UAC] Technical Reports, Vol4 (2017), pp. 112-122

Technical Column

TIVIZTLENE -Ja2a50I v

History of the Aluminum Technology from Duralumin to Extra Super Duralumin (Part 2)

Super Duralumin and DC-3 Airplane *

Hideo Yoshida™*
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Fig. 1 W. Rosenhain " (left) and the title page (right)
of the book, “AN INTRODUCTION TO THE
STUDY OF PHYSICAL METALLURGY" written
by him (Photograph of Rosenhain reprinted from
HP of NPL by courtesy of NPL).
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Fig. 2 Title page of the book, “ELEVENTH REPORT TO
THE ALLOYS RESEARCH COMMITTEE: SOME
ALLOYS OF ALUMINIUM" *.
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Table 1 Tensile strength properties of Al-Zn alloys (From the 11th Report to the Alloy Research Committee) .

Extruded . YS | TS E
Alloy No. | Zn Cu Mg Mn rod Process Aging (MPa)|(MPa)| (%)

Al-Zn-Cu alloy WI88 | 25 3 1.25" As extruded 352 448| 16.0
W236 | 12 4 15" Hot Rolled —0.875" * 108| 292 220

W235| 15 4 15" ibid. 257 374| 170

W240 | 20 4 15" ibid. 318| 426| 14.0

Al-Zn-Cu-Mg allloy w191 15 3 0.25 1.25" As extruded 329 432| 170
W193| 13 25 05 1.25" ibid. 263 395 19.0

w191 | 15 3 025 1.25" ibid. quenched 450C and aged 335 482| 220

W193| 13 25 05 1.25" ibid. quenched 450C and aged 286 442| 220

Al-Zn-Mg alloy W194| 15 0.5 15" Hot Rolled —0.875" * 287\ 377| 250
W194| 15 05 15" ibid. quenched 500C and aged 215 377| 280

Al-Zn-Cu-Mn alloy W241| 20 25 05[1.5" Hot Rolled —0.875" * 329 419| 16.0
W241| 20 25 0.5]1.5" ibid. quenched 350C and aged 210| 426| 21.0

Al-Zn-Cu-Mn-Mg alloy | W242 20 25 05 0515 Hot Rolled —0.875" * 366| 459| 15.0
(E alloy) W242| 20 25 05 05|15 ibid. quenched 350C and aged 1.5h 259 459| 20.0

w2421 20 25 05 05|15" ibid. quenched 350C and aged 5d 508 584| 12.0

W242| 20 25 05 05|15 ibid. quenched 400C and aged 5d 334 629 9.0

* Grooved rolling mill shown in Fig. 3 was used for hot rolling of extruded rod
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Fig. 3 Grooved rolling mill at National Physical Laboratory (left), and gas-burners for pre-heating grooved roll ¥ .
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Fig. 4 Portraits of Merica and Jeffries drawn by Professor
Nishimura ',
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ZHETHL, EBEITNVIZTLADOERET VIS B
LTI =T L OBEH, BEHREITNVI=ZTLET
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THE ALUMINUM INDUSTRY
IN TWO VOLUMES

ALUMINUM PRODUCTS
AND THEIR FABRICATION

BY
JUNIUS DAVID EDWARDS
Ausistant Director of Researsh, Aluminnm Company

WITH THE COLLABORATION OF A GROUP OF EXPERTS FROM
THE STAFF OF ALUMINUM COMPANY OF AMERICA

Fig. 5 Title Page of text book, “THE ALUMINUM
INDUSTRY IN TWO VOLUMES, ALUMINUM
PRODUCTS AND THEIR FABRICATIONS”
written by Alcoa researchers”.
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#7i3 Commercial Alloys of Aluminum 3 [ U <
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ME2 S AlcoallEONTE . TNHOHE D L
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F#7Z A 4:17S (Cu 4.0%, Mg 05%, Mn 05%) % € D4
WZRAE L 7228303 0 Alcoa ld 55 0 s 3 % RATHR
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L RMEIDI. THITH L, BHERR MIT &2 5
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Worrbe MEESHITHLVERETTHEIT 5720
WIE, SOIHEYRBELEL 72,

234 Alcoa, #Y 173> 14SHEA

AlcoalZ17SI122WTC, FA Y H#kau4 Y1) 743
PN DOERR WA R EEE O & v, G4
DR EMREICER LD, HREDHTL Y 2T
VI VORER S LI EEE2n L v ZERIE Sk
& TL o TR, 19254ED Alcoa D R. S. Archer
L 7. Jeffries®f3ETH %%, P8 51%, Siz05%LLE
WY 2 BRI TY 2903 YV X ) BWRENES

—"r:\-ﬂfffasim Zone---

/78T
\LH@& Purity Aluminum
Q0035 aoo35-
| 0064
Frao. 84.—Fourteen-gage Alelad 178T sheet. A new eorrosion-resistant
product which consists of a heat-treated aluminum alloy base with a smooth,
dense, non-porous surface of pure aluminum of uniform thickness alloyed and
integral with the core. FEtched with 1 per cent hydrofluoric acid. X 50. The
miecrograph shows the full cross-section of a l4-gage (0.064-inch) sheet. The
alloy base is deeply etched and the intermediate diffusion zone well revealed,
whereas the pure metal surface has not been appreciably attacked by the etching
reagent. The intermediate zone between the pure metal and the alloy base
results from diffusion of the soluble constituent, CuAls, magnesium, and silicon
from the alloy into the pure metal during fabrication and heat treatment, and is
elear evidence of the integral eharacter of the product. (Diz and Wilcoz.)

