%, Mn : 1.2~2.0,
Kosaki R :11941.8 .22 Cr:0.1~0.5%, T1:0.1~0.5, Mo :0.1~ 2 %
Prevention of grain growth
133193 |High hardened Igarashi, A :1936.10.15 (Additional invention to No. 114321)
aluminum alloy Kitahara N :1939.8.12 Zn:b~25%, Mg :1~59%, Li:less than 3%,
R :1939.11.13 |Cu: less than 3 %,
Supplement (Brinell hardness : more than 150)
155806 |[High strength aluminum Koizumi A :1939.10.14 Cladding sheet containing Zn : 0.5~1.5,
alloy clad sheet with zinc N :1942.12.26 Mn : 0~ 2% toaluminum alloy with Zn,
R :1943.4.2 Corrosion resistance
161892 [High strength wrought Kitahara A :1942.5.29 Zn:3~20%, Mg:1~10%,Cu:1~3%,
light alloy for Kodama R :1944.2.19 Cr:0.1~2%,Bi:0.01~0.2%, (Mn : 0.1~2%),
no season cracking
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&) TICREFHBAL TWA, BRI L 73R, KEET
% 2166495 5 CKEHIEE 1938. 6 .20, 43 1939.7.18),
% 2166496 5 CKEHIEA 1938. 6 .20, #%5F 1939. 7.18),
% 2208186 5 CKEHIEA 1938. 6 .20, #%3F 1940. 7.16),
FEHEFSE 510483 5 (FEEHIFA 1938. 617, #%aF 1939.
8.2), 519160 5 (FEEHIEA 1938.6.17, 4#¥5F 1940.5.
19), {LEYFFEE 855809 5 ({AEIHIFA 1939.6.6, 4¥aF
1940.5.21), 4 %) 7HHFFSAH, K4 vicd HEAE
Lichs, RhRhERB LA TREIICEILLAAR
B, AEFSFOFEKARICIE, BEROEKFIC,»-
12 0.01-0.2%Ca OEEFRMATIL TN T VWS, HHFEFRK
NEEBEHOAEROHBEHIAETH S,

T THEBKEV T &3 ESD Ok MEs AR IRe
% | OBFEM 1936.6.9 TH BT L1, TOBEERTLET
FTCrick 2NN EOREFIBBL TV I ,hs
ARATH 5, Cr ZixNLizd&icoWTERL-H4E
LITFFUEHE No.3851 B RS LDWR (Bt+o=),
BROAREGEOMHELRIFTMTHEROEE] (1936.
6.26) ETRY75MW, £2icid [Cr (MR), Ca,
VERUTI OZTHERNIEESEOUHEEETa €3
e, MbZOMARUEARET 3RRHD] &b 5,
TTTWOMEMELE IR 3% BREKdTR I 3HAERT,
BNEL [Z ORMEEARRIC TIF S PFEBESICL 7
na— | hicBREZEFRE L 51%, BRK2Y v b
WEANZE TE—A—] hiREFERESICTRSL
300 fEIRBL - 58, & hiE Lz oXRAOMNEME,
HEZZLRWVIEEI,Z & DKERFFRL 72, TR
FEMAER (/om®) KRFBBEBELTHRLL] &
Hh, BPHINDOLHORERTIRIIWV,

e RIET CrifiiloEBic > vw T, TIER
4 No0.4099 ME.S.D. A£&® Cracking icgt\WT (Bt
)1 (1936.11.27) D#LEeph, ESDNo. 1 (Al-10
%Zn-1.5%Mg-2.5%Cu-0.5%Mn) ic Mo, Cr, Co, Ti,
Cu, Mg, Be . 513R3 & 13 Co Ashnss, milksEtEd
Cr iRINAEFH, Mo id No. 2 1FE TRV, Mnl5% i
ZREEBRROSNTVWE ORI EBLNE, TR, E
BRERLRELHETIRETCOE  ADIs 14550
H5BEbHBDT, KREREI b - LB HTWRE
55 LHEESN B, £4, ESD&L0FED 6 AL
i, EERAETORRENOFEMERIHTWVT,
COFRICESVWTHFPHBEI W bDEEZI LN 5,

FERZEZc LT [F R, REAFENERFHRAH
PUBREUZ i & » T, BB L ¥ 250 3 v HFE
Sh, FHABRIEHRRNSHICHWVWTSSD 584
JasnIvHBREPINi, GIER Snimmicky, %
FBRZrimnc &k - TR RBEZEZ LD T
H5B, L»L, ESD ZENBRATHU doTclcddbd,, E
Aol £H 55,
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OHEEIE S ORFFIE, 575 137117 5 (LA 1938.
4.15, A%1939.8.19, 47 1940.7.1) T, At+HES
Ih#HW2EENTHBEEIhTWE, KD Zn
6.0~10.0%, Mg 1.0~3.0%, Cu 1.5~4.5%, Mn
0.5~1.5%, Sn 0.1~1.0%, Si 0.8% LI, Fe 0.8% LI
FTThd, HAELOKEIFIIEHSE 1475255 (HBA 19
38.11.25, 7ZA%51941.9.30, #%3F 1942.1.12) T, k%
i Zn 4~10%, Mg 05~3%, Cu 05~4%, Mn
0.1~1.5%, Si 0.4~1%, Zr 0.05~1%TH 3, #Fic,
FAFZES NIy AOERI L D ERZINMSBEIEE
12t dH b, BRIEOMEMAT VI =9 AL RBEANRK
ZUEOEHRM S 7 o0 LRSS O a =y AEINEE
KETHEERb > TEM, CORKFRIEFOEL E
bEZA LS, chicBdLT, Az A4 /MR HEL
3 MY+ oS HEscEiar DD, EA
{Licidnikotid 7] EELTVWSES),

KEFEESLI%, MERMROEERREEY, BE
HoPIRBEORMERLEH» S, ESD OFFDOEE
ZWME MRS B ES LRSS 2 EF# MDD,
FERRCNEFE Lo, 1943 F, BMPRISETIE, 24
HicTri=v 52T 3 EMELERFL, 20
NGB - 86 - ¥iE - KN - THET - #HFrz=580
TRTCTH - 708, FRITEE L CHNEHENEHE
BRAEBSHTITHRbOND,

RoucBIL T, AtEEdtREZT, 1937 E2 A
RITOERERE - IRMEE 2 4E 95 (1937) @ [
MAIRAEOWE (H1)) 2FEEKZLTWSE, D,SLE
a&EHs»ELET, MIKDORV T0kg/mm?® D55k
BEEBOSEMTEILERNTVWE, (H3) M
<T, RLEEIAEE 1S (1938) i MFEHBEELD
R (H4)] %, BLEIXEEIS (1938) i MH
BARAEOWR (H5)] ®ERRELTVWE, AER
BEICRIETIES, </ xv vy, SORBLEREDEH
ZAXILDOTHE, HLEIXEFEIS (1938) i [
MOBSGELOWHR (H6) HALRRITicgic] ® %
FELTWB, RRTT I3FEE DR DTDN0.363 1252k
& 117: High Duty Alloys ##®&£ T, NidEmsh
TW5, HEO 2R P LENTI939ES ARITOEI %
55 (1939) i MFHENRAELOWMRE (H2) B4 va
513V “ESD” RUHE®Ds 5 v ¥#f “ESDC” IT#t
TJOT, RWT, 1939 F 9 ARITOFERERE - IR
| IR 65 (1939) I TE Al &£ oKL
EHBFIEIcT) PHREEhTWE®, Ho 2 T
ESD () & Fid# < ->TW3) % Extra-Super-
Duralmin & M8, ESD & % D2 5 v F# ESDC
(Extra-Super-Duralclad) ORE# OKZHHS mic
nNTHH, TOHH,, RERPABESIhTVWSE LE
AoN 3B, FRER - PRPEMBECETRMEhTL

RSP oIV, KEBZOKITENL, 193945
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AoERT (Ho2) 25%HIEESD oEERICETE
BRIV TH 1o WOMRRET 20 OHBOHEL =i
BRI ST WEBLA AP LEVONEETH S,

FoFEMGRTI TZ&EM] 23 (1937) ik, T#HEN
BRELOWHE (1)) BERSATVWED, chid
1936 ££ 10 A @ B ALK MBS 16 BIEEAS THIES
NEbOERLLEBDTH B, FRERB - FRIRE
(H1) tBERILABTH 3, BEREBELE, 3
(1939 ic i3 S Al 6&oEAZIh L KB kicEiT )
BB EI Y, FRERE - MEBRESEIELFE6S
(1939) LBEEILAHABTH S, 7 o LAGRMAMBHESMIC
ENicDid, ESD OEANFEFTH 5 fF5F 135036 HAE

(1939 £ 10 A) & LCABSI MBS 3IFER->T

WA EMbrb, 1, ESD OEAMNESMIcEh
DR, FLEL LTREIRL k&S IKBEALBFSE
D1942FE 9 BT, ThoDHEEKXRENTIELTY
e ESDRPATH S, BHRBEIRETERES AT
DEHEA~NE, BROECTEELTW LA RSH
BT, E-oLW-THAEBELILDDEEZ OGNS,

N, YBHFELETH - -HRKIE%, TESD O
AMETERTH - 7 1940 Eofk (?) X8, Sk
B CHERELRLEICHEL TOETS - 1255,
ITHickon, M ESD OFBEFE L, -
RRTERBIFRICORE) LELEORTT [RBE
FRESITHHLYL, — R ERAEETL ) &

SESBV, MFE ! LVIRTI o LRI &5 HE
MEINBLIE b5ERR, BICSRABICRIC G > ETH -
too ERELAFOIL | EEHEL TV B ),

A-FAS LR EOWRRXE, ThETRRELT
Xfevasniy, BYas03y v, 45~8%Mg %
& Hydronalium 73 SO &S E, 3S £4S4E
D Al-Mn %&£, a5y vR7o~5HABESR,
SiHt, =732y v AAEOBREICOWTE &%, 1939
F 4 BEMRNE LTARFERFLERICGRE LTHF
WtagEahi, Fig. 9 BERIEEShTVREN
LTHEY, ik, 19T ERTOLE REBREAS
SREDOES | (TENBHASHE) i} MRET v

Iz ABEe] DEEAMELTWVEY, TOEKTIE,
Fig. 10 iiRT L S K MUEBOBRERBICFEDEIARSITE
R E»S]ELTWS,

3.8 ESD &E¥

19374 10 A 6 B, =B TELHEMTHEEHRO
WK (Fig.11) BBEE»SHFFEFLh OIS
A4 7TH N E—BOLRFELZITW -1 #hid, [+
ZHUE FEEMSE IR Th ot TR &1}
IRF0 12 ERIEFRS, BLEERSE IMHERE LML OF
BT3RO L THS, BRKIR [CoTRLE,
UEOMERDERTRETHELISNLVWI LEEK
LTWio dL, TAGEMESEIALIKERTZ0
S, FhiEklric, HROLLVZITEHICTRL B
BIIc 3125 WER~NTWE, ZDOERLIF
Table 9 I RTLHIUABTTH %, O+ B LER]

Fig.10 Cover of book titled Recent Progress on
Light Metals and Light Alloys )

Fig.9 Diploma of Dr.Igarashi®
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Fig.11 Mr. J. Horikosi >



282 EFXRE 2 B B & 2013

BROLICKEEBRSFTEOTEEL LTERL L FH)
DAEREDITFULZ TH - 1o

COLSHBERMSBTE LF ST, BB, HEDL
DR TOEIEOLH L L TERIAOHE L 28
A ERGOFH BB, FRICRL TR RS
BRI It E LS AHENRE -2, FD1A,
BB OB I D W I UAIB S, BEOMGLLLS
DOBIERIB LI, FTT, HOIHTHERICL -
TEOFTIETIBAL T &, D DEITHELERTE L
BREHOEBTHE LM -Zh EEESND
THb, T TAREMEE L4010 20 § JilHEH
B, ERC, BTG E T LTl cRESEE
BL, Lrd, ZITHBEATVWAROERKICITSE
BOZEEHEN % b el W E VWD TR T E 4,

by, =FOFEREMOMBHEKIE, T OEDOR
HOMES AN BB LTV, E—Rkz vy IV

o BLIL 7o~ DER, BEZcERREME. M
KEHFZE, 2 DIREFOZESKIEREDEC L, AR
BN LEN, RN ERRATEILTHE L, B—
DIV REFBEROBVWIREEFE > Lk, B0
FoxR5EHROERIZES o5 2FERT I LICH-
TWh, CO7oRSEEIRBELTHEREBRERES
BIEICHBEDTHEHM, ThidBERmEHSLHBC
it 3, RROHLARRE=ZDERBFEIETH - 20
CDLHD—RTH- LEZLRBORELY, 75 LBAT
OERBFEOIDIC, THHEE L] LFFLT, HEKE
BOBNWEIBEL DR T LEbIThhk, BRHOBRR
i, TDEd, EoXIUMRIEEIAEVIT LD
BEVICBZEMNH 5,

i, AEBETROLIEELEROHICOVWTD, 7
BEMRRD B TL A bBLMBIEEW b 12, BION
AREHO L 21345 F o8V 2508 v (SDH) #56
FEah, zoMHEMBEEShTVRDOT, REBEL

Table9 Specifications for Experimental 12-shi Carrier-Based Fighter requested by Navy?#

“FZSUE L BIBHRET IR R

Item Specification

Mission A Fighter capable of intercepting and destroying enemy attack bombers, and of serving as an escort
fighter with combat performance greater than that of enemy interceptors.
#E (RAAT) BWEMWRE LT, MOMBMRL 0 dFCh TR 20 A, DR E LT, &Ko
BEREESA, BBETEDdD,

Dimensions Wingspan less than 12m
248, 2ZVFERORILLSELETOREN 12 2 — FRR.

Maximum Speed [Maximum speed exceeding 270kt, 500km/h at 4000m in leve! flight.
EBE4000mT 270 / v b (500km/h) ElL

Climb Climb to 3000m within 3min30sec.
&6 3000m £ T3F MWL TLRCESC L

Endurance Normal flight duration of 1.2-1.5hr with normal rated power (maximum continuous) at 3000m fully
loaded withauxiliary fuel tank; 1.2-1.5hr at 3000m using normal rated power, or 6-8hr at maximum
cruising power.
BRI onic sy 7 oRBIE T, BB 3000m 22BN TMALIEE, 1282 WVWL L5
B,
BRMEL Y v 7 25 G REERET, UL L5ERBE WL 2.0 8,
525 DKAEE TMAKIES, 68/ELW L 8 65k,

Takeoff Lessthan 70m with head wind of 12m/sec and approximately 175m in calm win. Must be able to take
off from a carrier deck.
MERE LS SRETEE LT /0, ALPVEARE 12m D&% T0m EUT. (BRAS S D 2.5
5L

Maneuverability |Equal or better than Type 96 Fighter ASM.
FATUELBEIR 2 T 1 - oni e,

Arma ¢ Two Oerlikon Type 99, 20mm machine guns Mk.1, Model 3, and two Type 97, 7.7mm machin guns.

rmamen 20 3 VRS2, 1.7 3 ViR 2R,

Type 96-ku-1 airborne radio and Type Ku-3 radio homer

Radio 325 DEEMBEO B iz, BB & - THYOABZERIC S <0 5T EWFRAMANES MO
&o
Mitsubishi Zuisei 13 of 875hp at 3600mor Mitsubishi Kinsei 460f 1070hp a t 4200m

Engine SERE 13 (FE 00mTHRES8T5EH) », =HEGE 46 B (B 4200m TR A& 1070 BAH) %
RO &,
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L, BREBERICKWVIC®RIL -1, 88T, #E
MWESIKEL LB 1-HTRBNSEG ShEv, IS
REWLFALBY 2503 VTR, HTAOBBEMES
ELLadhid s zoEREREINC>TMAD, #T
DELHREL LB EROELSBEBEAMLLED, Vo
ZHBANWBLEEZ OGN,

RO 250 vEBRICHBLIZODD, 50,
Db - EFT CREBRVWERBREWES D hEBRKL
EZTWEEIARRDESIBFERDESD & Ww
MBH -1,

[$58, SO AEIEY LT3R,
BEEOVIC 5D EP-TET, ROLHUEELT
Wot, MBS A, WEEFRTHEECHEVFLVAESE
BTEhhoTVBELLVLTT L] &, SFiokhid, ot
KDY 250 vORESNEDLLEZT, BEOGVH
FERL, RERMICEEICANIBRES EWVWS, ThZC
DEIEBBVWILEKEAZZ oM, 22T, FREREK
Bluagbesd s, BUESBEHEIACHBLENSS, EY
ERERLVEVWSRIEN X, Bif, KEOFERDOIS
KRATW- T, A+ E/NEER» S 60kg/
mm2DBEMNH B EIH>VWTR, FkKELTHE®E
o CTRIETCZ T, BEOHRBB I ILEATH
TOWE AN, BfEIhoRER, PEEH BT 3R
DI TREMMICIBRLTVET] 5O & ORFEH
%, EMERETH S ->TWVWBE S BT, FhE, Thid(E
ABE, LMWL, LT, COFMEEFERT BIC
H1-T, FELEThEEROBVWRELSBHVTET,
g, SLldbich, TROHTLEGICHHEEMEES & L
T, RELICERZHELTH B L, 30kg FEL L3
TEDbhot, TIT, SE,PLIOHLVEEOME
RAEMERICEAVE, T5&, MEARFTHT T
CogRBicEELTEY, FATEI—SFaiETRTL
12D ot BEMRE LABEWEEZAT, C
OFH R DOERERD T Nt | BMsa6),

BT HFZE L, REOIK, EROMNE L EH,
Ripofik, BROKESEHKGEERS L, REBL
ERERDTV -1, ZRIBRERS T /20T, 5|E4
A MRS A S i,

»L LT, BREKOELhF, TE—ENLLZLE
DEELXBEVELT, HEuaBitED S X icRi Atz
ATBEEVWSBERNAFEICRLES-T, 8B4 Y253
vORAEWVS, BARDMZEELE LIRS EEFITV
3ETHOWARFEEHRALEY AhT, 1939.3 AR
TEE—SHEOTR L 120 RMEBRIBEEOT2ICHEEN
Hasht 3AWBEFRTEHAEIC, FHIRS
it ht, EHEMOEIETH, BRALITOIIE:H
%, ZHEEHAEZROS bic@BL, /My, KLEET,
F5—A»H» DT, $48km BN - EBRERIEERRT
IBORBICR 5 ZEDOEMEICE Vi, MIRTE4AL
AT, BEHEOWCERGEY, BESALALI,E
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ot TDR, HFIRABHORELETE LTk

