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Fig. 1 Part of the framework of Zeppelin Airship shot
down near London, brought into the Japanese

Navy and stored in UAC] Corporation 2 *.
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Fig. 2 SS-type No.3 airship manufactured by the Japanese
Navy 9.
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Fig. 3 Horizontal flat mold”.

Mechanical Engineers 1921,

Fig. 4 Experimental foundry and machine for combined clamping and cross tilting of slab molds at the National Physical

Laboratory (NPL)?.
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Fig. 8 Prof. Tokiji Ishikawa'?.
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Fig. 5 Tilting-mold method and cross sections of mold'. (PREALEREEH AR OF—AX—T L))
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40 kg BRI E L THA F N 72AY, 19314R121F
§B 2 AL 280 ~ 330 mm (11 ~ 13 in) MA7IEEHL (110
~ 120 kg) %, FHMICIZE150 mm D 30 kg L F 72
IFEA£230 mm (9 in) D50 kg#AsTEI S, BkK
BALICBAT L7ze 8583 Fig. 100 X 512, S04 &8k
BT 2 DIEDNEH I &M 2 @l L TR 4 128
R SFHERIPNCH AT % Diiren i3k (£) 725 F iR
Rz &M g4 o072 5K () KRS, w
TNH 74Ny =L LTEMPHAVLENT WS, R
JAIE Alcan & i L7246 89 b & BUHF % 410 TR
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Fig. 9 Shapes of profiles and roll forming machine'?.
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Fig. 10 Diren-type mold (left) and the modified-type
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Fig. 11 Layout of reverberatory furnace and molds”.

AV el A}

Fig. 12 Open-hearth furnace, tilting type, for remelting

aluminum; rolling ingots in foreground ™.
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483 mm, 110 kg T, INAREICTKE %> T, 1942
FEEITIE LI 2600 mm, N EE £ A7800 mm,
500 kg#EBSHW LN TV D, ME1Z25S (Al4.5%Cu-
0.8%Si-0.8%Mn) TH %,

1931 ~ 1940 4F 8581 % R jic TINELER, BB A 530
L2y v 7 NICAR, SO TFTEEZ B> SHKL T
WHLZBKR, BOKZ SR LIS L CRM S &2 k5
ZHRMLTEBY, RGHFMPEEFRL 72 MBSO
FOREREBMILAEYIETLRTVWI ETHL, C
NEYRT 57202 Fig. 13123737 X 9 2ok sk
7% (SKS — I3, SKS i Sumitomo Kinzoku Sindosho
D) DB S NIV, Wil & ANz SEIE 2 AEUK
WORIIEAICHETSEEHESELH, KEICALE
TEHAN—F =L KRAT L —CHHHAEL R T 5
FHXTH 5,

232 [EEH

L5 0 FHEFAM L Z BB R R 1, KA B
JEAERE 103, /A0 Ex WERE 1235, AR | oRAG R4 12,
FRFI0IETH 720 TOWNHELZD DIFNEL230
mm (4 ft) JCHEHEN] fE 7 Krupp 1 5 = Be 24 E HERE, 3%
[ Robertson #:B/MEHERERE, F1 5B 13 Rockwell #
P OMEA LRI T ES N TH - 72,

@ Gas burner

Water spray

Water bath

|7

| —

Fig. 13 Casting mold with controlling cooling rate by gas
burner and water spray named SKS-1I type"
(SKS: Sumitomo Kinzoku Shindosho).

SERAMEERIBAETOHHL TV A2 RHL H 505,
ZONBLEEE S RO % Fig, 14178310, a—
VIR Z A L7 < Th Ko, EEAMITIERE
L ORENRL W LV TD 5o FHIRIT T THEF
PERIc X B0 THY, 1931 ~ 324EEHD 60 kg H
580 kg, & SIS ATIAL D70, 90 kg, 1939
ARG 120 kg SFHRASBET S 7z,

BMEEED THRIEY 27V I Y OYf, 500C, R H

O¥EALE % J L 720 B 12, 440T THILE £ 120 mm
Z75 mmE CTHIEL, ZORKMHAI L0 HIHMmEL,
[ L < 440C CEMELE L CT64 mm F CHELET S T
ThHb, TOLME% Fig. 151”7, Z Z CTHEMNZ 2
Lid, A I T ZORESD23HET

TIZEEZ AT

Fig. 14 Three-high hot rolling mill and its principle'?.
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Fig. 15 Pre-hot rolling process (numerical values in the
figure indicate plate thickness) .
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W HCHE & BRI NE L, #E O BBIEE %179
JEIE R TH b WHIELEDOF OEMESE [ 2 EIE | &
FrL7zVo MZIELEDE 2 5%, Wik o & m i
BEDORFEO R THRE S zh I TR O % 2 )7
DFERE %2 b DT, FHGMfkz PiiEE @) (2 X
S THUTIZEES &) S EDTRETH B, Mt Tid
WREEDORDYVICT L T+ =T v 7 LR LT #
EH@MTbNT 77y FHIZOWTIE, $FHOMMmIC
FIEDIE SR L7 e 2 8 L, sk N v FCfiff
DT 72 L BB EIE TR L722S, Z0tk, $hikk
WM % A ST & HE v CHiR o
THCTEHMEIEE S Lz,