D IR S OB CEMMSES 2R o, 1940 F 4
BRE Citt+ S BEEFIRRICES 5 & LTWRE,
3118, +Z50 2 SEIBEABTEPLMELT,

NA Ty bHTREL - L OEBHSH Y, T ORRRAHS
FREHSBIci-1, 38 16 B, REFSLHMKEIH,

BASRE IR O EETH 5 \LBIEREERH, +ZFEHE
THOTIEALBL ¥ 2503 v ESD oXRHTORE
FREFICED LOWEMNH B & &, HMRITERI DD
DOULFREMSARIT LD AT L B EBVAMSMb - & &
T, RFBEENMBHE0TREVAEVST, EIRb
B agEciihi-0d, ESD OB »ERBES
KEBVUMBA - TRITHITN-DOHERDPTH B &
It S i

3 A 18 HoZEERMOFHMARRZEL T, ihTui
FIRHTOBWEEEE L15ER, LRI ThWiBisva
S VORI NDOERBIIE > TWIE o712 T & M
Bahic e, SOEHRABROITHE - LB, FEf
DL D X BEFEBEOIR -T2 T E,
FZLHTOBIDZEE LB, BEDY v—FTa—5—1
15> TWA DT AR FAEL b i higwnw o & A
SM»EM -7, HMEAROSBOFEHR EBFEMS LN &8s
S M E 7m0 ISR TEALEBLS 2513
VICBEREWE, TSN, (Yol EWVWSTET
#B LI VO REEHEEDETIIZENLSD 2 — 5 —
DRER L 18- 78, COFHMORRIEF i~ X
N5y 2ORBEENRIIBBORLED, REICZORIC
EHWENE L T R/Y5 vABRE LT, FO%EH
T735v 4 —0#Eh, TEhofRL s DrERITEL,
BIROEEFONINE S [EROWEBHM AL -7 &
S RIFEBAT, RITEOESREIZESDD v —X
v 35y (BHIN) TREVWSEEDESAATH
ZLi] EixTWVWEY),

1940 £ 7B, +ZHABEUIHIRNEE LA h,
%@Eﬂﬁﬁﬁm%wﬁféot& AdL, TOFXK
Emz%&at'rgfﬁtﬂﬁﬁ——ﬂjt%ﬂub
Nz, MFE] Lk BB LRI OBIFTH 3,
o] LW ORAED Moy bS5 [Fo.e 75
4 % — (Zero Fighter)] ¥ —2 (Zeke)] &IEEH,
HEDOFH L »oEBRAET N ALBHOENTH B, —
—RIIBHOLEDRRT, HERx v v v tihoZk
B @B BEEERL, BONOBFEz v vBSEES
h3e [—8, 25 L¥z, “HHOHFRIRESZE
Bahsde R, /) LEFh, [—R & [—
S| D LTHB, BEMELLIIAETDOEED
BEZ LWERBTZOUEOER S 2320, DEMRTE
KOBEBEEEIE2HERDI, Thid, ZEORE
BEAiTxt L, MRS - 1R o/NRRUERNIT, T
AYHBEDA— b A=y 3 VEESA vEEZ -HER
THROBERNME M N ickcdTH B, T
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WHIBA, MUSECHTFEORAER, REELICR G
BIZAEREY, FEREEY LTIl TEXSE
DOH|EEXIN, BEMSEE LLYUEEZIFH->&HIC
Vo X VOENMERIERNEEE5Z 5 L] TREN
DWW, 56T BHLIEE, EBLTERVEVRTIVLS
i, EGoRREIThiF o s K S5ic LcBE AR
KEBS NIz, Z0%, TRIEWROIH 1-1- HEHEZ 5
L, SEECcRBEEEESVWVAITVEINTEE
HRRBTEOhERK A B v v v itBAEE=
TRIL IS 51z, 19415 12 ARTFHEERICRAL, HI
BRIEL 7 4 ) VR, BEIROY+ 2 EE, 1 v

NEEBICEL K PERFPE T T, TOUIEERIE
LELLVEREE S/ 1942FE6 8Dy Fyz—
B TO IS KL FORESR & 13 - 12, BRI
bhtc7V a—v+ BT, EABCAREELEL
ALEGEOEE—HET 2 ) ABFICANI, TAYH
3, EEBIIRLIE, ZbBEOUNIEEEDTET
b, BORITEEVDONIBHOMEZMERENLZT I &
LTWo ZLT, TOFELUBHIRTRAREETH
SWEHEL,LDAXEML, FORFLENETLRI
HMABMBTE, AEOHRE, HEMEORTOLT
b, BEL OEINO LTHIFIL R LG ERITH
KlHosfctwbhTwa, AROER, FELENIEE
Pl s ERMEE, MSEMREL > —A T, EdiFoRE
IR AEC M T AEICRIREDSH B T & PEFIR - PR
Bty vy <SS 2 - BRHEKERLESBIRESNT
B 5 TPHEMEREDFIV T & ABA L, FBEE LB
TRBLEEDOHEM >/ F4F 74 M K+ v o BRI
ST LEGE L TSREL, BODEBEHER L 7o £ £ kgl -
B, BER LR LEUSEERET 5 — R EREEE
QR EMATHRT 3y v Fu 4 — TR EDE K
5T, BEUICH L THRAIIT ~ e TD1-HEHOR
8% 1lm IKEHL, oy v FEREEREA LRKEE
565km/h M 2 A _RliciRBa i, 1943 E9 Aic
F72) A BEOHBENES 5 < F6F ~ & v v b
M HTREE | obFdELEBIRBIBL T, Ei
fEicE N/ F6F O HIR T, BHOHEMMSIBE -7, T
5 L-HEIc g 5icid, BHRICESIcf--5HLw
BRI EIRAT B UEND - 1288, REOAFREBLE
THRHMEE TCIRE T ENTEFIREKEE N -7, T
DR, ZEIIRBIATTT 5 &# 10425 BAEE SN 129,
Fig. 12 3ZEE LERWE T — R, ERHHHic ESD 8
HEMBAV S hi,

KEREEX SN BEOBYFORNEIT-TEY,
[EEBEREORIC RIS N A b HEARIRE hT
Bh, TTFZNo00MMBED SN, BIEDHIECH
HIi oW TRERNE F— s B O N, KEEZEHE
DRI EDNIBL Y250 VOBEDSETH -
foo ThIIEE, BAROMEMRRAREMmC LT Bk
KEERBITWS | EEXTWT A Y HOEBEP
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_ — L3
—_ commi |
ER 2503w 3 /*i _E
TLEd . Sparflange
Lk, {extru fonm Spmwe!)
L. 1] | — '. {sheel)
—— i .
=
Crosssection offront spar

Fromt and rearspar

Fig. 12 Zero fighter, Model 52 (A6M5) and
the structure of its main wing

M EEBREORE RIS —REL 1] 9,
MARESD BERHHMICHA VO N I T &1 1941~42 F
KH T TERINA-TE» S BIBEBL, 7ra7Hilx
ZoNTWhEEZOLNS,

3.9 BYaS5NWIy, B2Y25II vDBEY
1935 £, {ER{HAMEHRIIMERRERE 6L,
FREBILEMMHRIISN, AIFE BTz 7L 1=y
LEEDEESDIR 1400 b v TH - 1285, HBED SEE
HHEADFBIbIC & 3 T HOKIBIEEDONLE D STRIT
BN OBESERINI, 198TF 20K 7ax3
TR I X PGS TR IS RS N, 51T,
B - HBEIC &k 5 3O OWEEIC kb, EER 7418 +
v/, #BEE 4400 b v /EOBEMSL TSN, AR
BO{hEARICRITEM B SPIORIRERE_T15, EHER
BETIEAERHZR S, 1938~1939 ERTHEBALE L1,
1938 EXKIC, BEMTELRLEHSHE164 b YO T3
=y AEEEECEFE ML, BEEOWEEO 3IEH
DERT, (HFHFTICILIROKBHM L, FHIHOMM
st E hic, B HGHE LT, =8, KKk &o
BROEBICANT, SHIEMERL L, EEMEHR
EOPOHIE L > TVWBEHEERICREL 720

BtiE, 1939 F Lo, MEBRFEEFSF TV
FHRIS BRNEAS KB ROBET, SZHETEX
FEOKHIC, TigMHREHE L TEESHH 4 FRTEE
A 7<#919 AEEEAF L1239, CoMifiz, 1937 4,
EHETROKEERRSEE ERE 30 AE, EER
HELTOZERA 7 - T 31 DT BRAFEETE
MEBESEBAM L SBUMICE> TR, bbb
LT ORFE N - X AAFHE FEEOLEHET#E
XHERE « B —85) 13, 1935 FICLIEMRE L 1= 4B
13, ISR ASEET A EOXAMAIITICT X
HOWHERTH > 7t KERICREZEEICHDHEELEFH
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ﬁbfr¢§”bm4hJE?6%@ﬁéb z0—8R feHiid, ERETHhORYGERONEUSE L TE,
LT, BBEHEEEA 7 SBHEOHDEESSEIRE 1936 EREFDHEHESEIC, [ThH» S IESsEEGSEICm

ﬂté@&%xaﬂ% BHEBRAFEELEMEES
(Fig.13) 13193743 8 15 B4 55 A 31 A % THE
Sh, ABEEIL 480 AA, #Ho»S>0B8NE 29 7 E
TH -1

1939 F TARRZEKEREL L TREBEEETLS
BRWHSFFE SN, HiE, SR, B BE=HORSE
MR SEEPITIBORBRRICH 1o - 1, EEHIC, EXRR
HEEONAT AR ALBIRTS, 7 o~ Bk
LTIBREMNEBEXRERTIRE LY, EEHE SRS
h, KEFAIEEOEFCHL, BRERRDOER
BEBERF I LIk, 141 F 9 AZHERESE
BEHRSERE SN, TRCEBH=K, BlrRIchL
EBEMSEEL, AtHEEL DL S ICHRER EH-
foo 1942 5 2 AZHERASESREH b ELRERE
TigeE 1ot TOLIBIE, YA CBARD TS -
TOBERERIEEIC L 2 RBISIERAWS 2 & 2hiiRE Lic
2 +Y o 7HREEORMR TIBZHIELE L i

1943 I A - TH S LIFO ¥ irnEkicE s, Kot
5 30 &, bHUERYOEGSHERM, ATER TR
[EREHS 73 o O ic U RE RS, R AER
3600 b vHERUKEREE, To~s>@EMEERAD
4000 + v BRRIKER, 35000kg-m =7 — V=2 —F%
XL RARAETIE LY, FOLEERIREMRIC
I HEE 4000 b v TH -1z, 1P, SHHBARIT 1943 FEE
T RIRA LRSI E T & (AR LR RERT, (HERRT
RHAYERLSRE SN, FEoBEIN, &,
$E, EFE, oM, BEOEMOELERBNT 5,

(1) S

MRBERORERBITHED, 2+ Y v THRTEEZITD

bR SN LW ZETOREMNHD, ThicE
BLADOMSERFIIBEKTH S, 1937 EfE (PI 4~
THREIEHETHS, FEOBTVWHOTHEHThiF L
FOFITEST B4, BARTTRIBARKTAL V-, L
»LT, THEOLWEBEIES I EHRSEELA T
W] EVWHBREOHELELERORBTETH ANLE
%EL&&L Fal B TERERB LI, TO%k, &

[hOZHERELEREF EKED United Engineer-
mg D2 b Y v FHREERMEZRATE L LD,
BUR AR ARIGIENRTE L Lok, ABISEILEGS;
EEMOTEREMSMUEAE L > Fo TNEEY L BETFAIL
BRECIHEARISERI =V, SBHANmIcBHL, BEEAD
ITRPERICYI—T oy 2%BLLELT, 1941 FE6
A, BX 1200mm, # 400kg O&%EREd % SKS-V
RETFseEEEETR SR (Fig. 14) V2, 1942 &
i, REFOFIICES S mARDE y +2{Eh, HO
ey y—7 oy s [TERTERBEREAMT, HRER
BL, Zo0RBTRAICEN OhIcHiEE L TBBE
WLZAT, &K 1400kg, E & 220mm, 18 600 2T
800mm, £ & 4000mm I2ED b oM i, KR
DERE I 1F 400kg, 600kg SHHUAHV SN DT, —&K
DR57H5 IR FLEIKEM SN, X%,
Vereinigte Leichtmetallwerke GmbH (VLW %) @
ENBATRIET B3 FETH - 1245, HRIEBIMEICRK
BLTWI e ERBARTERL Hot, DR
FARKIZ 1937 ED K4 v @ Aluminium FiciBis h
1BEGSEEEICBT 2 EH L VLW D1 9 ) 7HEF
EBEI, RUGHOMEDERREITY, SR, ik,
SiAbeE, Ek, WAL, RESRBRCREFOIE
IR DR ETESL L 3 D 4FEF = EG L, 1942 4

Fig.13 Poster and site map of Nagoya Pan-Pacific Peace Exhibition (white text shows the present place name) %’
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%
Ejﬂ
Y,

600
_..-“'_.i'- H -+ - Cooling water
]
¥ t
Pouring {mm})
a) Mold Nozzle Iron plate cover
Grucible on the cicle)}
brace } /
s
Matal 4
3 havel )
Qil ( 6 holes
on the cicle)
910-15mm #3 Crucible
3 holes

b) Nozzle c) Mold flange

Fig. 14 Continuous casing mold for slab’

HERALERIEHIC TRELL 12, EigEkoM TR
BURTIFED R b Y v FHRNERERiE DA EMR Lic K&
CEMLI, CoEESBEETR Y25V Y, BYa
SWIVIETT Ba2Ya503 VIIBIAATKEBTS
tEINB LV RIEMH b, Ziblin & (SKS-VII)
MEAENI, Zublin ERSHERO—FDEEMKLT
BE, TIhoKTPELHTHEREHLAL, SRERT
STV LEIBICBRDRRIKRS NI = BREVTY
KAHARTH B (Fig.15) V¥, Ziblin & i< & 5 ESD 1R
AEBIE, EE 120mm X 18 400mm X & & 600mm (4
80kg)EED bDTH - 1z,

(F) HAETLIZ 1937 E I OB HETEQICHE
SVWT, BRERROTESEBGEOEEEZ T 5L
STt ot BICHAENZEE D > DEH TMEEAT
W=y AEAEDOKBEED D OF TIEORZRMS N
Bt~ ILBRBICDH - fo» TRIAEORFTO
BWRBA T 3 EHBARRRTH - 1o MM, ALCOA
» VLW BE—RoEME*E LTk, 1938 &£ VLW
D SEMRHEDESH b, SGHEEIRIR TR VLW
BENTVS EHML, 19394F 8 A& & VLW i
RUQEEED, BRskS, EE, &, P, 3k
L TR AZITY, KRBBRO D= » ETHIN
FEEZMRBT B EE o1, RSN D RME
WE, N5, LBETO=87T, 1941 F5 v~
) TRATKA YICED» 27, 6 Blcx ) ViEW
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Oll hole
—

N, gas— e
M Hallow mold
{water quench)
Cooting __| | . Hard

chrome
plating

!Sﬂurn[

water

‘Hollow bottom plate
(water quench)

; {

Fig.15 Continuous casing mold for billet (Left is
for Duralumin or Super Duralumin,
Right is for Extra Super Duralumin) 1’

feds, 12 8%, FAviRviEicd LEERE%: L 1,
TRiCN, ——icFE, EBokt VLW TOHHE,
VLW O&ESKGEEELE 18 & OENBBRETN - 1.
11 Bicnys —x—%5| & L khs, BXEEOERE
THECIWRE TS L RBEL < 8- 7o BEAKREY
ERERNIEKETERICE I N, 19424F9 A,
REFHREE & - 1288, vidEERd 5 RN d
DEFTHLEEINI, 1943 F0F, HRAERPLE
B & OERTHRTILEFRKSSHERME L L
teo TDEER, U4S I TXHESD BREM TR
Mmoteo 143F 10 ALK v EBREFDED
M, = 2ZFTLVH L TERBIBR EYRERS
Nipot, —ABINLILER~V) v OZEBo,
MEPONTEBAEE L), BEDHSVLWTRAY
REEGHEEARBIICA - 720 BRMBEL 1945 &
1RICiE 21 2 D&EBEBMICH /225, 98188
39X THEIL L 123,

(2) EZEEH
a. {HEARFEUREE TG

1985 EC AH 5, BY 2T M3 vHBRITEOIRM
ELTREICA>TEILE®RDI, T THREDHER
KAREFHPIE T 2 RRBE_TIHsER I N 5, 1938
FE»IrOBML, TERMITEER 12K TH 5, KK
DHEREITIE, ARMTEERE & L THKE Mesta tRIO=B
JERERE((227, 30") X 66") 1#:, WREEERICI
United Engineering (U.E.) #$o0=EF%EH#E ((20°,
30") % 66") 1H & TERFREHR (28" X 60”) 4 &, Bir
BRI T B ERERS 2 B (28" X 617, 28" X 66"), =D
fth U. E. tHSPUBRERIEER 1 BB L T, RIRE—
T THAEES hic ARIEER = AV TRIRS LGS
Nico KIROEZETLRRIZRD &5 TH - 1o
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ngA—sBELE (0.25") —pESti—~mE Y —
HEL I — S EEE (ZBREEH, 3mm) —
HIER P —BEsti—~(5ELh ~BRIEZE (1.5mm)
—HEsli— " A EE— 0.8mm AN~
FozF vz (—4ERL)

HMTFETOMIBERE LTI, £—It, MAFETIE
WEENDSE o 1hS, BITRDEANOREEL, 01
BIMEES5~6mm @HIL o B, ZBREERE
TREEREROMILOTZ oa 51 WEFEELLTL
T &P AERITEREHIC ENIRHDSTIGE LR T & b3
Hote, BT, AEEERD F+ + v BAHNWTH -
fotcdh, ERES & ICHEIKEBOFESMBETH - 12,

b ZEEREERSEH

2 BRASREROMMEE Tl E s kic &L 5
AKBUGEIEZ b ) o 7HRTEET 3, 4L LT3t
RTbBHTHLOAASTEEMSTThNhic, TOART
(318 1000mm A X 5 7% U.E. t&a] ¥ " BT IE
# (Fig.16) TES 6 mm % THREFIER, 3407y
7945,