¥ EEE T, KA I1E910 x 1830 mm (3 X 6 ft),
1220 x 2440 mm (4 x 8 ft), 1520 x 3050 mm (5 x 10
ft) 3dF OF 121000 x 2000 mm D 4FE 586, /N X 13400 x
1200 mm, 500 x 1200 mm ® 2 AL P T, K
WO H/IRIEIZ05mm, ZIMRIZ0.3 mm TH o720 KK
DOFEHEIZ I B FEIER 660 X 1670 mm (26 X 66 in) 25
WHi, 64 mm (025 in) ZAREREAR % BESH AR AE L
RS i L TS @ c2iAbEICL, 08 mm
FTHIEL. 06 mm, 05 mmAMid3MELQDFELT
Hbo WMANBZIZHMAF V%A LS 3ET, 5k
BIEIZVLEICE L TITo 72 BE10~15 mmDH D
T RTCE—VBIETH S, /MIEMLIZIE, Schmitz
B2 & Farrel #8125 0 /NRIARUE RERE 2 IV 72
707 4 VHFERITIEE 5000 mm (28w, 5IRAG
ELZAaf VT Lzb0bH o7z,

2.3.3

oM E LTIEKrupp AEE21000 b > oAk
JEFR AT 2 C, 1935 4F B IZ Schloemann % 2000
FYIEPRE SN, HFIZEI YT Fe = h0
<, #FHEHENTIRD . FHFIIEESE 140 mm (5.5 in) D
ORI N, BFERIEHE T, ayFFRITX
N—=F—=FKT, FHBIZ180 mm (7 in) D b DA &
N7zo BHROKEM BT Hydraulik #E3600 b > 2328
BEIN, MMEEOFREOIINICMH I, 2013
A, WBOBEE L F OB~ > FLIVEERIZS
Bifia — VA3, 2B 0 — VA2 v Sz,

Vag I MMM oORECHEN I DR
Kruppf# @ 1000 + I T, KE»r%BRE
R UERE & itk 2. 2o, Schloemann f:
#2000 b b NI,

234 SBEEI
BEIIE T O X GMEMHE LTI93046 b =7

—NYR—=DVRREEI NS, EDE, 1000 & ¥ D ERIK
JERE3 I E A7) 2 —TF L AARB I3 F v 7 —
=2 FERE I N,

3. MHBERE

31 FEROMEBERE, P27 I 68 1T
IA

311 BEOE 173>

Wi (19294 8) DERMMFOY 27 V3 v %
Table LIZ/RT Vo DoAS—fICTV 2T I VeSS
T, DIHRH X 13410 ~ 440 MPa (42~ 45 kg/mm?) F2JE
Thb, COMPELANVERZDEEITIEERITS
TRy 20V TN,

R AR ClE HARTHO T LY ICHgeiR 2 ik L
TRBHMZINZ T, Y 2TV 3 VR MR & ot
RHxATHoTELDN, BMHKE (D) HLThs, S
SR L O#® %2 THEBKKRIE L, 2ok
A RFBE LB L TL b,

HARZBWTYH, 1931, 324EEI % 5 & RITHEOM:
BEln iz on T, MEoREON LA TR S iz,
1933 4% 10 H o B FAL A ASIBEATIR (S ~ o> s
(B, WFZe8H No.2270, 1933.10) % [# Duralumin 5
KM= ~7 /= - =& (FE, i, ar
JEiE N0.2363, 1933.12) #A b &, TNk, M
O] Y2 VI rPRENTwLE, ATREELSD
HNEBEEFECTCRE-EBY 2503 Y ELT,
Al-4.2%Cu-0.70%Mg-0.65%Mn-0.65%Si-0.45% Fe & 447,
BOMEY 25V e LT, Al6.0%Mg-4.0%Zn-
0.45%Mn-0.15%Si-0.36%Fe £ 4 O il B B s iy S
TWh, MIBEOE B 25 VI Y idE&Er 4 HZBY
2FVI VT, BEDOEFBY 253 VIiZALMg-
InREETH b, BEOEEIMEESMAIEI O ILH
B (WBEX) FMEQIRRICL A2 D0 TH S ([T HH
YAUE Duralumin #AEICE U CHEEEMIT 72T~ ok
i), A, BFE 5 No2167, 193387) 2 ®
AEMEPEOTIZ, ZFEglEe Y27 VI Vet
AL IR T 5 2 &% AL EHERE TS
W7z,

Table 1 Duralumin based alloys in Sumitomo (1929) V.