BESHTR, HRMAEZER U.E HRl2x9 v Ko v >a
PIERMSTEIEERE (Fig.17) T3 cxiBiRL, dRBEst
2ANT, #0% v v 700 U E. 134 4 BGReEiERS
THERE 0% O LEZEEITV, RE0545 Ui
06mm & Lo 2 b Yy 7HARTHEELLRIZY 25
wiyv (D), ByasviveEzroseiR (SD,
SDC) @ 3FfE{T, REIX 0.4~1.2mm , 18 1250mm
LLFTH 5, 84Y 2503 v ESD & ESDC l36EskD
FZEARTH - 1o

AP _RMEFETCOBY 25V YEHIR
(SDC) DEETIBIIIKRDLD THB,

400kg 2 5 7>RZAEE (EX 135mm X 18
850mm) —MH| (5 10mm) —&ER KR
fT—me-HAMEZE (BES 6mmX g
1100mm) —@E Ik (f& 1050mm)

ARG & 3 SR OMMEE I, BIrSYem
TBRFERG0" X 707) 2K, BRIEEIR U.E =
BRFEER ((317, 21")X 72") 1 &, #A ST U E. &Y
ZERIESERE ((32", 36") X (66~96)") THEMA VLA
to /MBI A LVOKBRIELE I3, Schmitz #£5 (500 X
800mm) 2%, Farrel 84 (20" X 32") 1 B W]
WREEEHB Y, TDaA LVHER 50~60kg TH-
feo ZOMth, =7 % vy s 8EEERIC B RYERR "
BRIESEHE (36" X 130") 4 &, HKBERA X —~VH
AV EEEZER I E T R T RIEER (36" X
130" 1 &MIEZ AT Sh T,

287

Fig.16 Reversible 2 Hi hot rolling mill, R1, restored
after World War II
(from 100Years of Working with Copper and
Aliminum, 1897-1996, Sumitomo Light
Metal, 1997)

Fig. 17 4 Hi-2 stands tandem cold rolling mill
(pictured in 1958)
(from 100Years o f Working with Cop-
per and Aliminum, 1897-1996,
Sumitomo Light Metal, 1997)

BANCIBEAPZERAL, KiRESOTHFARTSH
BH, IMRDIBAIETHEILL > Taqr (BRKEE
40~50kg) DEFBRAN LA L D H o1

RETODLTVWE R b)) v THROEES ORI,
IMBEED S15F D, EfGEEOMARELIER->T,
1942 FELI%, EHERASESRUSEC X > TRRE N,
hid, BRARS M BRKSEORMKELHE LT
I AR A RPN r

1944 F T B 3 (BRARIREE _THBorri=y
LAESEHEERIT S500~600 F /A, ZEERAELSRE
AR RIAR TR AR T 2000 + /B (B, R+ Y v
7HRH1500 v /B) THB,

(3) BB
a. {REARTIERERE 13
1939 “EtAH» S BMBAE L, T RRAEEIKERRS



288 F R E 2B B R 2013

B4, BROKEMREE2E WERERO"BRHo -
w2 Kk, SARIMIE 18 TH B, MEUKEMHEIE
Hydraulik #+ % 1500 + ~» (&HREZE6 "),
Schleomann #+84 3600 + ~ (10"), 2000 + >~ (77),
Southwork #841000 + v (5") Dt 4EHTH 3, i 3
EREMHcOERINLY, EHNETH -k,
Southwork 8l FicEMicRAV Sk, BEKER
%13 Hydraulik #8485H% 1000 b v 252 & T, BSE
ATh-tco FER= Y FLifiARTRIES N,
MEWEYasnviy, 82508 vET, ESDidl
BHYDIE 5 1o ARE L TRIVRITEO/NE Z D fth D1
&M, BHHE, vV BE, BEBERETH -1, A
MRS S hic, BMRIBEKERT/A\BEEC
Pbtk, ZBRBo-—NVEZBRBo-NVTHRELLR, K
5 LflBE N,

b. EHERASRLEHEETIS

1941 %, FEHE LT, HMEKTRRE%SE, &
ROKERM S X OBREKER L &, 7 o~5E%EMA
DOEEM D — v 3 K, SHim{m 175, 20 b v RU
300 b YEIERDBEKRS 1HE, Y -SBERSRESO
2o Fig. 1812 2000 + v DERRAHIETH 3,

WFROIHETH, Ery FOBERIES", 77,97,
10" T, sk TiEsh, EEECRERSEE
bR s, EANREGESAVS N, £ERR
AT (KB), BHETLWIhbEREL300 ~ /A
TdH-To

(4) TEstHRELfy
a. (HEAFFEHERE T

REEHMcERs LR, HEKEREER
Hydraulik # % 1500 + ~» (S HWEXR 6 "),
Schleomann #+%43600 ~ >~ (9", 10”), [@ 2000 + ~
(7")7T, Schleomann #%3600 b > (3248 & L TidE
K#&koboT, ERHA ESD ABEHOEEICHAWVS
o RBIDBAICIZ 10" E A /2o Schleomann
822000 b vidPRIEMOEEFER SN, RER
1.2, 15mm T& » 7225, 1.0mm OFAEiciE, 1.2mm
THHLAKRIC4" 0o —NVTEZELTlmm & Lk, &
B, 1940~1941 £t 5 » FIE#MP =~ F LV E1EE)
ERTCF——JEHMDEEELTWS,

b. BEEREGELMERERETLSE

R TR AR B IS REDK DS T BRE S i,
Zo®wEsh, 5H11E L -7, ESD 3 2000 + ~
EP oMb cEESh, R/AER 4dmm & L1
A, Eib6mm LU LEORETSH - foo MHHERE I SD 48
2 ~2.5m/min, ESD #¥1 ~1.5m/min T& » 72,

ESD & » bt L WaesERksh, Cuit2 %
11% @S> L, Mg, InBE22DL¥ELLALNSD A
% (Table10) V23fES N, MEEEH 3 m/min & SD
LW BENLODHTEL, ELDEHID N (& Nagoya
DN TH3, ALHH ESD ORIBWHENTH 50T,
LHEOBERZTESER LAECHE AT - /o

UrF QML EE ORI, Pl B0 &R
AL, MltEsRTEckFES 5 < &, HHMES
DFEL NABTH - 1o MHEHMOBIEF &R, 3515RD
BIE, MEFBE, 7LVRBE, Y125 LBREVBE

Fig.18 Horizontal hydraulic pressure
extrusion press for shapes
(from 100Years of Working
with Copper and Aliminum,
1897-1996, Sumitomo Light
Metal, 1997)

Table 1¢ Chemical compositions of ESD and NSD (mass%) !’

Zn Cu Mg Mn Cr Si Fe Al
Spec. *1) 7.0~9.0 0.8~17 1.2~1.8 0.3~1.0 0.1~0.4 <0.6 <0.6 >3
ESD 8 2 1.5 0.45 0.2 (<05) (<0.6) 878
NSD 85 11 1.6 0.45 0.2 (<0.45) (<0.6) 8815

*1) Specification for aircrafts 7222 (Chi 263)
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TH 5, [ERBIY LER, EFCFESLLD, A
BERTH - 1o FERRBKBLZHETENEN 700
Ny /RATH 1o BHETIE ESD OAEREH 500 b v/
BT®H -,

(5) sEEEIN
a. {hEARTEE TS, FERTIB

1940 4Etg, KE Eric #:%2 30000lbs =7 — /v = —,
lbvz7—nv=—, 1000 b Y3V INnve—F
L EASTA S N, I TIBI TR TS 2000 +
vERIKER, 1000 b v BEOKFERHES 1, Wi
55TV AT 150 b UREEDKIER 1 ESRE S
oo EXMYEFAYD A vANT 518180 b v K
700 b2 V2=FVRT, 25v245—=21F
2000 + YERUKERTRIE S Wi,

b SHERSEREHR

BEOKRBEL, KBS S vy 7LD, $iso—
N, 77y S OFER BRERTEE MUTHEO%
BEEACTIENTE 2, 4000 + YBREIKEH 2 &,
1000 b V#ERIKER (77+2 v 9) 14, Beche &Y
35000kg-m A v vy To—nv= 1, HBEo-11
HAFRE I NI, /NUSRERERAICIIEX VAR Y 2 —
FUR4HE, 1 b vREI VI T—veR 1 ERE,
% D% KME National #8 1500 b ¥ 2 5 v 27 7L R 2
i, EEDT0 ~ 3%, 200 b 2E s 57712
DEZRI NI,

3.10 ESD &7Jba7&& 7075
TERBEBEHEIHR, WRERTH - lX—1E
TRERBEBEROPT, ROLSICLVTWVS,
8%, 755 @ inventor iL&W/WEWSEAMT, Xk
BB EEEIIBICEN I EMd -1, AEE
TR TIREKRFILEON LD ETHoTe TAVA
BN -ZEBICESD oEREhTVWA T %MD
BS 22K o DB IRHEVT WA, E+EELs
758 DFEPHE L LTERICBHTVWE I L, ZOKY
DTHI 1] EDTETH B, KBREERIWLE
HoMkEar L, 758 2L L EEERMS TS
BEWIESTH 3,

KRB BEZIFERILAFESRB T HERIAI 75 BE

;EaEs (2000 £, p.l12) TROKHIKE-TWVW3,
[A+EERSEE%RDOSH 28, 72 ) HOBEFEHFO
SR E T3 THRFROAN KL - TE 1, ESD
DT LicoWTHBNS Y, BHEOFRERBICE > -
SHMITEZE LWV DOTIIEETRILLE VWS, ZL T,
BRI T CiRTA VA RERVRE VD, BEORER
ME—-o, TBJH-EOLDLEE - ENT-> TEHAVLL
CEDHBM, B, TOBRIEAL1~2M, & x
I3 3[EAT 2 ~3 ADRINTEMTHRTE I, BIF2E
BV ER I, RERBS DR > AL FICCOR
RBEHTHEBEICKESEES S LFELTVRY, KiEE
DOFAEBEDIC L > TV DITIZEARL F20 (FRTIZ T~
BATL TWAHIREZHBERFFRL 702 7T 600 A
TR>TWVREWVS | B,

1941 £ THRBEEZFHLABKICL 3 L S
DRMEKEOREEZ DD BEAEERH Al-Zn-
Mg-Cu REBETHAIFELAM -1 MESD L D d Zn#a
¢, Mg &TED, CrOBAREP 7T, BANFEM
S RIFHDOFMAD D TH - 12 5 L\, A% Alcan
(B> £ %, Alcoa DRLDEWAH?) HDAH 5 o SRy,
758 D] 132 bDWHPEMY, T Materials &
Methods &1 & > TH %= %019 875 Reynolds ®
R303 bEFEHEDO D TH 5D, 2L RAIFRHETH>TH
HEEDRKBVNRTH Y, SEIROEEOEL D KAk
HELTLWaDRMHRTH B, Fhdkizs o aliNick - T
BAZIN 2B L S T15S KWW TH RS AN TH
A5 &1,

Table11 iZ{X KD ESD & 7 a2 7H®D 7075 844D
A LEERT D, 73 THD 7075 3MHKRDO T &I
A5 5 ESD OKEFFOFHKEEHAICA S (Table8 ® H
AEFBBDOT &), Mn REETRAFHTHEENT
HBh, TOXK, Mn RMSARSE LTHRDATVWS,
CriciNo&a&nsEFL LT TTL 2D KEES
2240940 (HiFA 1940.9.28, 47 1941.5.6) <, %
DFFERARRD & 5 TH B, HFARFERDAKERFTFHL
AL TH 5,

1) Zn 4-6 %, Mg 0.75-2.5%, Cu 0.1-2%, Mn 0.1-
1% iz, 1< &b Ti 0.02-0.25%, B 0.005-0.1%, Zr
0.01-0.15%, Mo 0.02-0.25%, W 0.02-0.2%, Co 0.02-
0.2%, Cr 0.05-0.5%, V 0.02-0.2% % 1 &L LA

Table11 Comparison between ESD and 7075 alloys 1!

Zn9% Mg% Cu%% Mn2% Cr2%
Sumitomo ESD 6.0~9.0 1.2~1.8 1.5~2.5 0.3~1.0 0.1~0.4
Coating alloy for Sumitomo ESD 0.5~3.0 - <0.2 — 0.1~04
Alcoa 7075 5.1~6.1 2.1~2.9 1.2~2.0 0.1~0.20 0.15~0.40
Coating alloy for Alcoa 7075 0.75~1.25 0.10 <0.10 <0.10 -
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2) Zn 4-6%, Mg 0.75-2.5%, Cu 0.1-2 %, Mn 0.1-
1%, Cr 0.05-0.5%, Ti 0.02-0.25%,

3) Zn 4-6 %, Mg 0.75-2.5%, Cu 0.1-2%, Mn 0.1-
1%, Ti 0.02-0.25%

BIEMIBIF 1075 46&IcEHY T 5, EMBIEL TCr
2L ic8&idiah -1,

HBEIEE ekt T, [SHAEORLEFHMLLE
L#EEWas, 758 @ 5.5%Zn, ESD @ 8 %Zn (dFE42 DR
THIECERNICK 3 3558, RETELLTERAL
R A RS & L T513RE S 58kg/mm Ll L& IF
FSLidbDTH > 1ch, 758 © 5dkg/mm?TdHERL
AIEERZBVTHALS, T oM iciEiciEA%EK
HEIBEEDOBEEEL L, BETRAEIRIZIFILALEER
SNE ok, KETISLTPHEMCEDRITVWS &
B0, HEEEZMVIVWLDTH B, HXKETRE
0.3mm DIRGPFE TN TV B, FhkizZ% 05mm i
b7, HRRREFEOERIIHEM, Hic—BDOR
BHarH ],

ESD offipkid, RETOHETOHME N PIFLHT
OIS LAEEMTIHEE ICRIENS S, UEkoEkT
S CNEFEETELbDLELIEONS, KER
SEIEME-OEREM:, R & OEREREER LIcOh,
HHVRENERENZEZE LI /dd», Zn&% ESD
VKBRS LTWVWE, FLHROEZEICHOWVTDH,
KE»STAL FEEEMLOT, COEERMTBDTR
BEAOEMBIEN TV WHE B EEELV, HEHRE
DT, BEOZEEMD O OB L T RICISA
MOBROERD TN T B ZEBLEVIRIEB L B,
L L, TOERSBEFNIHRICELIMABbTEEh
RTHAD. TH3A[EOHROEL S,

(MERTERZLORBAAR TR OBERFELIE
SLIEADHIZHEH» A5 T hE, RicAHITROE L
ity &L BYEE LEBLFELEAHRIEL CBRNEES
EHITEU LWV, £, ESDEVWAELLAFLVD
DT}, D Sander &€, DO EALEXETOE
WEBRL, ESDREMBNCHBLTEEZAL
bDOTHBH, D EbHMBHEINEEED D
o AiEINOM EE, E+HE, JLEEROsIARBORE
NABTEEMELTESC) PV EHBREIEATVS,
ks 208, WROMZEHRASHET VI =y s68&H
#H3 ESD Ok &[] UA RICBAFREMSEA TV 3B,

1960~1980 AR, 73 7 DALZE M RIEAR O thils
FIgE| %2 R7- L /2 J. T. Staley (& 1989 ££, “History
of Wrought- Aluminum-Alloy Development” ®fiT,
Al-Zn-Mg-Cu &&ic>W\WT, 7oa 743 1940
7076 (Al-7.5Zn-1.6Mg-0.7Cu-0.6Mn) #*iEHAE&& &
LTBFEL, 20254% (Al-4.25Cu-0.8Si-0.75Mn) &
D THEBRECEFHENLTVWED TS o ~35DBic AL
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too 1938 F & TILS K TR TORNE A LN ORE
R TEHDT, X74S (Al-5.2Zn-2.1Mg-1.5Cu-
0.4Mn) ZEXRO—LRICAWVIA, COEERMITZT 4 —
W ERERT, BYHENIL TRV LEAB RSN
RIS T LKLt TOIW, SRERDHEE
MEXEOEZBERAN, 70s%0205 0358504
EDBIBNBRENICENT L bbbt BELADLE
L THENBEREANE SRIFE, SBR<CHMSH
TW5 7075-T6 %= 1943 FEFRAFE L fc L ibXTWVWB, ZD
%,
from a downed Japanese Zero fighter aircraft dis-

“Interestingly, chemical analysis of sheet

closed that the composition was almost the same as
that of 7075.” &LWVWTW3, ZOMEEIFT CITHiE
DT E h, 7075-T6 4R (& B-29 Super Fortness
BPEFVOERELOZF v HPR ) v H—#E L
THVWS N, TNa THOHHEM Zero Fighter i
DVTHERLADEINHBHMDTTREVMLIEESH
5 58)0

1930 FELLE, ISABRE NI DWW THEELET, 7
a7 O RIER chORI&E|Z R/ LE. H. Dix &

“Alcoa 758, after many years of research, was put

into commercial production for alclad sheet and ex-
trusions in 1943 and later for nonclad sheet, wire, rod
and bar, and forgings.” %) &BXTW3

[ U<, KEHEF 2240940 OFFETH H D 7075 O
BARIBEZR LT L3 7D J. A Nock, Jr.ld, M. B.
W. Graham 5DOFL “R & D for Industry, A Century
of Technical Innovation at Alcoa” " TRD & 5 ic#
NN TWVWB, “Ultimately, Joseph Nock, working
with small DC ingots cast on the premises at Alcoa
Research Laboratories, solved the problem empiri-
cally, demonstrating that small amounts of chro-
mium added to Al-Zn-Mg-Cu composition yielded
resistance to SCC that had long been sought.” o« %
® Nock &, “This alloy is the culmination of a num-
ber of years' intensive work.” ¥ Lih~N, ThizZFD
%D 1949 £ ASM OBITAT D “Years of extensive
laboratory investigation, including painstaking stud-
ies of susceptibility to stress corrosion cracking, fi-
nally terminated in the selection of the alloy
composition designated 75S." ¥R ~XTWT, 758 @
A5 E D 1 D IZES 1o b D ERORRR L BRNT WV B,

TaT7T OYBIEELTPAD ) -5 - sk H. Y.
Hunsicker d £ 72V T, “Continuing alloy develop-
ment efforts led to the discovery that the addition of
a small amount of chromium greatly reduced the sen-
sitivity to stress corrosion.” % LiBXTW 3,

CokSic, BRO7 VI 7OMBBEENSBEOD
ESD i WTHA TN T T o fotcddh, 2008 4
KAvDT7—~vThEEShIz7L =y A5 EEHES
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2 ICAALl ORYOERRIE, o7 —I=7KFODE.
A. Starke, Jr #(3& ® “Precipitation Hardening :
From Alfred Wilm to the Present” Di§{E T, Al-Zn-
Mg-Cu ORFEOERMESNIM, HORLIZ/ vy —
F4 v ORI LS ESDABA- TN T &L,
RRTERFBHIZO/NE OED THAED ORI BINE
B¥W, AFIcEHR S NicARkodicid “The early al-
loys were susceptible to stress-corrosion cracking but
later examination of small addition, of first Mn and
then Cr, proved that alloys containing 0.2 to 0.35% Cr
had high resistance to stress-corrosion. In 1940
Sumitomo developed an Al-Zn-Mg alloy for the Mi-
tsubishi A6M2 (Zero) airframe. The chemical compo-
sition of the Sumitomo alloy was very similar to the
Al-Zn-Mg alloy 7075 developed by Alcoa and intro-
duced in 1943.” W LN TV BRI HHE ST, TI T
ERDREBFOSS 14+ Y 74 Ik 2V TREHEMOLTH
IA4 AN

CHIFESDIic>WVWT, 4 BAAICLS PR AMED
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17 ICAA12 T, Fig.19ic/Rd & 5 ESD OfAF
DEFELEFHBYHORRE T OMBIARZRERZHER
$—TPR L, ZLCERITRERBHROETME “In-
novative Development of Aluminium Research and
Technologies in Japan” % ®/NgD#E “Alloy De-
velopment for Transportation in Sumitomo Light
Metal” ®’ o, ESDRAREOLERZHRD T L S
=Y AMEREZBCE P > T L ¥V L,

FFL VI DI, KERUHRICEL &5 SHFE L

TVWEDOTHRMCELERIOET AL s —rx
N—ODFEPELTHEMBTEZ, LLLABSEDLS
HHRELTT a7 HT075 2EFELLOLAERSH
1eF— 93 BEAERTVDONERETH S, IR, FHFET
® ESD OIS TH 305,

3.11 EERHEFEHRICLZI HDEE£ENDEE

HD 44& & ND &£\ Tit, BBREEHELER
fRic TRHEE L8] (834, 35E], % 38ME], 1951 4F)
ELTHLLEZEVWTWVLBEDT, FhEBNT B,

1941 £ 11 BTH), ABHEKEMEAR L EMBEEHEE L
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fETBAM NI, BINEBL L L THRNIRGEIETS
WRSsEE s, FSEIHEERE LT, KEM
»OoRILAKBE—FIEE, BREAEDNIBERER,
REARFONBUHRE, REERIFRERE HRETL
MAREAO=HTH - fco BEENSEELLLDBEDLS
BGHBE P22 EDETHB, E—ROLEIE
1942 4 B, MZEBoRZpMs i, BERNERICX
niE THEFHEED B &I, ES5TFTBhEE-
THCED D s 1 5, HAEAVEVTBY 2503
VORRIRIE B XS UEEEE-TREIDLEREL T,
MIIRALERAINARII I LS LWL, Ll
FEOMBRRIS T LOBELREZALY, DL THE
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Fig.19 Presentation of two typical inventions before World War II, Extra Super Duralumin (left)
and Alumite technology at RIKEN in ICAA12 (12th International Conference of Aluminium

Alloys) held at Yokohama in 2010.
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EDSHRBPIRETL 7o TTROOBEEED=1HR
ELTZNERNT 5T L » Sl

FREE» 5 Zn 6%, Mg 2%, Mn 0.8%, Cr
0.25% =B &L LTSN iRiZ513RES 45kg/mm?,
MU 18% 2/RL, BYas: vORKE GlRREs
43kg/mm3Ll L, {HTUF14% LIE) %G Lichs, BEsd
MEBEEL L L R M HcEE»SH -1 DT, [
5 ZOWERIATITET - TH LW HEICEM» S T &
WL &I MEEZLD, IANKEZEDIDTH 2,5,
SEM & HIBHEM EE-THTREVWS T &L - T,
ZOREETBHLic L, HABITOD Al-6 %Zn- 2
%Mg-0.75%Mn-0.35%Cr 1P # O RIEE RIFEFICR
17T, 315RME 13 50~54kg/mm?, BT IE 12~15%,
BYas503y v SDORKBEEZTSIERLTWVWEL C
OF, MBHENEST, ZOEEZEGIcLTOEXL
HWTEE T ThIFTFHLE»>Ic—DDRERT
Hotoo Mk, MHEEHMORESRERRED—> D
B &1L TV, R ERET 5 C & B TH -
feds, HLAEEEOBVMENSG -1, £h
12 RLERE AT C LIt A RTHB ] » 5, BT
NERRTH -1, MGl T, MERSETH
EBEL, 8Y2503 VO EREOEENESL NI,
COBERHD EWH T L IREMNEELSOIRETE
tE ot THRASHEIHNEERTH-1BERFETH
DA =Yy WER-TDIDTH3, TH5LTHD
(Honda's Duralumin) & WS &<dtE: i, (L%
433 Zn 5 ~5.8%, Mg 1.5~2.5%, Mn 0.3~0.8%, Cr
0.1~0.4%, Cu 0.8%LLF, Fe 0.6% LI'F, Si 0.5% KL
T, AIBETH 3, COAEE, BT 2H, Bk =
TAEE LTHFHECREL LICERASTARZCRE
TEILLENS,

KEEES KLY IWESKONT, Tri=va
FHIEMH AR LT, MEEORERE L2 D1 H» DR H
(BEW) 2ERTEIEMNELUD, Fe, Si, Zn 8 &ED
AHPOBADGEL TET, MERICAAIROREDR
WY 2503 v SDOAEENHEICE-TE, £C
T, LEORMMOFEITWERELY, SD Ity 3
BROMEE2E T 3R ORRESELSNhEE R THE
L#8%2» ND T&%, ND i Nippon Duralumin &
WHBBRTHB, TODORSIE, Cu 4.0~4.8%, Mg
0.6~1.2%, Mn0.6~1.0%, Fe 0.8% LI'F, Si 0.3~1.0
%, Zn 1.0% LAT T, BEAEERBEANREERED)
THIEES ddkg/mm?Ll L, W7 32kg/mm2LllL, fh
U'10% LlETh b, BBNERIE, SR T7ra
TTUS ELTHCERESNATVADDESLEZ -
LOIBETS, WS/ 3 vy aEililbDictio
7oo ND EFFLAMRIIRAEE LTRIEBEBHVE
B oEONIODTH-T, EHELEMBEREAN
W] 55, NDOWEM»S M5 14%EHM08% b&EhTW
T ORBEANENM ORI EAS SD D LS IKETT 5
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CEbi, FhgdEyEHLELAVWEBRIEABHDOE
FE-oTVT), EMOUELEHEL T kDT,
MEKLSHETII I » o o EBXT WV B,

3.12 HHESD IGHHTRRTE-ON?

E+EELER, 8% ESDRARUEEIRDER - T,
RO & D IKBNT WS 2,

(MR ATGHEHENZ LERBLABRELLEEE
THWEROATERATE S A LT, TEZODH
72N VidRIC> % SD, SDC b TEALER TP
PHEB-TWVWE L LEELETR) DONEPHTER
SN, B—RABYUBEREICIESEL VI DHH
%, HOBMZIC Sander B ETZHIDMH 3, BT
SHELVAESTREVAERINSS 20 THEV DI
155 M, FEREIIBBTH Load s iF S WEF
Bk bDTH B, LIFVo>THHMIEFSIBEWVWL,
LEEEBIELRBEVODICTELICLEI TREL
HEEEL L,

NBEPOHOARWCE>TRELI EEZHIDTRHE
HENOERE LWDZEE>TEDL TR BFERZE >,
bHEoLwt, e OKEDOR, gikod, RZEHR,
LTS L TR, ZOHED SIhOEOREIAEINIEK
DI LB ERNAOREBMMSER L LRERE LT &
Mhhot, FCTRS DI 515 & (ZIMELFEIEH
SEY TR VICBES LTRA 5, £ bEEEA
WESFFUBROLTREAMSTLIICH > TITT do
Zhicl32micirdd s Mn 28 L T 1.2% ic b>TFT
JIE LRI LY BRI K 5, s KIEETR
T Mn{bLEYMBKECFEELTYICLON, £I T
Mn 2B U TCTCrTHOI T LicLi, £ LTZD limit
M ESD ® Mn, Cr ORSICIEDtc, DRI RED
B TROMLLBVWAZE o, REEEZLVWEDS
i 80kg/mmiiEEIRHE 3, < TESD sk tE-o#
MEARBZALVWHDOT “SSRICEHEZINIEZE W
FLEREI N bDTHZ, BLADORBILOTHIEF 2
SHIVTOHHEREINES IS E 3 EMEREDTH
STHERIHCEI N L WIREE VWIS T L REELV, E
AEEXZBVWEEZZLHCERLEV, KEFH LI
EADRELRELHLEOIRBVTH B, TN HIRE
ZADNCELEE LD LISV, ZLTHLE
DEVWVCNEEXEHOSD N NB] &,

BAE T S BREIEEE R 1 uE BB & EH R
it L OWERITIRRD LI ICRDL S ITE-TWB,

[SEREAFEL2LERT, EDL5Ehshz
WEIFBEicli, £#2T, WALWAHELT, —F
NPT VLD EME -, BBELSHHIINELIY Bd
5> 2FEEFEDOMICE S L, HHFTS5~105THNBD
BTEl, TMRIERHATECS, TIHE->TEN
B30T, B, TNWAVIKDUITHROETHLLb > EH
NPT BEBot, ETANIVENBIZST OIS
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ZhisV, ABOZEZBVHILEEH LD THSH,, T
NTHSHTH S, AL SENZIFTHLLEBVRAALTH
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ZITHNOERERANTALB L, EKPTHE NS
DT, FORFEAXBLDIC, BER EF VWAHWLS
P o THID, —FHXET 30 RKES. RicHA~RE
HoRWLWolt, BThBEY, EhahiniTeT
TH, FITEHZERTHEN, ¥iEL S 4~50TEN
200 1871:-Td, 2BL->TdENLEV, TN THh
Moty DEDIKESHHS NG, fiTL TN
BWDRbH->TWE, FTTH, TAAHNIKDTBE
2EMBEEOTENEL LS, T TRENR-TL 3
I TN,

R, HRNRLELRETL2EEXMWSE 5, 2N
TEHLTES )i 3t imE2mic/Es, £
T5L2HOMH 5 LERSHROMEY HOLHRABZE S,
THTHEENE VY, R I VEZDIT, @ELHLL
Eh5, EROMEBELHIC, RITHROLMEKBICK
5, IERIITNTHRY, KRiZEAI=E%, @EF% EE
BIhITCTE S, TNhOER, 72U IFRIEY—v
ERhiFLw,] &

EIHkiIc, THEFEFETENMARRE TH > LFHL
ERtE 113 ESD MR TE L EREZRDARICE EHT
w3 GG)O

1) EFMle=—=x

1935 X513, BEEEETTHD, FEK W BALE
), HICBEBTEEWRORR T D B E &
LTOEN7NE =y ai&omERLE N TEEDE
KIBVIETH - 725 5IIEEE 60kg/mm 2K DHF /IR
BEDORRVSBEMELTL L EEKRKshi, &

(2) M7 5 FME
BAREANOBROBE LIS, ) 270DV
Al-Cu-Mg RAL%:ENE 31T, WEMICIE Al-Zn-Mg
FAECBIALLB L LER, BHBRARINBIECEK
TEALEA L LIFBRNREE L, 7Ly 2880
IEHERNBFHENLESRSNATOENTHE T LI
HHL, CLALEMCBRI &S L TEINERIEL
EH &L, HERORBIBIENLTH 5,

(3) MITEILEERMR
EBRWRELT, DAL, SAL, EAE&%EETEL,
TNZTNORSLELBE < » 7ORFR» SNELEE
AERL e L s, MNC2BRITES e T2ERAS

& A WERINTHEOBRSNETH > T &,

(4) HRFEMEEER
ISAHBBRENBIEIC>WT LBMAS, BE B, &
SRUHMEICE L RFENLEEREGMBICEEL,
Mn ¥ £ U Cr OB HRNHBEY TS 5 & DEREBT,
BERBFEREL 1
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AEtEigti, THRECTHRL b0, TIHTHE
HWEBLZW, BT T 3 L VI RETHICHE N,
BAL, ThTOD, ThTHhEFUHEIT NS
D, TOBROFUHNIEMCEE b oIS
EELEbBNTW,

6) EnithhE

ESD R THBEEHEMEOW AL LTk, TERRL
LTRBOCBIELE P 2 TH A, MIEOEERN
&, HEFEONLABROMSNEHACES LA
BEh-tcE AHEELEREL TV,

BAghoxdEicL Tk MFzoREl wWH T &
THHEIB@A SN, BL L THETRNHRR
ROEHPEIELRELYF 1 €1 T 1 DAL SRD
£ IKIBXTWVWE ),

[B+EELE» 5, BAMRICE LM LT, &
BLTRETLLE L THREMENCBRET S L0F
EWEGibhi, “b0i L R, BE (FEHR) 1k
MooFk bk, bLHEbMNOF T NELLIEZEN
TV, tieh, bDEILRE” 1 & IBHBER
glhic L Tk MEFEEMES TIENB RZhoB &8
BTrL, FRARSHNLTY S, BHBRZNICHTE
MMBEEE L TWEZ LIZAATH B, T2 T, HHAER
FNEMEMCBELLS > WO B H -1, Thd
DALDRABRA DISHERENAREEMLER, &
AR ERBABRINSFLCHE FD) shTw
B5EEMb 1. TORMITEMNCr TH Y, Cr i
DR E AL L, TR o BiEEE R R ERID S
HAE—ITHERIAZZ TV ] TEE2RWVWHELTESD
OFEBIB I, THbb, ASHEEEHSEEELE
RURZE-EL VY FoEF 4 EESI+HET I —Ic &
DERINICDBDTH BT & IFEES KHIA TN L~
TW3,

NERE, BERLHEBLESV LI EREVWDT,
WIR P E+RAELTERAPL Z ORI H 3 W IdTRMG 2=
FoNFLBLELNIABTPEED LD WVEZ L
HSWDT, ThaeBIcHMd s Loy, FHEL
PEBREIARNT VS &5 KHRERAOEEGORRE
bHEM, PROFXERZ ZREEHRICHT 584t
DEZABEET, ST LFRFORL L »BEL
PHBEHER > TRFHMBIATVE LS BN 3, /N
BROICEEDTHB,

(1) HFrFBARBREABAE

BELOAKEHD 24S & H bEWaleREE (60kg/mm?)
HL, IBHBERZINZEELEOHRIORREOER, &
FENTATIBELLERTH Y, BEERDOLDITA
bbEbFTnTEl,
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B LRI RMIEIC IR RTH 5,

(3) WA HMOBES

1910 ERHP SO XEMHI - TWVWB T &, UMhSHE
HotEHHEVw> byt v F LTk EBbH S,
HAPL LRV TODEEITVWLILBEETH S,
INEEDS AL L bR, EEO£EF L Journal of the
Institute of Metals (& b & & KA ERBF L,
S 5T Nature + 1930 EROBFHEEKOADOE
B ERDHBIR & T W7z Zeitschrift fiir Physik 45 C
OHEFMcHi~-TVWBET L icKxZEAL (ThHDX
FRO—EFIE 1996 FEEEMESEICTFR I ). B
PREZEHEET, BAETORBZRFELTVT, 0
HEC Y- THETNEBERHBT I LB BEDX
RPEEEBEHEANS T & h5tiski,

(4) AR ORERIL, Harb, ERL
WELLATEZREL L LTiFE LTRTRAL, &
BiG UL TREbT s T L, FLELETRELENL
SO bF I B L, BEMATRIERLL TR E
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Fig.20 Technical reports (1935~1938) stored now
in R&D center of Sumitomo Light Metal

(6) IREEEHDOH KD FHEHR
EtEEERbE LD, UBEOHAF RISV S EH
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B, EEEME L OEHFAFRNSEET, BE,SEE
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HEtLRAE+EEE» S, HEAHFR, LS i
HoTWaY, FOREICHF3IREAZEDITEHIZ
R, TOTELBL T YR, ALRIFRELEE R
SEAEBDONELI, § VR 5y FOIITLID
5, At+EE, T+ &, HEFRBENLEL, Lbh
FlThal tHMEE L, AMNEREBSA &L
BE) 5 [ROohicl LERERETLT, bOIK
T500, BFPOFEMTT., FLVLFEFEAP-TWV3S
&, hET2b0TT] LEEE LD,
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EPATEBLR, AR8HRLIETFASR (KL R
ABEF) IEL, BAEPF (OMLTH3BH£5L) ()
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2 (fob2) RIRIKEARFEIRLFESFEME L THA%E
ah, 1960 FtAICIE TRERB] K bBRLEZTH
XERE STV, 203 EMRENi, Fig. 21
13 1928 ZEWH, FLMAFAEORITHRESNAAE A
FOEHETH 5, sHMIIXM 69 8B &,

REARFICAZHIC L BaFMmiEReZr %, AR
i « BEDETHEL L H, BUTEBAFBELME
FRUCAFEEI N B, 1EHM=E D THERYEERNC
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HEZE L G)H L8k IR— AR EFE IR E RN
AFELTWS, AtEgtoskid: TRKEAOEE] 1,
ARG GET 2LV F) v TDAS L4+ R
DEZFPILED MGEOEE | & bEETRLEAM
HoHEHIcBbNhE, FRESBEHROEIFE TRRD
XHicEshTWS,

[T XTOHDIFHEEE & BITKECTHENTLEL W,
ARl ZzofhicEiE>< b, ANY %2175, &i2H
FENTIS ELTRTROBHVE Lz, —ABIDR
EBBONE, STVRARBRARTH S, ThdrE-o
DI TH B, AV MTENIER, FTETTELTH
o BFELERIE LS M, IR, ~ELHED,
DB H, KEHENATFHRNREEINLE SN,