(mass%)
Alloy Cu Mn Mg Si Al
Dy 4 0.30 0.50 0.30 R
D, 4 0.55 0.53 0.30 R
D, (Duralumin) 3.85 045 0.53 0.30 R
D; 2,50 - 0.30 - R
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312 #HROERAE

M 113 19334FE8 H 22 5 1934 4E4 HIZ T T,
ML S 19354E 10 H 2 5 1936 4F 4 H KK AR T
RUMEEHT VI = 2880 aE0ME%iT-
720 TOBFEFELTE, THVIZTLAEETIIKET
MERHOBY 25 VI VYA HAEEOREN
LOEZEH>TWAZEILEBbDERDbRE, 1K
SE L - iR IR S - B L oWmd, TR
KITHNT B A2 IESR A 4T 19Tk, HEEoik
W [ TRmMoN  FZH oM O % % Wb 3 )
Yat ) AroEEHEE LTHREERD, TR
Tid CTHIHEET, MIZZFREICB L CBRICE L v, B M A
VIZRTRT =) Y oW L LT E DR £
PR MU O AT S BAIEER] EH b, &
I L7k o, HIMICHeR 2 HEE L T& 72,

FAVIAT 2BEEIZOWTIE, [ZIEM K4
DA TII VDS, FIZEARIEBET VI =T 25648
LTCRKRE LTV 29V U WIROTEHEZ TRoT
Wi, PEL DS, BRI 440 MPa (45 kg/mm?)
VLB, HR1ER< AIE490 MPa (50 kg/mm?) L ED
DRBALETHEILBY 29V v OBIRENEATD
%1 &%, Direner Metallwerke A. G. TIZfERDOBY
25 )3 ¥ 681ZB (Al-4.2%Cu-0.9%Mg-0.6%Mn-0.5%Si)
& ZDREE10% 1M L & 472 DM31 (Al-4.2%Cu-1.2%Mg-
12%Mn-05%Si) E#THBY 25V VAEEEREL
TWb, KENZIAT AEE4TIE, Alcoa®DFlFI242
HbHHDT, [BESROIEHTREIL24ST L U24SRT
Thbo €O AI-42%Cu-15%Mg-06%Mn T, =
NHEO7Iy FHdbdHs] Ll LTw5, EETIE

RR56 % RRS9 D Y 2 b ¥4 Z 34 L T\ 2%, Table 2
XK A [ O GR ) s B R 9101

3.1.3 XE24SDIEHERE

1933 4EEITIT KR E D 24S G DTEHASA - TL B &,
FRIGHEEMERL» SO [HEZ]SH Y, 9AL
AlcoaBD24SRTM 2L LT, 12ZAICIRAFLTC
ZHEMERAE 24T > TV do 12 A D KREE “24SRT” K
BRI (B 130 ] (IRH, WFZE#i No.2381, 1933.12)
TIE, BB LT, Al-3.98%Cu-1.59%Mg-0.46 %Mn-
0.16%Si-022%Fe T, [EETRE L, @OV 2T
VI VKL, (1) MgOEOIERITKEDZ &, (2)
SiomDO/NrHZ L, (3)FeDmn/hizb Ik, (4)
BROBS L —3en 2k, %T, Mgl AIRREIC
BIF2G5IRMS, BREEBL, MOz b8y 2%
BEHTHHMEVECZORBERM L2500 Lid
LTWa, 4SRTHIIRERDOBY 25 VI v XD b,
Mg&D% <, SiIROV LI M TH o720 AT
L 728 BHE 5 [5R56 % 470 MPa (48 kg/mm?), [if77390
MPa (40 kg/mm?), HU16% Td %A%, SR a1 %L
BB D/NS VT ERFHEINT WS, THIEIBEAN
BEREEZIT) CETWAN LA L228128 50
DEEZ BN,

314 ETAFTE 1INV IE%

Alcoa B 24S AT L 7212 d 222 b 5§, 19344E2Y
FroffedtE 2 AR, LTI, N4 v D681ZB
R DM3 A EFARICHEANBRE LT 557 41 FBY 2
TN Y DPWRMBONLTHY, MROFE—FEY 2

Table 2 High strength aluminum alloys in Europe and USA (from the review of “Aluminum alloys for airplanes in

Europe and USA” (1934) written by Dr. Tanabe'?).

Yield Tensile Elongation
Cu Ni Mn Mg Si Ti Cr Streghth strength g
MPa MPa °
3545 09-15 | 09-15 0209
- *1 -, - -
Germany | DMS31-1 P 17 | 138 06 310390 | 450-510 16-10
DM31-2*2 390410 | 490510 12-10
Germany | 681ZB-1* | 42 06 09 05 270330 | 410450 18-12
681ZB-2* 350370 | 450-470 12-10
USA 24ST* 42 06 15 290 450 20
24SRT* 360 470 13
USA C17ST 4 05 05 125 340380 | 430480 14-8
France Avial 1535 | 05-15 0.25-1.0 05 0510 | 290370 | 430-530 20-10
Ifrfte;; ngﬁlszl: 3547 04-15 | 04-15 | <07 | 0715 340 >430 >10
Great 1530 | 05 04-10 | 0815 | <10 | <02
Britain RR56 2 | 1513 08 | 135 | 06 | 008 380420 | 430490 20-10

*1 -1, T: quenching and aging at RT

*2 =2, RT: quenching and aging at RT + cold work at RT
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F )3 % SD (Al-4.2%Cu-0.75%Mg-0.7%Mn-0.7%Si),
F 72SA1 (Al-1.2%Mn-08%Cu) Z#E L7-AbEi %
SDC (Super Duralclad) LT, Th b4 z2HN
THIE L7ZIE2 ) T, ThEDOBEEDOF i ZE 547 -
Tz, fillE S N7z IEIZIHAE TR Vw25, SDC D4R
W EHREZTHD THEDLNIZDA19344EF9H 8 H D
WE2L S TH B, 193448 A 31 H i H AL 22 Mg 12 T,
SDCHIZEA DB SN TWADS, Z 2 TOHMD ik
DETAFZBY 29V 3 SDC, 440 MPa (45 kg/
mm?) ¥ 2 F VI AR ORI & AR T ok
B RIS oW T TH - 72 ([SDCHFgEaMN] 8 H
31 HyEFEATZ2M), WFZEHis No.2731, 1934.9.18). 1935
2R AT o BF e i (AR L F 28 5 No.2965,
19352) # A5 L, [BF2I5 VIV EBF2IVI ¥
77y B2 BMEA=FR TN, & =, FEFEA KA
THERM LT L, BEIT N, REE=, R
JBMEREAIET L, BFLINVI s Ty K BKE
W7 FEA ) ETT Vo 5F b T REO24S KRG
& BEEMT VIV r ks 21 Ed by, SDRY
SDCHMEHIE DB M AFE LN TS, WABEE AR D
CipHE L BEE TR Y, WHEILCu : 354.5%, Mg : 04-
1.0%, Mn : 04-1.0%, Si:04-1.0%, Fe :06% L. T T,
B H (X Cu : 4.0-45%, Mg:10%LL T, Mn : 1.0%LL T,
Si:10% LT, Fe: 07% LT TH b, 7T v N OBE
Aald, WE, BEFEEBICHLET, Mn:1.0-20% Mg:
04-1.0%, Cu:025%LL T, Si:03%LL T, Fe:06%Lh
TThb, LM, KED24SIIZ OEFEIZLZ L
Cu: 364.7%, Mg :125175%, Mn: 0.3—0.9%“6&)790

3.1.5 24S DO FHMEERiRE

LA L7255, 19354E5 H 2 5 DN o #
HaE, T3BXUTICEEDRBAEAME SN X
I bo [HER, SDESDCHR=AT v 5, a /s
HUgih 7, #BcsE T3 (1ek, SDaYMg% ) it
—Z RN ANV TICH , BRI Ly | & D
% ([T3RT3CHK =37 (SB1H) ] R, #rgess
No0.3200, 19356). {EKBEBOERENFAET . T3
& &30 A O K 4 13 Al-4.14 % Cu-1.36 %Mg-0.68 %
Mn-0.14%Si-028%Fe T, ¥ XIC24SHEE&TH 5 (RE,
F7E#H No.3202, 1935.6), Z DGIA S, EKITEBY
2T VI VICHLTRECHREWSZ L LR D, B,
MHAMETEDO S & TRIELZ LTz HE K KA
TIX7H 3L B o e [ By 2713~
FHOV ] (WF2e#15 No0.3306,1935.7.31) TR D & 9 IS4
LCEHBO Mz RRTWV 5,
Y2913 vicid, KILT, Al-Cu-Mgs,

AlZn%, ALMg%Asd 575, MO T34 E
7D DIX ALCu-MgRICHELN TV 5,

2)%ﬁ®$ﬂ%ﬁ%%ﬁ~ﬁ#4*ﬁvlﬁw>y
DT L) IBEANBER L &2AT 9 356 L 52BN,
Cu, Mg#x E528ms L, L4 Midss
%50, L)EWIRENEONS,

3) KED24S13998% D X 9 w4 M H
HICHZ 2EMTHRELZDDTH S, KBRS
LG RVD, HEABINEZRHT 2012135
Mz Fo, RETDH 24SI3 &Ml T, —Mp L
LTHRASDEEE - D D27S (Al-45%Cu-0.8%
Mg-0.8%Si) ZERH L 7= TlE R\