HOPIIEREILEETEDL Y D2 H B, ZDE{LEE-
TWTRWOETHh > THBWO MW, 15FDOEBRE
B, ChHPRKEUETHB, TORICVWAALENEE
nNTWVW3, P EV, ZONSVEEPHTAKELFE

J ¥

Fig.21 Photograph of Igarashi Family taken before
the main temple of Higashi-Koumyoji at

about 1928. The back row ; Dr. L
Igarashi(the second person from the left)
and his two younger brothers and sister.
The front row ; his father (the center) and
mother (the second from the left), his for-
mer wife (the right end) and his son and
three daughters*®.
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Fig. 22 Introduction to Aluminum
Technology written by Dr.
Igarashi™
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AHREEERAN O, KL, 550 idtNOHIR
ERERBLETHERSINT, BAlxesh, 0%
ARG, ¥EBEh3, LicsoT sl sHE
e - TESKEZ L TWAEEZTHHRVLPFEEXLBD
Ty tEESohich, FLALOXABEMSREICED
HOWEXITRATHAESADOLDEFBAES BTV LM,
SPCHESE b SN, K&, RCEZETOH
R REED, WERKDOBLEE ~THEONE0DIE
BADRFR L WS ». EEXBASHROEEZEF
KELZERIHTET B3It ES T 50, BEFERFORA
BAMED bEOMBBETIH L THORBETH 3, S5
—52EDE LBEDOLODHAL, tEIATEONS
EH1,1™

F e EHREEL & EH ST ox%RS T,

1) RETCOWADOBHY Hico\WT

[EME IE—Icz of¥E, FRESEL SERESRE
DEMEFEBLIEL TRVAA, FREHLE, 720
SHTEBFE eV -T, FZFIHIEEV-TYL
THEH, HBICEMEILET (bH, THHh] LEHOD
hEFED LK) TRIE, ERO#HELSZTATL
WS, IR ETHENRY, K oE T 2ODEDOHIN
ABTE, TNMBE—TT, Ric, Ll Ltb4~5
FEP-T, TThginiceE» otinik s,
MES e, TOEMBHFICHBELTREISZWA
ARBIREZ L oM DIBEBT 2L T, TNLTHBHTH
WBEBENfEVWRE, TITY- EEREDOIALE
FNEDITTH, TTETETHEHT, S-=HBEL
e &S NBREOHFIWASEFNTE LI, ThELo
EHIRGALTOAA HLEVWHITTBOBREMATEE 4,

- -
(S

2) HBHFFICo>VWTIE,
[BREFEBLTP>TWEIbitbMmoilVnET A8
HENTL 3, ThEBPTILDICEBHESSLEL
Wo>TK B, EDOERHEE V> THHFICE LBE
DHBbDTT, #LT, 5 LAEBHEEMES
3Z,ILE-T, BOBTLHEWERMNTTL 3, Thds
AYUDEIETHY, LOTAF47, FLLOEHROE
EFNTLBWIATT,
SETTELODELFI[ES &b, TFE—LITT
2EpVHCLichlBIshBEEEA BEEYDFEIL
ERBTEITEHEL ET, ES5LTE, £HLTTH
WAL, LHEMNCEAATOLEL TREKBTY, T
Z3H, TERWILDLLLRHRWINE, LIThI{MES
BB, FIOOEFHLOLVODOMNEEFNEDTY L]
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3) A9 hicowT
[ZhiBARE->TilED, MEASK WOESL
ThH, EEOEBDOL S I, HENLELLEREEL &
WH DI, —ETERVWWL, BElcsoh - & 135%EB
TTh, BHERIWESEZ L ZMOM W, T2 )HK
OERBR O EAEAETN T TN, Soh-c8ER
B&mr@<ﬁﬁ@ﬁ@btﬂ%&%atAmEinu
o TREIVISIKEFTT MLV &, HFTA
mo(ﬂ6éu T EMEEVWEAT, FENEEET
THEE)] T20BD L AIFFEFICHLWTT 1,
—fRiclE, S0&HE T2 ) HARXOWEREEZEZIT, £
CTHCAEDLBEVWH T EHSVWITETH, LHL,
ZOAMBEDM o 1BERYIDAL T EMBTEEZ DL END
&, FFEhE2BUABEE-TVWE LRI 57—=
BRI LD, FOF—<BHMNBEM LD, BRFD
F—=MBEIohkAR, BEEDO LS IRENLWVWS T
LTHH, ZCTr—<2HTA, Thi3HENETT.]
TAYAREVIDIE, BLY 2503 vORETRE
KT T~8ATCLTWEHREZBEFEHRET LI T
TIR600 AT > TWhEWVWS T LEEBHRLTORED
EBbhs,

AR%N 28 EX o RAT KR HEILAFE LB ITERIEIT
75 BEsSesE (20004, p.124) T, At+EELTOBRW
HAERDL HITE->TWVWS, [HE, FEIAUBAK! I
TWAWAEBIRELEWVWIE, BRRH 2 5555,
AT, DB LEBEVEBREDHEWVWIE, T
Rotkd, THULKLELFEZLFVWDE] Thbs,
RERHERRNBOEED SDIIRIE -1 F5TH DY,
ZDEDEDFESLFEFYUA DA LAELE VLK VWED
CETHB, WhHhitbATEEES LWETH 31 5
ot dld, BacYas5I vOKEBRHIZ—E HH

PRI M1 TETHB, BEELTD, < bAHs
AEE T F + 7 F + SEUMNS, LEZE->TWREE
Jab Lhiswas, il s, BIgEREW T EMEn, ]
L&, AtRAEHEIARERELS T -k L REEPTLEF
REHGIE, BrP 250 vERTRE] Pt
A TVW3B,

B#IC MR THTEIMEST 5 &, WETIIHFHEE
=R T LTS, BEEIERTRAEY, EROE
RUEETH 5| (FHEZK ATHHEEL~0BHFX
D) LETEVWT-TW3,

FERERBIEME LTR-> TESNEEBIIOVT,
Wi, PHRFBEEFRFILVWEEEERIIKRDOL I I
EoTW5,

BERERNZETHRARSELEASICRTEohTC e
LRBHM, HrBbLr-EEKTNEDTE, 5FETH
EBENELETEDRWELILEWLYTLHEDME
BV, BIATEEDRNCIL 70 [BL{DLE—
2HETWEY, EOoRELHS—FODAV] FEhrEH
HAVWOh K ELKILE T EEEFGS, TRH] &7
3E -5, RiT [FEOFESFE RS F HEAL TV,
BEENETE 5, il (BEBERONATHIRER
WREDT &5 ?) OANBEE» - 1]

Hromo TBERIFERICHL TONBRT, bod
HHEL W LBELZLET, ThREB> TR
Ph] EEVh - DK ERS, HEEOFEIHEE
DEITHH-1™,

TRItE, BRWERE Th - fokAATEIR, Ll
LORF-BEEBENE - 125h D, W 20BATHTE
ES% (Tablel2) HB3HDZE@HLTWVWSEM),

Table 12 Sayings of Dr. Igarashi collected by Dr. Nagata 74
F+HEESR

1. BHOEE, A, ERSO—EEKETEENE— 4 ~5Fi3dh 5, FHOMREN T TREB,
At first, it is necessary to master company's history, persons, technology and soon entirely. I't takes 4~5 years
to master them. It is insufficient to learn only school's lectures.

2, HRALVERIOCHCEATIZEIESRET 3, RENBRAZARAMIILEI T S »TRREA S,
Industries develop by the progress of theory and experimental technology every day. It is not correct to consider

immature theory is absolute.

3. BEHKRPBAX | BNHThEBEETOEVWTE, BohBEREFBLATESREW L EDHHBLH D, R

Bhsy 5,

Fact is important! It isnot to say various quibbles. Progression and development are generated when a new fact

inconsistent with expected results is found.

4, BERGEHE U EE, EHLTE, EH5LTIHUIDOMNEEROVEL, MENICE-RAATHANE C TIREBX,
When questions arise, it is necessary to consider repeatedly why they occur and investigate them thoroughly.

5. 7 — < HSKIHINS, WhsT — < ERD BDb,

Theme is important. But it is problem who decides the theme.
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Pt, kmERsEINIZbOHS, AHEBLOA
ERDBhLHBLEIA%EF|IFHLTEI, ESDICEKIT3
s 0 LADRRBIMBATHBH, BPINETFMT 55
DOHERDB LI NIRRITELL 2LV EHTH
RTHbB, HERIMRELKBESTIILTTES,
L LS RESFETATHSILVLHSEEREIHS
KBDTHAHI Mo THRBLVHEFTEEOT LV =
U ABERPT IS VY AGEDBROETH VO SEE
LTELEBRTRE»EIDERS, BTtk -T
BROETHHBEAELT S, Th TOHRB L L EIIRK
BICY 5y FAHBEEZTVEDOTREV,AELBAN
WWiRER3, 75y FHicowWT K KL THFAHR
KHIB/IML TVDED S, HEEWRTEEZRE TSI
(28] S DIE(S & BEHSMETHS S, ESD OFMBIL
BANGTEEIL LA LDV, BRELTZEEAD
FERENTLES, BLVEVOFTHEZ bOTIRE
Vo EBAILB I 2BALSHARBOMRELCERL T
Wiztz, BA—ADFR/IC LK EVWEDBWAH D,
HiREBL Y25V VORERICOVWTHEH B EEE-
TVWHEVWOTREWMALEEZLZZ, TLABFTVARE, L
DEFITR Lo & S B HD 0K, 58 5Nz it
FICE > T3,

BRI BIEA (EATER) TELXBEDHETEE%
Shi-A+EETDARE» S, AEDAEE KA FE
51M¥ %, Fig. 23 icz0—f%Rd (A+HEE &£
™),

BRe | (357 BRAD TEOK

WIBTEIE FESIC KEiITUY

FbhxlT HO X539 ~xh) 3fFhTh ERxx
i BLEZ

AROERE>WT Ibdah JcFEFTRAL Ric
Whic

BT oA TbbiRT

Kaxfh FhTkldblo XHicfEiE o8

Fig.23 Poetries in the diary from chronological
record of Dr. Igarashi™’
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e
(#eZE) L EbiIfaMbhd MLlabH LB
ABlo»rizLa Tt

4, BROEBREZINI-=OASESORR
4.1 BZoikix

L EbIT N I=y 2ARIGRETEETH > 10k
Y, BEEICL > THERZILEES S h, RERHE S
)IBkt, GREZLEOEECIEAL T4 EEEER
»AHFEICBVRAE N, —F, INLAeZEGERPING
SN TVWEFERAROEESTELLL, BRERS—s%
W oo MIAEDE  BRZEEERELIT VI =Y
LEEBERELLT, B-22EFLHE LARERS
WOEEZBELKk, LHL, Ths50oRBIETHEKED
BWIL50 vREEBERMELALHERTH- 12
7o, iz ARIBYIREBRLSTVEVSIE S
Mfx5%2, T0ZOMBARCAKZLELZHEE5Z

}-76 )o

WRERE Y5 ORI, BRRICLRESH
57, HIBRAONRSIE, 1945 F (FBF0 20 46),
BRI X0FEEIbo K- A LB - ARk L 1o, B,
SEBRTOREZ 2B TREBITEE Lic, BE, 31
TR [R7F « BRTH] T, BEEXRMIPILE
Ky, BRSO R ERCHERT3DIEILEAA
DT L, E5iT, REANMETZ 0D, EEHAEDOT
CHEFAR A% L, EARHER bR > 2BE LT3
fedh, TRETHE] THILTWS, COEZERSHE
1tRREXHFOAE (Fig.24) i3, Fig. 25 C/RT &
K78y~ TERES N 0.8mm B2 DR
AYas5mIviRe b s vIRBBE =B L TERAS LT
Wi, T DIRDAKSSDHTE IR Al-4.2%Cu-0.43%Mg-
0.79%Si-0.74%Fe-0.80Zn & &+ W &35 & OARFLMHIIFE
HIRBVWT EHbD B, OV a5t viRIZESIC
BEIhicdOT, KR HE3E2759 7%38<H
WTWZEEEMFZbDTHS,

HEEZOKRE, EtEELRcILEEL TV
3 79)O

(BB 2EGRELI>ILLTBIZDH VI
EYRRPTICRIEY, BEEHEELBIBERED,
BRBREDS, TXTHA—B»LEBRNIBOREE
Dk, ChEIILBRLBHEARTH 5,

FBEEIFEASNEGRIRRO DT - o LT WA,
HoR Ly idtha 208, ErkhREE cliseohk
BERE, bbb LTEROODEE T 59K
RIEEVTHEBVTHEALEBLRERBICI OO0 B,
ORI woltottotiz, -ydHsb0E, e
RERB1ZLETORWALE, FTAROLIZBRE&RBOFI A
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Fig.24 Exterior and interior of the dome in Tokyo Station before restoration

Fig. 25

MPOoBELLEEOTH, BETIEHEE ),

BB b LW Tho e, BREBEEMICES LS
EX LB, BERAFTIHICL->TEA
THREESNORE CREII~D) DEBED—B) Ki-
TR, BRMSHE > THEKTHofo SDC LA v
HEPPIL, RKTRIOFEGRIDPSFa50I VDG
MEIIE > TEBLD, Fa530 3 vOEEREIZEV,
ARLENBLTRAEIERFEROE,L S LAV, i
VD EDEVWETTRTIIEDOHIICS 2 bDE[MICTHHE
B3, MREBETEISBEV, bokLBWVEHEN
&0 EDNAROBTH S, L TREEERMSHHA,
HEOUBRARTHRIN>0H 5,

[F2503vDPBFasn3vSDIE, @&
OBEVHERAMEIE LTHLThEBOL S ICEEHEL
MRl TH 5, FABCHEATIHEICLAENILE
WERSENE— LB, R BRITH SN, HESHREE
RS RIASBEA BB PHEARRICH > TR S 1372 5 0,
DL LS EESIALD—2REIHLVEE RN
{Th, RELBBZ~LYNCHE->TITL, RLZNIFR
PENHLEOETHZ, BEEDHTRPHEILOC 53
ERSHFICABE, ZHHBIRIIEFVSH, ALThd
&R LTb Ll chbigl sENNETZ, HhbL
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Photographs of the ceiling

REELE LD TH B, INIBHENTEIALYL, ¥
KHEDEINThiFEESSTICHNE, DLESVREY
(FLLTH) L TH, BAETHS (BicHL
TRABZFLHRMTNIHESICE3),
REBECOE-HBYVABROBLE LTHRATESHHR
i, CASEHRSHEIRCELTHEWEDOL Yy RFofhic
LFRAATIT  IKEE > TRB3, filbhdEWTOL >
TR2, IREETIREV, H-TEHFEXLTE,
BIEEAEIESINIBREBRIAICE O LHBEREV,
HEAR & RBEERONREFHK - o SHRORERBIIME
15, BAaRORFEE T+ ZMcRIEE LvERIFhIE,
FLOBREBREANEAHIFERIEZIETHHEE W,

—%, ENERE (RSBEBTEL CEROEL~
| CELTUTOL I KLXTBLTVWE ),
TAZERELELIK 12 FiciE 155 2 0MBSEIRES
BHNCHES B e Z L WSRERIFEE LK ERR L /-
BHEHBELRL, SEHERETER-TLE -1,
ZThicEHE TR L CRETIEA v 7 LIKiBSd o0
HIRFEEHRICESLTVWE, L R ORBOFHD
HETEERT 12050, EROBRZEE N SEND 5 M,
ZRBESUBETR LV, BICMERILEDL2MANDOEIL
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1, BEBMBOoTEompRice OEREkiRE, 20
BELOBALE UL Ai4EELQ LT, MGl
LEMRIZERDSZLTVAICAE R WEKTH 5,

Riicisy, M ESOBHE LRI EORRMEE »
TSREESHFEICR AP S Ic s, BOAKOMPL 1o
195 TH3, LrLESHOBREOBEN WL
SNV, RS BHUEESHSER S BILEWVITERT,
YHRRTAFELTICOIERERITONDTHINS
EESHIRENO LK DTHSS,

LaHLEBLTRABAETOILESBNhEWSS, B
BOFHERLERWVWCEMBE—THY, 50K
I L THEER TS #8 LA, EADEERLE
ANTEHIPRIFE S,

BEBTEOEL~NEZHEL LT, ROFEEHLTL
305, FAEZIBENDPLIZEVWZ &L,

MhzEs b0 BREBL: Fhicizs Lonith Lo
ERTH B, &, BHH, t59 0, A —bLLEEIR
kB2 GFIRAORZFAVTHRL VW, ThEDsmEREE
mANCHEIHT AL LTH, HILLES LB TR~ —
PR ET A LDICD, SEOBRBOA»S D, BE
BRI ERT2BNH B L IIBTETOLV, BE,
KENLLICHREBRCFRAPLONLTVEY, ZbHk3
I ABNSEREE~NRERSE WV, fINET 250
I VREFDBREICEENS 50N, iEREEZH» 5
BELFTDTORMARIEL 42 HAEIEHMESSE & H,
BEREDLERAVEPIICT B, HPHICENS LEY
HEROKHDBEEINTWVWS, LEF—HEATHEEEIRN
3L, PO RIMIHMS, FOBALLRMRELT, &
ST E THIE L7120 |

BOAREBEROEL XX HEICH>VTIIR, [FEiEi
ABoESHN] LT, ROLSIBXTWSA, B
ETHTAYUTREBLTRELSI

[TEREROMERIRITEBLNE DT, 1E
ORHIMHLRBOERICH LA L LTHEEXETHEHD,
BB ED D5 E TRIIHEDMRELEETRET
BV, REREHRTZbL VL, BHHOREREBEL
THERNGEV, M, BEFEILEShWEHRICOA N
WIFNEERANE WV, FOREEMRICE L CoWRIZ
HEIhTOWREWVWAS, WEEsARICEDRLTOLV
EB %, UL LEAABELLETLLARKRTESEL
AECEPLLS, ERAATFELLEVWILE, ot
BOIIBTIROAEL E K SHmP 5 L#HFTEO 20,
HAEOMEERSE L, —ABHBERATHEL TV S L
&, tMoAMBZTNEF-TCRILEBOWRE LT S
TERDPVRITH B,

Zhico THMHERIEE BHRLTEE 2 WT &,
TN =y ARG THREBHEHCBIL TH, Bitkdhk
TREOESEBINLDIICOERBR LTHERICEEL,
BAOHERFROEMFZ LTEEV. FINIHEIT
HD &/ ND, ¢hEHPIEbDIET 5 EBHRD
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PHELDHRFLE L, T OfthicbEREDFIAZ
EEND,]

EHORFOEIETH - 1B _ERK S, B30
L, FRERBITKT, BEIB TS fog—rs—0
4 2k BhEREEHIicBE LD OAT TTALE
BHEZOTTh, BFED, HKixGH-THI-T, Zh
DPEEDKEK > fcdTT ) &, BEL ZDBICILDS
EFont, TCARODONEESNS] &, FHHL
WM EBM AT DTL & D 5 & TEHBIHEOEH]
FREBNTVWB®), #— bk — VIPHEHSAHET 2024-
T3 MU HDBEER T 5 2013 LMz, co—F
BE> DT L - TRHRRS N,

FltRFcBOhZoRHRAELIC> VLTI T&E)
KErh i TeaFAFEHBREENE LD TBLA V25
Wy vERHRAE] BELVS,

[A+EBEIRFEREBOFRAREEL T, B
225, YMTE—DOTHTY 2 v 7B TRREMWBITP -
T&f, ZUTALEIZOMWBICITELELV, £F
TR 2 BOBIREICE 2 B W TARAETSE 218 ) 1,
LU IERFEPRKFICEENSBIAT O LTV /D TH
KARBRTO UMD - o) TA+HETR, Hiciiss,
LrdE, ARBEOREEBICPL > TS AEHDL
ST, ERFRLBRAICHE-T, F4RHvyvavzElL
T, SROERAMERRLTTE >, BiKL A, 2
BOHIRZIcEE 2MFLAATEPREL LTVT, &
TLEERIISHLAICLZ L, £ L, LaFVPS
A &, FYTENTAFATALEDVIIAL ZF—
EREETANLY LEDDE o4, ITL A, BB
2T EDR, FTRBHHEBHMNEL, EEIF 93~98 ¥
MEE LML, LhrdbER—ETEL, BATETL
TWB30T, APOBERIR MIRL TTb—KicfE- 12
BFoMEW] BRI TV TS 5], Bk,
FRHTLVI = APT L=y A EOBERETC
SHHOERER52, BBl AHEEITH - 1,

4.2 HBROSLREF
BLT—
REKFEOREFHZELBMBFERE 2R VT SN
FIENEEE & 7 D%k s N LB KR O EX
NREPHR, RBICEIL THROMEDSLZE &

DTHI,

—BENER, N EERIC

T3, T5SIcxtd BN TH B A5, TR TR
RBe&£s$ (E40BD) W, [758 & HD bEM{HB W
LIENEINDOBERMH B0 5, BIEZ/PDEMICL TE
LRMPELTHEOINLLDTH B, £1AETH
1933 £ LI3E, d'Alais, Froges et Camargue £ftic T
Gauthier & Vacher MiKic & » THE E N T Zicral &
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MLTWBbDTHB, WEA85Y, MHM1% <5+
v 4h25%, wvAV015% ODEETH S, WTIhdE
S DIREMLTWSL, TBHIZPPLEVSDOMNEZV,
3 3V 9 KED Mackay & Dowdell M K55 Metal Pro-
gress (19494, 9 A, p.331) H LIKENREEDTR
EVWISEIED T IRChEDALITDVWTEHREEL, 0>
LT E. S. D R BRHESEL EEH LS TS -
freLnTW3, S ES.Dic2WTHAEBELI-D
TH3. ERMRII—RRTEIEMEICZ L Wb o 38 1
BERETHB, BILHBNTHBLE WS AL SERHTED
BERTH 3, BFIIGHENDOELH VWD, IR
PEtE DU SO RBFIRTFhEE SV, fFEkb L,
BENBRAEEOMNENHBHE, E.S.D & 758 L
ZRDEREMEOHERNCH LT, 78S EZX X% %48
BWTHAI, E.S.D@EMSETEZNLMBITIES
Z0ECHS IS, ML EALEEERVOTIRAE
MAEIM] ERBIRE-TW3, Chicxl, /MR
CARBICBLENHLVWALE LCEESHALTE-T
AN bDEEBLLTVWE, BIgoRERTOSIET
KRB TIRETHTEZRETREL, D, S
CETERAELVA LD, FHICEIBE»S CAKRES
E£TEINLBONTEIAELTIVE VDN DNE
LETHb, BEOERDT|RES 60kg/mm?EiG/ L,
EHB RN IED 2 HIlE, T F TORSBMSNUE
LN, BHRRINWOBRIC>VWTI}, £TT
Rl T 205 TOHHLVHIIBERIN S, Lo LE
BOKEDOEBET IV = 2AEHREOEERD TS
BEREVWHCBA D250 VORRSICED - TV B,
CDCT &3 ESD DEEMERTODEVZ LD,

TR EIEIc & 5 &, 3FE T Hume-Rothery & (7
1) O¥§ET Raynor FDFH KD Al-Mg-Zn %E8€, T
NICMn, Cui&E2INA-ALDKIEROTREHKE
LTOWTEBHENGEIONATWVWS, [CTiEHEER
NEVWTEL ERBEZBF CITCERBOBZEE B RZT
SN5L5THs] W ELVTWVWE, BEATIE, BB
HROT TN LEREEE (F2) »Al-Zn-Mg &%
KIER DI % GiF TV 1,

(1) Hume-Rothery (1899-1968) icBiL TiZ, &
K DOEADBBRRTHEONBZDT, /NENEIHR<BED
RN BA, FAEER, BEHEOLAEELLE
“The structure of Metals and Alloys, 4th editon” ,
(W. Hume-Rothery and G. V. Raynor, The Insti-
tute of Metals, 1962)% [&mmET AP (W. b2 —
& oH) —, EEHBR—R, LR, 1968) EFHA
e o, LLBVWET, MMEE&BERR G
ARIEEER, 77 %, 1971) T Young Scientist &
Old Metallurgist & OXEEERTLHAN, BHEE -
LROEBIMERBVWENOHRAK, &ilf, COLD

301

BABLIE B 2 CEDBEETH 5, B LTER
ERoMHIC, ThEANVFad o7 T,
FIAbNFTICAETEZ O TREVOH, L&FLiaDs
52WE->TL % 5, Hume-Rothery DEREIZDW
TRHR/NEELEHEL+D [€RBRFE 7o s 5 —
FJ az)‘:ﬁbuo

(FE 2) #EBBKRERZIRIE 1917 FE4 AEE LT,
1942 £ 9 ARESTFRAFE LEHELEEREEE, £
D%, #HEH, BEIEEE T, 1953 ELFLEZICH
Exhtc, TORF1952 FETEE L5 sh, 1981
FRIMAREZBRE LRASELRIC, &5IcBlEAY¥
HIRIcHE L 1988 FEiBME, 1986 F£~1997 F (Bf) K
REIFEEN Y s B=a—<FVTrEV I —FF
R, zoiE» (i) REBRFLEE, F%8, BE
BELSEISE, BASBESRISREEE SN,
1985 £E 28 26 PIAZ R EZH, 1990 5 35 BlA A
ERBELHE, 191 FHWEEZTH, 1998 F%E 1[0
BREB¥LHEZHIN:, HLEHBR, =a2-=7F
VT ey —DIEELONIE, TD 22 ERM,
[NMC=a2—ZL%—] ROy s 2%, H
ADEFLzICbImDBLIIChh PP EESH, IE
FE THFZM - FEF BVE] (ma—=F7) 7Lt
vy =) WERIRIhTWS, HEoWLErh
BHE L OMMNFELORBE S ITIFIF I HE
5b50DTH5, Fig. 26, 2TOEHEIZ 20098 8, &
TETHM L HikiES (RGHKOTMAFEELE
F, BREZRF¥LOEEL) TOHBEESI N IR LER
LEDEEXDTFRAIWTH B, 2009 Ficld 925% &
K ohi: CEoN EEIGIcHBKBLIC T I HiEE
B LAKRETH B, CHdC ORIFEIHEE T
ENEEINRREBF¥L LI F—T [THI=v A
Lo YPITLicE>hsER LS| ¥ LBELT
NEgagnsmsh, LKBEsBETHE LI
F23T, RIERBHK TS THEL Z SV EBHEL
Lt AR BFIEZ TV EZHBEOE L -

Fig. 26 Lecture of Prof. Murakami at Tokai Suiyokai
(graduate's association of Metallurgy and
Mining department, Kyoto University)
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Fig.27 Cover and table of contents of the text lectured by Prof. Murakarni at Tokai Suiyokai3*
f: %) DT 5 % o §60-
N EERREARDE, E=GFFEREEFE SN, 1B
BEEEFROBIEE I, KPR ELED 155, )
[E<H» TOWAEREADEEL S, MTEECERICE . : Vsl
BHEHSEBHTEETH 5 L 2H%, BEFHONE ol

BEZATHHV, AEOHARD LI HEHEP-THK
WEWS KN ERMD - DT, BRORMBAEDEELE
(4 DIRSLB L FRIIIRILRL L i8Rt bh TV )
KHFETAHLEEZROTWI] LD ETHS (Tl
=94 15 (1998), 282), 1939 EFTEARFEICAZEL,
EFDCRF L FEORFREFEL T1942F 9 AL
FEEL, BRELOBHTRERICIBFZESLEED,
RECBYOENEBORBEZ L & &1 -, Bl
Big»old, 84923503 vORERE BEHE(LICE
T35 —<m5Z25h, Al-Zn-Mg-(Cu) RIREXKOH
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Fig. 28 Cross section of Al-Zn-Mg ternary phase
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diagram created by Prof. Nishimura and
Prof. Murakami 8
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1947~1948 FEtA» & BEREFR & B RERTEFH
WEORELIEE > 1o 1948 ERERERTS A &N

P OBFEMESRESN, chEAVTTLI=Y A
O HMBOM R LD, Uk, FESBEITZ/5M
ShTHod, B{LEEL 7Y AETITN %0 DA
&®T, 1 FiEEEcHmy TIHEL 3 7 o ARNE S H,
i BOBEICIED THRB I L LMD THY, <
DT EFYEE L TREMPHNEILETH B XTY
%, ESD @ Cr O RIc oW T BTFEAMS* AV TH
FTETE-TWVWB, BbLL 7)) A EOBED S, R
WA HYHSER L T LTWaE, SCCREZMA
e b, IWHABBEE2SE LRRFTEYSEAL LiE
MMEERD T LT SCCRAZMUMT LB L0 -1,
F 7 Cr ZRMNLELTH SCCHR LOBEEF LR
BEONIDE, WRASEHML LY, KEhTHUNTAK
BAlc 3 TN VISK LB T EHRRTH
BT EEPASMHIILice ThOREXTRELBITD
BVWEMEZFLED L,

X @efrk b T BRROBRPICIBEELFETH -
foo 1942 EEERMRZICORMA 4+ vERv— 35—
BEROSZE SN TORY, FETLZ0CFRHBL,Y,
ZDH’RY =) v FERKEMALLLOSEETERATE L
Wotoe 193 FEILHIRICAEL, X BEBELHESH,
e L e —gic, Al-Cu-Mg %, Al-Mg-Si ZKRU
Al-Zn-Mg & £OHMMBRICRITTEUEL L S
IR HEOEEH R 2. YME XES5v x
TGP V'— vOWEEIT-> TV, 19614, KA
YDZTy s RTS5 Vo EBRMRFICEMBGEL o8
2, V. Gerold HigD & A THHMMOWEIC X &
INEEELE (SASX ) MIERHEhTWVWAEI &% 4
Tro TO%AITFELL V. Gerold HIED & T A%
LT SASX k2 BB LIRE L 145, LW T & T/ ik
OEEERITL B oM, AIFEELOWRICO>VWT
i, KAOE»LNi TTHICfES EREEEL) (£H
RRRR#R, TA&DHH)) il v, £0% D SASX
HE N LA REDRMILELEZ I Z#M i,

I LB L T b8, ABRTRERHEINTT
ATV, EBEROAEZMAI-HICIHER MO
HEBENH B, BREBICLBETLI =y LD
BRAEELZDOIRPD TR LILORIERDO -y 5 —
Wt E-EEEZbhTVWE®, ZoELoH
BT [BERRBHTEDI V., T1bh bR RERD
TRV, TARBVWEHTES LTEFT 20155,
ERERVB—DODETHZHRICEDTESITTD IBD
BZO0RMIEIEA D, COBED I >N Tz IER ST
DREIIEAS] LOEERMIXL, F-5-Koik
1934 4, RFBEHINCRMaMH > TEFDRIEHBEH T 5
& DI Lco T 5 Lk Wit LT,
BENZIZ I [REICE T 2 BUETEOMADIEHDES,
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Za— b VURDEFHEB BDEWVWSIDTHAS, FLT
HEEAD O DBT[EVI», Lich ERcBD T b-
THHEEZTIEAMNRZIE, COHEOKETOHEDELKD
FRIDEFEEE > TITSENH B, b L bIRMEE
ZOTRAEVWCEEZSNTIRE S| HEOHEE
FMLTW3, botd, HEHRICLBEZICH-T
H-telDT ETHBEY, BERICEVTS 1929 F, &
(LR I W o L OB G A I e R i TIRAL D
BRERRINTWVWEEDIETH B, AlBEROE
o X5y tHEDIEP T ORFTH» S, SRRTF
DOEMMBT D HFHOEIRCTE - T, ThNINIE{LD
FRRTHD L L, BEFBICE >TVEIFRIEMOE
ek -~ TR A EERFOREMMERTR E 2< A
KzERENTWE, 5T, INLE{LEEORTEL
O EORXMEIAENBEEDI & TH B8, TERE
#HUOFLEOMALSKMRORBOWFLL - &
% [Raes (B11E)] ® THRNXTW I b
b5, TOROBELBFELORMBORERNLER
L, [TEROEBE~NOILAI (BALE¥LLEESR
SRR, AE, 1957), [HRIEALER — 2 OL&BFEA~D
EA—-] (BXEBFESMR A&, 1971), E&Ro¥it)
(BERE&RBRF2R, SBYUERSES, A&, 1977
TRUOGEOHEIC O VTN TWHWOBRBET
H5, FD%, REKFOVABREIEH, BELRBE.
L2 (1984) T MEmFEROERLIFROBE] 0
ofhT, LOEEic>WTERENL TV 3, HiZoNR
FRHIHEFL MRARAPI] (777 %, 1967) Tk~
SNTWIE Mot DT, TENEIROBIRICEAR L 7o

1948 £, BENEURIE C DRI OHFRIcx L TETH
WEHEEF AT 5 L EFRREON LHIRDOFEHFITH
e AR —1ELIciERL T, T hENARICRE TR
5 EEPASICLASY, HROTIMEME L ciid
SRIMEFEET B &Ic>WT, Hultglen & Herrlander
PRMTHELILERT IM6ERELLN, Toizy
L£TIE99.99% 2AWT, 537 (P. Lacombe) &
* =Y+ — (L. Beaujard) MIBHS 1947 FEFREL 1=,
1949 1213 Castaing & Guinier BSEFEABEE TRV
LTWa, £#YIT=+—a v (Polygonization) ¥
—RBOBRRATH 205, bEHREFLALEREL, X
BTy 2 HESEROLDICHUTTRF )Xo %
AL, MY 2 LBRRASE USRI RESD, -
¥ (R.W. Cahn) &# o9y (E. Orowan) M3
fiLAcESSEELIEEZ, RYT=F—vaviy
fFidtzo BFREMESFEL TL 5 LishiglAIcER
HOERBIHONT &, ERFICOWVWTIE 1950 FELF
H»oFEBEEIN b DT, Honeycomb, Cahn, Chen 73
LD &> THESNI, ThHENEIRICK - THFH
BEh, ShARKERN [110] AEICA L 5 & 25353
Hohic, NEIRER TEEFEV I bORBEZERD
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MIREEE L T5IRA LB BS—EDTHETSY
HEickEL s ET5E, ARBE0FEETRzHBLL
RIBISET 2, ZOEEEBITER T B0tk S
—WOIZWHERTH B LERTTFTVEE),