4)ZFIHEE->TH, Mgz ls% FTLhiF-2&id
TNATOEIJNRERE LR P EERE S5 05%
Vo ROT 2L Fb T ATV I Y DOMgEDH
PH%Z 02-0.7% 725 02-20% & LIFCTwa, R oK
BIKRHFRIEHTH- TlI RS Nk, Sl
§13w=yu$7u—,%7u—®$%‘b
AlLCu-MgBEIZL - THR X B R XIIFEEICTHE
b BHHL,

5) AL, FRENE, 4SSO, N 45
DFEBIE L, KEMAO VY%, 4L1IE56<
EDLRETIED D T Ve 998% M4 D ADSE
Mz TBEIE D T Hh, WEDLILRDHT,

6) Al-Zn R, E&4 (857, JEE Rosenhain 23F%E,
Al-20%7Zn-25%Cu-05%Mg-05%Mn), Scleron (Al-
12% Zn-3%Cu-05%Mg-0.6 %Mn- (0 ~0.1) %Li %),
Constructal 8 (Al-7%Zn-2.5%Mg-1%Mn-0.2%Si% )"
G EREANEEE LT, $CICHEEOEWE o
TWaY, Hilik L CTAEMBETRETEE VD,
ATHREEFER D ALZn-Li R & Dk S 72w
LDOTHbD, Al-MgHR b AN EAD Ll
ﬁu%éwf,ﬁﬁ%ﬁh%&#%fJ

BRI, AtEBEEoOBL Y2503 v off
JehaFE %%®%E%ﬁbt8ﬂwﬂﬁﬁﬁﬁﬁﬁ%%
DR (No.d) | (Wi No.3326, 1935.8.10) A3 TT <L
%o
MUSHMY 27V 3 55 24S120aH L 7238 50121,
BRLALELEDOZLETIAMSEL DI LR, 14S
FAMTOTHMT 572012, 24S-T3IZHARTH AN
SR T ERNABENEDE LD Lo 2RI TO
MDD o 720 LD L0 HHEKAE T 24S RIS
AN o7z0ld, Ky, ERELTEET VI =
TAEMES T EDHFEE SNTW22s, BARISHAS
TVl O+ Hia R W5 O WA 5 & BB
LZEET VI = 2 HE IR DL WIED B
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5721819, 19354E, BEORBEICHAT VI =T 20
TR FENICEM LGRS N, + T v FHE
Y VBNPODOR=FHA MBAFTEDL LI LT,
AW O REIZ AN S Nize L L, 19404E5 H 124
TN R=FHA FOREEA#E L LD &
&L%o T, HAREDLINAELE & 2 ) KRS 1228
ALZZEEDRTNAE D2,

3.1.6 24S DI¥4EE

BANBER LBOMY 27 VI Y SDEEIE, Z0%
2SI b B Z & & o 7202 AR AN OB SRS
HORENHIE, ERBESBRERICHD X % [24SH
OLFALOWIEICHE Y, W10 (19354F) 4 H 2 5,
ZFRICHII L7 L2 D050 57> 72h%, 245
WY 29V Y T31ESD, ZO&bETICIESDC
EHENDL X IHITHR o 7o SDCO B # 1XSA3
(Al-15%Mn-055%Mg) 54T, M7 IV I =T A Z &
L7z Alcoa ® 24SC & 0 R ED bR E o 72V Y,
MBI IOV TIE, FRIF19244EE, Krupp #L#
1000 b Y AEROKESIRHE 2 AT, —A%50 mm, W
JE3 mmUl EDY 2503 Y LEEM ORI L,
NIVEHERE (BR) oK BB D 70— b /M Sz
DOPERLDIRH E SN TV 5, 1928FEZENH 5
MBI T2 B L T L RO —HDARTHE
Wl o720 BRFIKRLOBIKZ/E D ELE & il T
LUF72& 9 TH 5B, 19354F, Schloemann L2000 +
RERUKIEA B (BB ARk S hize T2 e T
ERDOY 2.5 )V 3 SD (24S) 1%, 19364F, &4)EH
IR B o Ju N A LB (Fig. 16) (SRS
FHRSERROTFEENEZMZ 5 L1k o72,

Fig. 16 Mitsubishi Navy Type 96 Carrier-Based Fighter
adopted Super Duralumin for the spar of main wing.
(http://www.mbhi.cojp/cats/airplane/photo/
presea/96sento.html)