Z0%, HEESc W TEL S LY, £
OEMHIC>WT, HEEEF, 1956 Ficii-T, W.
Bollmann % P. B. Hirsch #5, X 5 L 8% Al D
RER=AWT, &6, #BFRMECRIRERID BREEE
FARBIC LT &2 EIF TV, Yk—H9TH -
T ILEEE 100kV OB FHEMEE TIE, #2000AD0E S
DHMEIC T ENENS B, K—NeVEPTzy b o &
Ny vy rESERES N, BRWEBTHERTEZS LI
HMoteo EDH%, FAVYEVF Ay ¥ —THLRENY
BB oNaINTIEAMSREE LB EMH5E, BE
TREbIEAF Y- 3Ny IE, Hfero—HThH A
FIB (Focused Ion Beam) #%TREBE LA WERE
YA Vb THEL TE5, [HEOEBBHRAEEH T
BBICi 572 T & T, A BRE T, HIRRRE
BFEOHrET, WHBOME LA L OS5 BIRE AR
rTcEsls, BEanBiEntrBRTRITHmobsE
Motz s s, —4, ERDofEL OEFRIE
bERBETET, BRPTHACLIIRIENEE5ZX5C
L THRFRpoTHIcRIETEE, EMLTEYOEE
fERP, BEAFNEEED & O HBRT2CETIRAL & 47 i
YOMBEERAMBEERECZ L Iy X, ES
B, HE, BRAMEOREEFR T LICLS T,
W LA ASBAS i i > TE 2] 8, LB TREET
305, /IEESFEAERMR (1972~75 FB), LAEtELo
oo b LT, HREOOFBFE 120kV B FEAME
ZRAVT, LK VBRESTERPHODVDLTVWREEAT
WR CHEER, BLRUCMOBAL L 2BVWET,
BP DX v 54 F DEREHETIEE A V514 L O
EOEEE OARIBIEE, €A Y54+ DREEPERIK
s ho RN ARBRBOWIE TIE, EROMEER
O&FH» O RMHNRHFZETHES hThhARICKRE
LTERIRBESSHEsET WA T &, £ LTZD cipsiko
hbhABRICEWVWTWA Z Ei 2zl LT, B8t
BECIRENOERISEEEZ 2 L CBTHUSENST
PHFRTHEEEZEH LI, 1 LYERY s v F
VEPY 2y MEICK ZERPE L b3 R T,
FHBEEDO LI CHROEBE LWV, X254 b
DOBRETRE, SHEFBELTHEREL, BVETAND
WEBRLTY 2w PEE-1:TLEEATVWS, B0
BZERIT MERIRBGHS — AR -ER-I0HA-] Yo
AicBikE i, T LR, AtEBE7 v =94
hOEK DR ORI EE XL 5 L TR WCRIL -
12o ZORREE #7103 = athic BT 3 a-AlFeSi
EHAEDERRILERE) 2 ORI THRE S, TR 11E
EOREBESB/XHETRV,
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1965 LT3, REOFH L VWEBOFIAICL - T,
RESRERIR S hT W42 ORSAEBEIC KBRS L 3
XM ->T&EI, —h, BREOEL KLY TV =y
LEEDT/EORAICRY, BHELETLI =y 28
&b Al-Mg-Si Ze&id4 v vE LTAELCFIAEh, &
7z Al-Zn-Mg AL REBOWEMOH®M & LTOH
BOBIEAL, AN OEL ORENTTE . 20—
o [ZER¥%)) (two-step aging, split aging) RIRE
T, RETHER SN, Al-Zn-Mg RAELREFRTEL
BIEBEREZBRAOSEBMROBE IG5,
Thicxdl, Al-Mg-SiRA£E Mg .Si BZWEER
THRETNET213E, ZBREOSEBEN%OEEILE
T3, CORRicxL T, FMIN L RO ExL
fevba— [T =y b8EBLURAEGELOEY)R
2l WL [KEDESKEEOEITHICE T 2 RRE
TD1 TuIzvsfE] WIIKESLLT, 1967 F
REB¥LTARLLERMLSH, COBBER—ED
BRI hiz LEERRxTWET, Lhl, KZ
ROMBEG HY, kDL E2—Tld [G.P. V= vhith
MAEOKIT 15 T L ZFERIEIT S T & IF TSN,
G.P. /= v R DWEEER CHREBICBITT S
TEEBHZTHILBEbNE, AMNEICFELTVWEH
bRE+THPHETHE VWL, GP.V—YZDbDDE
HEPLZOWEARKOTARPENT, BLHTIhED
RN & SICHATEIC 2 b D EBbh, Z0DT &SR
EN3] LEBEATVWS, ZOHEBOBRNSNIZKBRO
RIBEIZ S MRV TV EREETOLHY, choDREER
INEE D8 5 72 1990 ER O HBERM O ~— 7~ — Fik
B LR THUEEH L TL %,

4.3 BROFZII=9LEZDOEHA

TN =Y AORRE, BIRERAKBPTITED
KEE MRS ED TV, Bk KBICFE/NL,
FTTREMARY, ORRKROTESREMHMY, KWTH
BHE, Hlj, BRLEoLFHITREEZRALL, T
%, Yoy, F7, A—FvUx— I8 E ORI,
B#E, +557, bL—3—, SEEE, MKALED
kR, FLr v, BRUEEBEULOBREERKS B
HOETELE, DREBRHLO—BRRETEMS2BUCIEK
Lo it 5 1960 ERPtAE TOT7 Vs =y 2T
OEEIC OV T, (EREE, HBHEREDO (Tri=
wALATE] ®IHELVOT, ThiCESVTE E DT,
vy, tE, EMEESKO>VWTRIEREEHDE &
Icd 3,

D bk

BIRUEARKEIC L - T, BFOWEERITS, »>
REICHBRIL 127 2 V) 2 OBALIZE/E T, 1939 FiC
BEBMELEEN IS A v TH - 1255, 1943 Ficid
TED8IF b Vit K L1, BEEZhLE LT3
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= ADEEICLY, TraTREETEOALE ST,

BIFORZEL82D 7NV =9 b TIBOFEKEHIT
ST ey, FroaroibiRsgbahi, LaL,

TNaTOMEERNT 2 U ABUFE, 1940 &, B
ERMIEETH -1 4 /7 WIS EEOHFA %
52, BEE*RMEL, 7AV107NV =y 2 TEDE
ZOMMPLICE Theo ¥ 51T, 72 ) ABIRFIE 1949 FE 7
4 HF—ENDOEFLIBDOIANNT 2T o710 H A ¥F—4t
DEELKLIM49FEDO 7 ANV ARBI BTV =9 bk
EDY=7, TNIT51%, LA /IVX29% HA
Y—20% &b, Rl TrrvaTHOY =T
@ Ut 1950 7 2 ) AT 7 v 3 7 1hS
AFFDOTNI= L) 157y F (Aluminium Lim-
ited) ZEUCT I =y axBELTVWAELT, T
NWATRHROETITNI =94 « ) 37y FOmEOKRE
ThiAUY, FER, Fa—70ZKHECHLOE
hh—HOfREFTHT REL 2R LI, Thick
DT7NaTETNI=DL ) 3Ty FIRIFELIBIED
PDEEALLTEHTEICL LN, KkETraT, L
A/ VX, BAF—, ThFey (FHI=D L )3
Fv FOFE&H) VI MNHOELKETRREL I,

1950 FEEF L BB BEIC LD, TH I =9 bDFEE
F—EEL 7 v =y 4 OFRERETEL ES, FReEE
L T»—~41tt (Harvey Machine Co.), 7y 7 X
#+ (Apex Smelting Co.) DEANED Shtz, ERIC
BLERVWFNOEBRED 85% O » EMEHENZR
HoNIHR, FIPTHEEINLDODI bEE~N—
ATRIELA LM FFTTBRERVD TV 3 = v L2 EFH
BLES3L 0 BERBECOREERZIT 0T, FiE
ICRAFILIREITI >t £ DR, 7Ry 7 2GR L
1o, N—=RAFEANA—RA 7 =9 a5t (Harvey
Aluminum Co.) #, 2WT7+ 3 ¥ ¥# (Anaconda
Copper Mining Co.) BWBAL, 7+av 57 i=
» 4%t (Anaconda Aluminum Co.) %, # ) vt
(Olin Mathieson Chemical Corp.) & L7 « 1y s¥—
#t (Revere Copper and Brass Co.) & B TAx — 2 v
k%t (Ormet Corp) %&I Lice THLTT7aTH
Dy =TI 1949F D 51% 55 1958 FED 38% ~ & K@
BIETZRLI LAL, 71 =9 sDEERRBILK
D—&E I EY, 1955 FED 150 7 b 15 1960 Fic i
2205 b v, 1965 FICIZ 250 5 b v ~NEIEKR Lt TV
a 7#D3E & 1960 £ 8 £ K v S 1965 FiTid
WLREELVEEET I, 1960 FRICBVWTHFILHBA
MHY, 1963FEXA R« TNI = LZDaAVY ) F—
Fy F 7=y st (Consolidated Aluminum
Corp.) #%, 1964 Fic7=yv 2R TNI=v Lt
(Amax Aluminum Co.) &£ 75 VR, RViZ—F%0DL
HEEAXBIOLELA vyIva - 7=y stk
(Intalco Aluminum Corp.) W& Ehic, 19705,
7N a7 REERECEA B ER - oo 2000, TV
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FrY, RVFR—, TNALARAZHOHKEEZIT, 7
N3 7 1E Alumax, Reynolds, Howmet #EHIX L 72,
2004%E, 7N =9 sFEDTEY Yz VR (Com-
monwealth Industries, Inc.) EVH A 2V A—p—D
IMCO Recycling Inc. &L TT7NVI=v DY 4
A7 NVEEEEFEMNITSZ 7L ) Xt (Aleris Interna-
tional, Inc.) %8I L 1o 2006 €, 7 L Y Rk EERM
JE3Ex —# — D a—35 24t (Corus Group ple) 2EIX
L7
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FEARLTW o 7oo 1951 i3 < v 2 M OEBEIK S
WK L2 —HL, 7V5F 49 Y2 -a0vET7
Mo*+F=y PITHAGRKOT VI =9 L BUFETIHDRE
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TVF 4y ¥Ya 7N =9 stk (Canadian British
Aluminium Co., Ltd., Ric L4 / WXDFEtL E153)
M TOLELORBEHETRILEI NI, 1966 F
Aluminium Limited (3 Alcan Aluminium Limited &
WFR L 720 1999 £E, Alcan Aluminium Limited (& 2 4
Z® Algroup (Alusuiss Lonza Group) &7 5 ¥ XD
Pechiney D= 0HA%RK 5 5 & LicHs, BRMOME
EoBFZ T CicikERE T, 92000 £ Algroup
ZFIN L, 2001 2 Alcan Inc. & 78 - 7z, 2003 FE il
Pechiney 2 BIX L T=#tid#HE& s i, 2005 FEicid
Alcan Inc.» & [FREEFPIM D EEIIL L, 7 N ) R
(Novelis Inc.) & o t=d3, 7 ~x) x#id 2007 &
Hindalco Industries Limited iZ BIX & fufz, 2007 £,
Rio Tinto #% Alcan Inc.*HIX L, 2009 £ Rio Tinto
Alcan & FFL 7o MNIERPID Alcan Packaging i,
2010 EZEM © Amcor LH IR & nfc, E5IKA LK
Alcan Engineering Products (&, 2011 ££, Apollo
Global Management FHEASINL, 75 v XLEi
B3 Y25 Y vatk (Constellium) &7-7c,

(2) BRI

Bal, HRE-(EE-LF1vE, BBIck-TK
& TR A I AR IE T L b - 1o, BAREBHELIC & -
THEERL, 8% 12F i L TEiioRkS/KEETERIEL
Tco RAZX e 7M1= s (T AIAG) DTN
AN 54 v 7=nN7Fvi (Aluminium
Hutte Rheinfelden G.m.b.H) tEHEAED7 =51 =
E 57 NI =9 s (VAW . Vereinigte
Aluminiumwerke AG) O #{&&IMHE VW, TLD
MEEEDY 2713, 7=54=yt 7D 80%,
ATIAG D 20%TH 5B, 19654, 7+ + vt s VAW
B&FT7 N/ V74 (Aluminium Norf G.m.b.H)
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(Hydro Aluminium AS) icHIX&h, 7/ v7tid,
BE, " FotETod v vighbSififc s x Y xS
BELTWVWS, 19645, A4 —-E KA YDaTLy
v (Koblenz) ICEZETIBEREFZL /08, 1987 FEA 5 v
S OH%MEALR + — T~ v 2t (Koninklijke
Hoogovens) OETICA-t, D%, 1999 F, N
F—DF a2 v 7= (Duffel) OFET, PFHTIBL
Edica—-35z27w—7 (Corus Group) I A - 758,
Tt =y s OEEMHFEIEE 2006 FEiKEOT LY
ZfHICHIRE izo

75 v ARKEBHOBIER KAy KD B, 1950 &
KREiior -2 FThEL, 7= sAEERE
1958 Il 16 A b VISEL T, TA VA, AF Y, V
IR MARBIENAL & 15 - 720 1960 FERITA - THHE
WMEBERLIY, ~vix—teay—dOEHi»S
Ot EEHIIAENES o, UL, 19714, ~
VER—HELIT R e I — U DEHL, BREH~
Yi—ea2Y—=3x+ 2 == v (Pechiney-Ugine-
Kuhlmann) &7 -7, BARKGORFIETAR T~ H
BENCEAERER > Tz, A VY 3y 7%, 1982 &,
(b3 LB DN FEFHD TR HDERHIZ Pechiney &
L7chs, piahd & 5 ic 2003 £E Alcan iCEIXEh, T
JEZEINTERPY Alcan Engineered Products i, 2011 %€
Constellium & ZFi%ZE X 1o

Y= —RBERTER 75 v IR CHERT, 1962
FEZ0 T vBOKETEL, BRKOT -5 -
~v 7%t (A/S Ardel og Sunndal Verk) (3 1948 %€/
WY =2 —EHESORETRILINWBEELETH S,
1966 FEiTiE T+ + v ERHEL /288, 1986 FENA Ko
it E N, BMDER Y 2 7 vk (A/S Mosj-
gen Aluminium Verk) &/ Vv = —AOBSLF A —
A—DxzLry boey iRt (Elektrokemisk S. A.
DOL® Elkem i) E7vaT7HOEFLLTTELL
¥THHH, BERTLVITHOFLETH 5, FET
HROEVWRETHLEF v b JNVRT = ) F 77—
¥R # 7t (Det Norske Nitridaktieselskap, DNN)
OHRNETLVF+VET VT 4y Va e TIVI =D LN
FELTHBLTW N, 1976 EF0—HRREE(LS
Ntco /022« Ty =9 stk (A/S Norsk
Aluminium Co) & 7 = —# (De Norsk Naco-
AktierA/S) &7 F v VHIETHREZRELTYL
fehs, 1986 A F o DFLtt &1 - 1o 1965 M)
Liv—we/snvYaft (Ser-Norge Aluminium
A/S) BRA R T =vatters Yy 2OERSH
RO 75%, HITEARDS 25% ZRETEEHFLET
Hotehs, BEFTLF+ vENAL FODERELEETH
3, 1964 EFRLE N7/ — it (A/S Alnor-
Aluminium Norway) b/ Vv - —DEHEH A/S
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Norsk Hydro-Electrisk Kvaelstofakieselskab & /~ —
NA e TN =9 AHDOEHRTTE LD, BEFINA K
oDDFEHTH S, AEEESNHENTXTHEERERL O
BREETTELY, BEETR Y a7 v 1 F
ofticRIRE iz, 1969 &, N4 FoHDHIHTHS
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Too 1972FWCE / Vo - —BIFIE/ WR T o N4 KD
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Lo &9, TWFr Y e THI=vLYITy KD
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BEOT -5 N EEHEL, 1988 £E Hydro Alu-
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AL AT, RA4RX 7N =0 s ZERLETTE
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AFVRARBBHUERT SN TYF 4 v Ya TN
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%, v4/ VXETIGroup BEW LI, £D% 1982
FE7vd ey VEENREN, TVF 1Y TFr Y
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BLilot,
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TN LADKBUEET, il —H—-DBANT
T&1, 1960 E=F[LREDLLTE=ZE IS V-7
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[ZRAA4 TNV =9 s] BIGTEREZRELL, £0
% FRREBRYSENIo—BIEEBiEL T, 1973
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BRSNS, NI —h—mhdBRRED HRHE
b o 1o BAARSERKNRESFEILBH IR DK
WS TR T 20D DT, T OFIENH -
feo TOHE— ST 197T1FRERB L ABMELLER
ILEDOEEHREED T v HF X7 0 U227 FTHd, VT
HFTTDTNNYI, A VFERVTTOTH NV, T
SUNDTZS Y, NRXLITDRNNFALIRED oYL
7 EOEEEI L, L LIS, EBNTORBSE A —H—
i3, RFERELSES T, 2EEIEKEBWAENT,
1981. 9 =R &R, HILARIB *2mEE, 1982.5
FE7rI=9 A, BALE 7V YGgLEEL,
1982.6 BIRLE, KWIH7 L I WaL@mELL,
1983.5 7w L BIg¥E, BEEEMERERBLELD
MRERBIIEE, 1984.12 FR7 N I = 88K, WT
TI5BAGH, 1988 7 I WEGEDORBRH/NLEKD
7o

—7%, EEMTEE D RINIEPITIE, REHERED
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ZHERL, FEEOHRTRERME 100, ZRINIToES
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4.4 EROEEBEEEERBOIT Y

(1) &8

1945 £ 8 BoKEIc kb, EHERSESWERTH
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B, (ERORGIFOBRESARX—B1F +—IAHKER
BLT, —B6MEF»— UOEHEREICEDL 1,
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BoHiRBELR, LiEs < O, S&&ERD 1 7T i
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Fig. 29 Affiliation of Japanese aluminum industry in about 19657,
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BE_HMEMEETIE, BATRIOFRy b F +— IRD
TN IBBOREFRIANS IO, FRILFEL
¥, (hERproMRETEICKT L, M 7 3 +ER
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PPN IDOZANIA 200 by THoT, A VS
A VIRH ZNBERBFERTEERICTS PN X

DELEBORBEa Nz, FOD%, BRF60 LY, #
IS5 ~ Y OHRBZARORGE (F31) BEES L
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%, ERRZRAED 95 b VAR 25 L 100 + R,
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WA X NI BRRIF%TFig. 30 IR,

(2) FE&E
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EBal - 1oh, FREEBSERERD SMI LIET,

Fig.30 Large melting furnace

309
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watsh, HEZEHE (R100) (Fig.31) & LFXEH
(R101) (Fig.32) Mk ffc, W h b MR TER
TRIO o — g3 A — R, RIO1IE3 Y V5o
To— B 23 4 —+ VT H B, AHFFMNIZ 1966 £ 4
Am5TH5,

TN =Y ADOTHEIBY, KBER, K, S8
i, BEALSHEERADABANLEEFLVEEBELES TV
55, BARBRERTEREL LY ENTOW LY, FRI
HFFOTNF v VL EERERNE 1961 FEEA L,
ERBYOABIR, TLI=vsEZDREIIOVT,
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Fig.31 Single stand hot roughing reversible mill,
R100 (1966) %’
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R101 T& %,

3) & -#-EH

1958 FELHED 7 v 3 - EMOEERIRA
100 ~ VIBE T, ﬁﬁ‘f’(ﬁé')ﬁ_o EVBYy YVOEFER
514 & T BB Fo D A5 1959 FERE T, BEER S
D7NIHy VICEETE0D1F 1961 FEE,LS E VWbh
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Fig. 32 Three stands tandem hot finishing mill,
R101 (1966) ¥

Fig.33 Four stands tandem hot finishing mill added
a new stand, R101
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2000 F VitiELto VY y FMOKEETIEHZ S v + ¥
A ZBEFRTREDL S 7o —#4 FRIFEAShTL
Dot RO —FCDOVWTIERNA =54 2T
I ZABETH - e, FRMLICHFEVR—-PF -5
AZEBITLTWo 120 74 X DRIFEITIZ 1958 EfE
MIEsSPASHh, V0 ELRBaIvEra—sHfoy
A%k P ERTESERTEICEA SN, /Mg
ZHROPHITIZ T 5 — 45 1966 FEEREB S Wi, #HE
1 LB RIS I RESROBEBUKE IR A R T RRER
DREIET, RER 5% UTOEREHIET -0ic 2660
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Fig. 34 Direct and indirect 5600ton extrusion
machine with double action
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Fig.35 Vertical furnace with quenching

equipment
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Fig.36 Trend of the body structures of aluminum railways cars
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e, ZhiHE - T, BRKTIE Al-Zn-Mg RiaHEHEE
AMROWENBEAICIT Y, AlZnMgl, AlZnMg 2,
7004, 7005 i EHRAFEEI NI, TODRDOEEE, BEE
% OBABEYICTHRENSEIL, 51RM S FEMREIC
FEWETAETEET B0, UEPHRIISVEEHSH
3 1(}1)0

BERIBVWTH, FREEBOESHERLSITVE
B Mn, Cr, Zr OIRINOZEEE AN, Cripinsikd
BEANEEETSR B LEZHESHITL I, 1965 4F,
Cr 3R $ Zr 240§ 3ERKE4E& ZK41 2BF L
1219, ZDHIRKTS Zr EMELETEEIICE -7
CIRBERDELARICHBII2EEREZRZ I EMNT
& 510019, Pig, 3T BHEANEE BAHETINEZ I RE
THETHEOZEE/RTIMRI®, c0ZOA&£EHEH
BOTEHTHREMNEON, BEIcX 3ELDIL THE
WAL Wwicy, S dEREL, 1970 £ JIS ATNOL
(2005 £, The Aluminum Association (AA) Kb &
gxh, AAT204 LIEFR) MHIES hico LA LIRS,
BARRBICL > T, HEREPEHERENMEEALL
5ILEMHBID, BROBHEHNECHERINTHES
®etahice B, IEARTOIGHBREINIDEIT

LT, 0.15% BiOMED Cu kB TH 5T &
DS H LT WU &S ZKI4 BEES D
e, HREALFERD Al-Zn-Mg TR ELDKD %
Table 13 IR A1), ZDIEH, 7 oaPIpa=y
LATINC DWW T REFROITH LR GOEEDORE
LB Shlic L 106.207)0

() Bigsmuttetid 1935 F4Fh, 1958 ERERK
FTERELSFEREEE, N LBKHREOHLHT,
F 4 vOWERAFBICHE L 1o TERERBICAL L
EDT Lo AHORE, FRESBMSMILTELELED
KE—RE LD, Ty sREOWRARICE
WA K, 1969, FEARFED 5 TEELEEES
h3, 1972F, FRELBTEN FEPRE. /I
WS At (1975 %) BEEWRBTHhHEFEOL
FTHY, £9 AlZn-Mg Z=TAEDHKEROIS
HEBRENDOWHED 57 — <5, D%, Al-Zn-Mg-
(Cuw) RELOKMHIUHE, ISHERINICRKIET Zr
RINOEBOWEF — <5 X dht, 1985 FE, [
A, 19924, BREMRIFRFERBHIGHRE (
3EEMD, 1999 4, M BIHFEHEEBE, ®f. 1963
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Additional element (at.%)

a) Quench sensitivity of an Al-6%Zn-1.8%Mg alloy

Additional element (mass %)

b) Weld cracks by Fish-bone cracking test in an Al-5%Zn-2%Mg alloy

Fig. 37 Effects additional elements on quench sensitivity and weld cracks by fish-bone cracking test in

Al-Zn-Mg alloys % 101102,

Table13 Chemical compositions of Al-Zn-Mg alloys in the world (massg) 104105

Zn Mg Mn Cr Zr Ti Cu Fe Si
AlZnMg1l |Germany | 4.0-50 | 1.0-1.4 [01-05 [01-0.25 |— 0.1-0.2 <0.1 <0.5 <0.5
AlZnMg 2 |[Germany | 4.2.53 | 2.0-35 |0.1-06 |0.1-03 |— <0.2 <0.10 <0.7 <0.7
7004 USA 4.0-46 | 1.0-20 [0.2-04 |01-03 [— (™ <0.15 <0.2 <0.4 <0.25
7005 USA 4.2-5.0 | 1.0-1.8 | 0.20-0.70 | 0.06-0.20 | — (*) 0.01-0.06 [ <0.10 <0.35 <0.35
ZK41 Sumitomo | 3.5-4.5 | 1.5-2.5 |0.2-06 [ <0.10 |0.1-0.2 | <0.10 <0.10 <0.25 <0.20
ZK141 Sumitomo | 3.8-5.0 | 1.0-2.2 | 0.2-0.9 [ <0.30 <0.30 <0.20 <0.30 <0.40 <0.30
7NO01, 7204 | Japan 4.0-5.0 | 1.0-2.0 [ 0.20-0.7 | <0.30 <0.25 <0.20 <0.20 <0.35 <0.30
ZK60, 7003 |Sumitomo | 5.0-6.5 | 0.5-1.0 | <0.30 <0.20 |0.05-0.25 | <0.20 <0.20 <0.35 <0.30

(*) Afterwards, 0.10-0.20% zirconium was added to 7004 and 0.08-0.20% Zr was to 7005.
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4«7 3I=% 5D P. Benner 5, [El4:A5 1958 £
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Konstruktal 21/51 (Al-Zn3.5~4.8, Mg0.5~1.2,
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Al Aging Yield and Tensila Strength (MPa)
7 Y| condion | 50 100 150 200 250 300 350 400
RY-Td a . “t
2Kt B
60 K 1
& RT-60d
K.51 3 AT-30d
RY-80d =5
120°C-48h ¢
140°C-24dh  *
5 e T
9 JIS ATNO1 15020 4
= 3;0%054 _ 170°C4h__*
~N .
2 70 Mg AAT030 1 170°C-6h |
4 Unidur _J * Pre-aging atRT to 100°C followed by artificial aging
AZ3C2 - Alloy Extrusion Speed Minimum %’hickne.
Hegal {m/min} (mm)*
3
ZK 60 21 3.5-4
ZK 61 28 2.5-3
ZK160 14 45-5
2 45-5
0 : P 3 7! JIS 7NO1 14
Mg (%) * 350-450mm wide shape
Fig.38 Development of Al-Zn-Mg alloys (Sumitomo alloys ZK60, ZK61) with high extrudability % 13- 1147
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BHREICD 7 ¢+ — Kovy 2 & h, 1960 FEE» SR
HogEPREsELEL o TOBRMRS S v 7 U~
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N
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minxh iz Al-Zn-Mg-Cu Z&& dbAVLhTWS,
Fig. 39 I35 7000 RPEM B AV Sh TV S ZiHE
DY %R,

B LB OERIA KL IE Z 0% ORDWE, 7
A L % ONBREICEEERIE TN, #
HA OMEHE bBBEGRBETH - oo —RICENRE
S IEE, P, HEAREINEFOBEAL»S
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T4, PHERIF4 2 EORANMNIA*ZIBEER
ML 2h 2TV, BB THERBRIIELLS
D, T DBROWE, TeA MNLTEESHAE S gt
WHREISIRET 5 &, HIROEVWTHMSEL B0, 44
BLEEEohBICHIBITINENH S,

TU—LDAL V)L TERZAA VI T—LDT — A
IRl TNOL, 7003 HEMAHV S, ~y Foeg 7
P75y P0G ERPHREREBETEES SN,
Fh—EOF VL IRIE 4 7 TRB‘FEMED R IF5 5083
BE&RMBRAT NI,

Jovbr7x—7R3EAL IOV b4 PERSY
Ry Va3 VT, BiELERBIUEREO®RLBHD, &
BARINT 20 _FETHRSN, 1 vF—Fa—-7F
W IREENEN, TO9—Fa—TRETNI=DLE
SHEYMBRAVONTZ I, 19904E, ®bsozid
EDA 7o —-FL—H—TWRY+ v 7BHIBRICKEHEH
BAMNb 5o, LD bEBRESHEaLSMS
T LN, MTHEA Al-Zn-Mg-CuRé&edElani,
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HAEEMGITE, FBEANBRZHESSR (AN
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MBEF) i3 t, KEEboR)7TLFL VI
a—vERAVERREANE (K5) #AVEILETR
H—nBRBIENEERTE . BETRITLVI =V LS
£TROSBESWHMEL, 7ovtzr—0DT7Y
y—Fa—TFIRERLEhTH S, BHiOHREEA
MHRIBERORHS ZRERAM R ORRICEE TV
WA LS, 0, WEOEMISGKOEREIK/ Yy bic
biErLENLTVWE, ZREOFFROSKFIERALTHL
SNTWVWAERFER Yy F ORKL LREFEEREBOS
3 Al-Zn-Mg-Cu 28 L0BHET/ESNLbDTH
b, TN =y LBIBFERK Yy + OF%E Fig. 40 2R 7,

4.7 FZEHEAMR

¥k, —E, MIZEHROMREESR, RERkshT
Wic s, EESERTETHEEL, 1957 FEiC ZBAR S
Baxhif, LALLM, EFEd, MEEKCHb-TL
EHRECEME A THE, FEEHPE -9 —¥A 7

WEBAFRICHE Y, ML U v M KRTUREEA
OIEEIAZN R TW, BADMZEEA —H — 1KED
D 5 1 & REETEBEMEZEE, YSIG&E

DOIZEA A T 105, MEOE TR ~TAF]
T, LEEETHKD 1 TDR, £—4 v 7EOKK
HEZELTHEHEL TE 1,

¥ —4 v 7 O BT6T #iEkoRIE T, Kk, 7075
EMEROVIZZ MY v — @ELM) 0BFRERMT
31:%, Fig dl KRTXIic, RMEEECLWEF
FRITHREZEHSE, MFELOHZES Lics—rv
A vA—22ERCAVWES &L, LALEDNS,
ko 7075 ]R¥M T &, HEIETHEHINI L 12845 1k 7 D%
OIS LB THSFHAA(bDE U T, ZOBRIED Ny
FEINITENMSELT, EHBEDET §2RENH
HE L1, TOHIFINLITbEEERHEAL L VHRD
FFELKD S hic, BigtEgt, FHRAEL, NRLE
FpEStIE E A VRTINS, S2EKBIINE TERRLE 50

Fig.39 Motor cycle parts using high strength wrought

aluminum alloys in a motocrosser %’

Fig. 40 Baseball bats made of Sumitomo's high
strength aluminum alloys

(Cross Section) (Thickness Distribution) (inch)
111, 105" .~ Tape start 305" 100"
SAT 6T 150 21t 37" 54" 657 81" 877, 96.68"
P 50 ty=
l "'—“1_1‘ " t,={:838- - ta=.070" _—1 1457 1
35" i @ t,=.083" | 036" 1=.050 Z
T [ - 25" 125" 35 0] 20.:?3" T
] —fp—ti AtyD- 26.85" 6 167 145" 6 | 16" 6”1 1571
A, Py KR TICTY]
.25 T 12.38" 22" 22" 22" 53"
(.19"at Crush Joggle) (314.5%)

(Fabrication process)

1
| Selutionizing [{ Teper rollng =] Sobtionig | Rl forming |—{ Joggling H&mwr m_]——-—[mrmaa aging |

Ral} "L- L —Roll
Ne¢ control F *@

‘o‘ﬁ\’&\&’

S

Die Movabie roll
N

¢ control

Fig.41 Manufacturing process of a taper-rolled stringer for airplanes %109
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um LT icdmq L, % o%@EEairhaiEic & vt
SEBLET, FINT - B LB TESRA R b A
UV TR ABAR L 219, =FB T3 oM
TR L 7AiM &~ o PBRUCERIEL, ®—4a v
B767, BT ® X b ) v H —ICAWVWB I &N TE
foweaen - Rig, 42 (3 B167 #OIRE ST, v RIS
BlEhntfcr—re—2 b ) v =LEMLET7 L —4&
SRS ) Ny F THEGDSNWTEHETFSLN S, Bif,
1979 £ 12 Bicid 758 RAEE&OHRAE 100umLlLTF
DN A MBI Z0ORIEHE] TRIFEBES 1
1o TOEMBARICHL, 1996 F, =FFHILLHERT
hHEERMEHEEREHEZH LTV,

FAZEBMEI TR EBAMEFH LESOREWAE
23, MESREHMMHETLVI=Y 5L 0HAREWRE
(1980~82 £E) ¥, 7475 &%, Al-Li &&BBHHMFHZR
LB T EOBRE (1983~88 ) *1%5) pHfFL 2R
L7, T 7075 &&id, BNERICX LB BN
H (A 2L, ZO%REBREED WL ISR
[E3E & SBnE R4 175 I T a3V E AW 5 &, 10
wmiEE E THEREMMELT 5, CoMiEEiR Tl
RERS#2 L BEUMNBONE T LS, Fig. 43
RETEI LR TR NVBRIES ico T OB
&ickb, K3RLicoer VT, ERASETIE 4
Bo,re—v, 400DY Ny b TINLT & iz xvic st
LT, 3D, e—y 80D Ny b THILTHTE,
22 +bT30Y%, ERTISH BRBRINLEEBbh-
7‘:125)0

Z Dtk, EELABFEETPEFSEELI L
THIAETEL 2024 AL LRAISOBREET T50ME
SRR 6000 ZAR#M DO BIFE B X VAR + o —EMH OB

Conventional
design

(1993~96 £E) 2128 9013 &b, WM OBER &
BATZ (2004~05 £E, 2007~08 £E) 1201300 g5 2\ [ 1k
BERELE LS =ZFTTE L EBERPESICL ST
RoBEEERF (2000~01 F) ZHLRPFFESY LTE 1o
TS5 LIERHRIE, RZERUATE—9 -4 21D
) s AREEHMP 7o vy -2 BEMHOR
R BQEE (V) 072V 5 -1 EDBYEMR
ERMRIBARS g kHREd S LT,

Fig.42 BT6T7's fuselage constructed with frames,
skins and taper-rolled stringers%10*)

Conventional Structure:___,:7> SPF St ucture
(45Pa 15, 400 Rivets) (3 Pa ts, 80 Rivets)

Cost Saving 30%
Weight Reduction 15%

New design;iintegrated door madel

with SPF beam ond
stiffener

Fig. 43 Door panel model formed superplastically using a 7475 alloy sheet with fine grains
compared with a conventional structure®?,
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AEMRETE, 105 A8LRIMEBAMRORELL
T, RETHHAPTEZ(FEHThTWS, 1950 £,
KETESD IEW Zn A% 35 7178, 7001 &&H56
Fanfohs, WEDH, BEFE BABKRINOES
DPORBIEONILL 1 - 1o £ D%, BIEWMECRES
Btk xm LS g 5mic, RHMO Fe$ Si ZHo L
ke TATSEEMBERE SN, HIcERMOWM, KR
EEARET 5 LDICFBOMI#MNERE (TMT : Th-
ermomechanical Treatment) MSBFE SN, hREINT
WL (Intermediate TMT) & LT, &&EHBoEHEY
EHEMNITHATER I3 & THIBICARSE S
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i, Eal, ESD #EES 3 /ooic Wi [PREE]
(X553.921B) LE3EREILAETHY, [HAEE]
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bEALDEENERE T LIRS, FFEER
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#H& b SEEEBNTT > 8NE (TT7) MRS
Nl 51T, METIHRRAKLEFFLT, BEDTSH
MER L 12920, 170~260°C OETEE ZThHL TE
DHRBU 120°C THRME T3 H5kTHS, ch®xTIT
MEERTBLTWVWS, ThiZNROELRKL THMES
Bichnshd s < & TEELS ¥, RARSTETIRES
103, ZTOROMMEBTHH L THEER T6 LTRSS
BRI TTEMCE BN MNEETH 59,
1970 ELIB S AN EOBEA »5, Cr OBH DT Zr
ZRURERIN L 72 7050, 7150 &£ EMBF S i, &
SIKRETI Zn B RN Bs L 5icieb, ESD
EEIL 8% AINEHi 7055 EWVW- A& BRI N{E

1000
Homogenizing
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Fig.44 Intermediate Thermomechanical Treatment
for thick plates of airplanes 1*?
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REhTws, ChiRREEMOEE L bic, HRIEN
Icb, ME, Wi, &5, BHERINCET IS0
HREMNEOH, HEEmLs 5 Lb0FELREEH
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7000 & &0 FOREEERT, FREEBCHL
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ZrdEVIHEEALERALICREIS Ao, L
L, B, RARTRLIEZRS LiALMERE S LR
EDIR LD H B 18,

R DMERHBARE O NI, #EkL >OEBESH
HMEIOBRE b5 —2 RMZEKRIED o 2 MERbIC
HFETx MK, BWBAREMNSH 5, MRBEARETE, WA
HTBEN TV 6000 RA&LSERS N, KETIE 6013
AeMHRI NI, 2024 AL ICHXTHEYMSEN S /2
Y5y FHERWBELENL L, &5 IBRRBICH
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FMEFHLELORENFE LT, 2024 53&-T3#
IICi 4 3 iRt 7o SeREE 6000 RARM ZBFL,
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Wk 2024-O ATRRIZE L, BEAD L TWIIES, T4
THRIEL, BRIEBRALEL T 2 TESAEEE S, HA
NICEB VT HREENAETEE 2 2 MER & 75589,
CDA&RESR, Fig. 45 1R T &SI, kD 2000 %
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TR OIZHER RO— (LR IEDS TE, By~
FESMARBEICY, Kax b TRIBTE A EHMHES
MEH S0, EBRFBELOENT, SREERIE

6000 Z&%&£d 2013 44 & L T, Aluminum Associa-
tion IKERZEFE N, FOMEHIIKEDMERIER
MMPDS #Bi8 L TW3, EE&ORTF T, sk, V)

Table14 Aluminum alloys for aircrafts

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 38-44 | 0.30-09 0.10 0.15 0.12 0.10
2524 | 1995 USA 0.15 1.2-1.6 4.0-45 | 045-0.7 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 3.9-49 | 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 | 0.08-015| 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 1.4-21 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 | 0.08-015( 0.06 0.08 0.06
7056 | 2004 France 8.5-9.7 16-2.3 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

Pressure deck beam
7075-T6511 extrusion

2024-T42 extrusion
7075-T sheet

2024-T6511 extrusion

2024-T3 sheet 3
2 g F
Integration of
three parts
= +. ¥
w00 | 1559

-
-

Integration of :
six parts

(mm)

Fig. 45 Application of new alloy 2013 extrusions to integrated structures in a pressure deck beam and

a window frame!®:1%3.140)
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Fig.47 Growth, coagulation and annihilation of hydrogen micro-pores during heat treatment of
Al-5 %Mg Cast Material }%3)
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