4. a2 BTNV COERHAE

HATRAEINSY 250 3 VORI, 19214 (K
1E104E) 9 HICAL e R EEZ O b & THE & 17> Tw»
7AW R L O BB BRI TH YD, 11 IS
W, LA 2 HT L D KA SCR BRI A3 L 43 il TR
BELVIILEBEHCTHELZ, BESL V) A
LN DIXINARMNTH %%, NPLA19214E8
HAEERMF S TEAERY &4, AlMgSid4% il
HBLAOLIZIEFABHTH L, EROBHRIELRL
72D MEE & OWERFFOBIRTI925F I > TH D
Thbo WHFHHELIZE X OKHF—R#8EOH LIS
IR X N MR RE AL 28 D S8 I Tl Rl L 72 4E R
% Table 3(Z7R9 2225020 e L OBFZE CTldZ <
DHARAIZEE DIEEL TV E I Ldb b,

CZTIFBY 2 VI VoMRICELT, £ELT
KO HA SR A & E RS OV HIZ & DO %
b, LD, MKIXFELE (18924F) wEFhThH
%o

AR 19374, [MEASR T3, Mot 2
[T 2903y "SD" KT 2507 Ty K “SDC" 12
BTl E2WMELTW5Y, ftNoORfZEHREHEZ L2 L,
e AR 1935 AT DTV B, TR, KA Y
2TNIVELT2USIHEZY > 72EHTH %, AR
A 12998% M4 & L, Mnii206% & %L T,
Cufk, 24~5%, Mghi#% 05~ 38% L2 L&+, 505
~515ChHKBEANZRT HIKERY L7z & E D~ v
7% Fig. 17\R7272, Zo» 5, Cu, 41 ~ 47%,
Mg, 12~ 1.8% CTHI#EHR S50 kg/mm* 2 HN5 2 &
iRy oY AV

HABKF OV FHHELIZ (Fig. 1875) b, 19254FLH,
< T AT B GEALRGERRHRE ) L LT, RE
K OWEEIGD =AY, TOHFE AR T AT T A
ZTETBSTHIMZ D ODTICA D OB IR
TR L7222 & 2R RTW 50, ZoYR[ Y2
TV 3 Y ORRIOJEKIE (NPL @ Gayler 223 5 O %%
T), ALCu& MgSit W H L&MW IZBRL - b
DEEZBNTWIz, HLOEMEIZ L 220<, Zoit
BTV I =T LB L T2 b OPRRIZ L 5
THHT 2 BB A AL S, EfELHEN TV,
L2L, EBEALCUDAZEZLT VI =T L8648,
MgSinAZEGELTIVIZT A4, ERVBEAN
LCHIRTENZHE N Lev, MgSit&oaEE
RERELWLERE RO TH B, A G DAL
EWxEEALREC, £ LTHERTHLZE Lo
SRR CThR O Lol TVIZTLA, ITA VT4,
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—VaINIVhLRAY2TINIVET- EZN) HRICBIA V250 Y BIXOBY 25V X Y Of%EE X RIS 0%

WO=ZTREE DL, EHLTY2INI DX
ICHIRFFRN DS e e DA, T OREMICE X B X9 B
B o7z] OT, 19344 EUREX O FE % FFH L
72, [ZORRALE P T REZTLAWIIS &4
BEGb 2, ZORBEFUSORORKNE 232 L

BB L7 EBRRTWE P,

ViM% E H AR SR =R 58 154515 (1937) 12T Al
EMS L ED AlLCu-Mg- R A EDIREKIZH T,
452512 [Al % £ & & 5 ALCu-Mg- 2 & & DWEE)
ALICERC) 2, M7 5 [T 25V 3 v offge (4

Table 3 History of the research on the age hardening of aluminum alloys (added to the tables made by Prof. Nishimura
and Prof. Obinata)?" 22 %) 26),

Year Researcher Research topics Reference
1906 Wilm Discovery of age hardening phenomena in an Al-Cu-Mg alloy Metallurgie, 8 (1911), 225.
~1911 (Duralumin).
Merica, Age hardening in Duralumin is due to the solid solubility of .
1919 Waltenberg & Al;Cu in aluminum. Precipitation of Al,Cu caused age Sci. Pap. Bur. Stand., No.347 (1919),
. AIME, (1919), 913.
Scott hardening.
1921 | Jeffries & Archer | Proposal of slip interference theory. Chem. Met. Eng., 24 (1921), 1057.
Rosenhain, Determination of quasi-ternary phase diagram: Al-Al.Cu-Mg,Si. Eleveqth Report of Alloy Research
. . . Committee, J. Inst. Mech. Eng.
1921 Archbutt, Hanson | Age hardening of Duralumin was due to the change of solid
& Gayler solubility of Al,Cu and Mg,Si London, 26 (1921), 321. J. Inst.
2 2% Metals, 29 (1923), 491.
Special intermediate state () before precipitation caused age Science Report, Tohoku Imperial
1922 Imano hardening of Duralumin because no change of crystal lattice University, 11 (1922), 269.
by X-ray occurred during aging hardening. Research of Metals, 2 (1925), 13.
On the research of Duralumin and
. A kind of internal change of solid solution caused age the hardening effect of single solid
1925 Sugiura . . .
hardening. solution alloy by quenching and
heating at low temperature.
Reports of Aeronautical Research
1928 Goto Hardening was due to lattice distortion caused by the change Institute, Tokyo Imperial
of atom displacement to nucleate compounds. University, 39 (1927), 271.
Alloy Theory, (1929), 267.
Hardening was due to the lattice distortion caused by the
1929 Gayler & Preston | precipitation of compounds. Lattice distortion estimated by J. Inst. Metals, 41 (1929), 191.
precise X-ray method.
Age hardening in Duralumin was due to the lattice distortion| Research of Metals, 7 (1930), 343.
1930 Honda & Kokubo | caused by the movement of solute atoms in the supersaturated | Science Report, Tohoku Imperial
solid solution. University, 24 (1930), 365.
1926 Schmid & Denial of precipitation theory because no change in X-ray was Naturw1§s., 14 (1926), 930. .
- . Metallwirtsch., 7 (1928), 1329; 9
~1930 Wassermann observed during aging.
(1930), 421.
1930 Meissner ggelxigei(;gment of silicon containing Super Duralumin. 681B, 7. Inst. Metals, 44 (1930), 204.
From the result of measuring the spread of the width of the
Hengstenberg & reflective line during aging of Duralumin, it was presumed
1931 Wassermann that the solute atoms gathered locally in the supersaturated Z. Metallkunde, 23 (1931), 114,
solid solution.
Wassermann & During the artificial aging of Al-Cu alloys, the intermediate
1935 J. Weert phase (tetragonal) prior to the precipitation of Al,Cu was Metallwirtsch, 14 (1935), 605.
: discovered.
Journal of the Mining and
1936 Determination of Al-Cu-Mg ternary phase diagram. Age Metallurgical Institute of Japan, 52
~1937 Nishimura hardening of Duralumin was mainly due to the change in the (1936), 381.
solubility of S compound. J. Japan Institute of Metals, 1
(1937), 8, 59, 262.
1936 Toba The effect of Si content on the aging properties of the 24S Furukawa Electric Review B
based super duralumin was investigated. (1936), 1.
In the Debye-Scherrer photograph, the interference line of the
1936 Fink & Smith intermediate phase was observed, and the new phase was AIME, Met. Div., 122 (1936), 284.
named @' for the 6 phase of the equilibrium phase AlCu.
1937 learashi Relationship between tensile strength of Al-Cu-Mg alloy and Sumitomo Metals, Technical
g Cu, Mg content was clarified. Reports, Vol.2, No.10 (1937), 991.
Intermediate phase appearing at 200°C had a plate shape
1938 Preston parallel to the {001} plane of matrix. Aggregates of solute atoms| Phil. Mag., 26 (1938), 855.
were discovered in the early stage of aging by irradiating Nature, 142 (1938), 570.
Al-Cu alloy single crystal with monochromatic X-ray.
Aggregates of solute atoms with Al-Cu alloy were discovered
in the early stage of aging using X-ray small angle scattering
- iggg Guinier method. The change in the early stage of aging was the ‘I]\I?};ge’lvl[gaﬁgg%)igg% 177
formation of GP zone and week age hardening at high ) ’ ’ ’ ’
temperature was the precipitation of intermediate phase.
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Fig. 17 Effect of the content (mass%) of Cu and Mg on
the tensile strength of Al-Cu-Mg alloys, from Dr.

Igarashi’s data in Prof. Nishimura's textbook (Fig.

1 8) 27)729).

FLI=r e s

camarann . cnes

i HE AR

Fig. 19 Ternary phase diagram of Al-Cu-Mg alloys

devised by Prof. Nishimura ®* %,

1D Y2 TRITICEREL T b, 1U414EICIEIRS
DO HES ANT, [TVI=y s HA%] (Fig 18
F)ZERHLTWSE®, ZOKRIZTVI =T LAOEHED
LB KTV = AEEORBRE MY, ik
MOINL (RIEALHE, %) £T EE»SDLID T
CEPNTWVD, INEZTEKICD), — A THE
SNTWT, T I= T AL TRIAVEL2 S - 72
LHEREIND, COMLOLSIZHEEREEM 12D
KtEnTWwb, TORTE—BEZH VT[TV 3
VEBY 2N Y IZOWTER L T\wA, Fig. 191
ViR Iz DR ZEIC & > T T & 72 Al-Cu-Mg % = JeIRREX
Thbo Cu: MgDEILELZ 72FEBEIT, ARG
25 ALCuB L USILEW O I T 2 KO &4 T
IR & B L DOE G AR E L, Cuid% & £E
# L35 EMgi05~ 1.0% % &t A0 I EL
OEENFL, MgEMN15 ~ 25%EZHELAETIE
RERDAEALIC & o TREEE AN IR A ISR ET 5 2 L 25
M L72®, SiOFEEIZOWTIEFig. 201272,
Fig. 2013V % 0 FH ITHW S N2 d B Lo 5
TATROT =% 5% & LAHER L 72T500C, 304
mEdRBEANL, THROGIREETH 5, SIS E
FND EHFIMERNZEOTIRBS MBI 55, ©@
TagNIVIISINELEENDL L, MeSi T
%720 SALEW & R % Mg m A5/ LR b3 Fl
EINTL %, SALEWIZTSHTIZALCUMg & KiL &
NnTwns,

SH%Z R L Al-Cu-Mg R & a DRI M BLR % ]
L2 LIIHMERORELREHRTHY, BEROEE
FOLRNVOFESHRLIZLDTHS, LLLEDVS
ol Lo, WREE, AtEEL BPRKLRED
M-I NG AlcoadD 24SHFREEIN-HB DO LT
5o

AP O Fe DHLW LM SNz, HBELDD
ETBY 27V Y &L T HERKIZTRR O
L RIS HHOMIK A 2 EERMEE 2 -TL B L
LC2USIIHT 2B 2B L72%, 998% DT )V
ISV AMEEHVTEEE 02~12%, 02% & I12%
LSR8 ZELICE D 1 mmMUS LT, 475~505
CCLIRERMEL U= IR S & 2Rt o gk S &
O'% Fig. 211§, $AHR 52 &L THIRE S S
BIETFTT 5T ebh b, ST 22 & TAI-Cu-
Fe RO PR AT A8 L <, SoORERT O
HEmb, o DLEWIZEMRICLIE TIEHFEE 3
WCHEELMUDETOERKNE D 2o TWwd,
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%3 500 Tensile strength 40,0
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£ 400 350 <
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% 300 o Yield strength 300 'E;
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:% o....,..E.llongat.l?.n.“.".. =
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= 0 02 04 06 08 1 12 14 16

Silicon content/%

Fig. 20 Effect of Si content on the tensile properties in

Duralumin (Al-3.7%Cu-1.6%Mg-0.55%Mn-0.24%Fe) 283,

500
< Al-4.2%Cu-1.5%Mg-0.6%Mn-0.10%Si e 475C
& 430 on]]
% —a—485C
g 460 <ok = 495C]|
§ 440 : —505C
2 420
& .
S 400 = 2

Aging at room temperature
380 I I I I I I

0 02 04 06 08 1 1.2 14
Fe content/%

26
o1 [AFA2%CU-L5%Mg-06%Mn-0.10%Si o 475C
—a—485C
XK

§ 22 ‘..q oo 495C
£ 20 —e=505C
<
S 18
[=]
= 16 =4

14

12 | | | | | |
Fe content/%
Fig. 21 Effect of iron content on the tensile strength and

the elongation in 24S based Super Duralumin
(Al-4.2%Cu-1.5%Mg-0.6%Mn-0.10%Si) *.

5. bWIC

C DERDOEAN, 19064ED T 2TV I ¥ DFEYILL
th, 19314ED24SH Y 25V I VB £ T254E D ERH
RELTVLY, Mg CICHBETERP-7DTH
By V) EEM AR, B S ARMITHE W)
ZANDEBTHEITICRENR ) O ZET S 2
EEZTD SRV TIE R WS, Wilm O 4573 8 )
EID, b oL VWEE R EERRT 5 DT3B

DHEMHETHIET TICTHITI LH I TR
WL LIS EY AT T L DOREEZT
B ST TAHAL I EIFHEDI 2 TH T CICEER
THIEFNAEIETHb, BRHEIDEII BRI ENT S

IZTERDP572D0 Gayler 5D MgSiDFITK &
ZUETHY, V2503 oI ALCu & MgSi
WX 2boL TR, R osEE R Bk & 23
ZORHES TIT-> TISHED & ) HEEMFICE
Mo 7S, THERO X527 A RAEMES s &%
TERFFEIL 2L 2200w ST RET I
BT hholzonr, BRROL) B4 FEEE
ATFEBIETCICTHOTEEHICERZ D, HROW
JeH, PED FRCkoBIcE Sbhi &k )
b2 %,

TiZAlcoald ¥ 24SVHFE T E 72D D % HIAEIC D
WA ZOMWOEZIZHERELO#Y 25V
I VIO % 7z [RE 0 24513 998% D & 9 7%
AR A S H ISR 2 ERCREL 72 0T
HEHIEVIXEOHRIZHLER S ThHhODLIEROH
BTEIAMY AL THREE L2mERM 2 I3 2
EDRTELDo72H, AlcoaRFlsE LzEMiE 7 L3
S AMEETH WD L TRBEREEOMY 25V
I V2USHABTEEEZ LN D, 19194 Alcoa®
William Hoopes!Z & D s SN2 =ZEEMEICL 55
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