Fig. 6 Diffusion Zone of Alclad 17S and its description ”.
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NEZZEEHPEL TV L, ANERZICLIETEY 25
VIV (A=28—= D2 T3 V) &) BFRIE 19274,

KE DO (ASME) D2 ) — 75 v FO#HAT,

7. Jeffries 25 [iE5H & 370 ~ 430 MPa (38 ~ 44 kg/mm?)
DN HETNVIZTLAEENTE, TheyaIn
IVEVWIIEBRTRELZODPRNE SO TSP,

Alcoa 19284, 14S (Cu 4.4%, Mg 04%, Si 0.9%,
Mn 0.8%) % BI%E L7z0 BEANBER L (T6FRE) THIk
i X 485 MPa (49 kg/mm?), fit J1415 MPa (42 kg/
mm?) P SN2, MOA13% &RV T, B &
LCTEDHBERTE SN0 0D 0 Yg 4
AFZEEALEBY 2 VI VEETAFERBY 2
INIvERLTWRY,

235 Alcoa, 8 17JL 3 24S HBH

14S12 &} L, 24S (Cu 45%, Mg 15%, Mn 0.6%) #°
Alcoall X - TI931 4SSN, Y2 T3 YD Mg
HE15% FTHMSELbDT, GrAEBY 2TV
IUVHPANLTRRNZLEL T 50128 L, 24SI13 = R
MPEZFTY 2TV 2B MEIET LMD
o TNEAUSHBY 25 VI Y ERRLAEY, BT
BT 23 v En) L 2USEIRTIENL WV,

17S R 14S DAEFED & 24S~DEFEL, < 7 A V7 L%
1%IEME 7272037225, WER L Y HEEICR D, 20
HBerRET 5123, B, HEDB X OTEER O
BT o72 8 ] A Nock, JrddiB_Twz %),
E. H. Dix, Jr. & F 72806 O BE IR K EETH > 7227,
BRI ARAKEPICHECTHEETE L L) o2k
BTV, FHE D ERITE» 57285, WL
ZR MR O A RE R 2 10RFIC L T L 72, 2
WO DEAMOMEAIATIMA T, FEIZURFEEEY 2
99.5% DM AR L Alcoa AS LIS @ F v 99.8%
W& ZMiCBETEL LI 722 L OBKRLT
WELOTIERWhEEZ TS,

24S-T313, LM THIRME S 485 MPa (49 kg/mm?),
it 77 345 MPa (35 kg/mm?), 0N 18% T, 17S-T4135 [k
5 S 430 MPa (44 kg/mm?), it 280 MPa (28 kg/mm?),
HON22% T, 17SICIE~IE I 5323% w230 T3F Y
TIEEIER R 2 BEANRTPID 2 VWIFESE S
WHBIED 5 WIZERBIS ) 2 i /MRICT 57291215 ~
%DEMM LA T2 THEDMETS, OGS
WEEREATE W 7203 CIT17S-T4 2o T o 7297
ZLTEDZ T v FifAlclad 24S-T3 I3 RE B D itk D
MEE L TwELRBEDLDNLTWD A, ZORYDORLT
#2sDC-3 (Fig. 7) TH 5V,

DC3IEDC2ICH L CERZSHIE LA, £

Fig. 7 DC-3 using Alcoa’s Alclad 24S-T3 for the skin of
the fuselage (http://www.boeing.com/history/
products/dc-3.page) .

JEMAELIE D 3% 1T L DMICH X o 720 NI
DT A A ERE DM 2R %L, A EEIAT
TRV ER I A MRS, EFBUMF o B 5
W& 252 ETMENRRD o Tz, &I AN
DC-31d. ZOPENICL->T, HLDEFINAZTT
IAMEW) N TE, BERHHEITHLLED
W [T 2 RATHE ] OMBLL, HLZ2H%E 0%
BIZBOWTHMMNZZETHolze TRIFVE RIS
USHEEWBICL 2 L 2AHPKRE WV, A BERRINKFE
SETHY, OBLIIT AV AERERKEHEE 2o 72
D. D. Eisenhower &, &5 iR KE 0 8 A RN
FZLLAHFG L0535 (DC3DFEMEmEM N — Y
V) ETV—TENZ—HTUTH D | BTV,

24 K1Y

2.4.1 Ddarener Metallwerke A.G.

F 4 v ® Diirener Metallwerke A. G. @ FALHAM &
THh-72K. L. Meissner b 19304F, HEEDOERFART
ISR L, X% “The Effect of Artificial Ageing
upon the Resistance of Super-Duralumin to Corrosion
by Sea-Water”,
and Super-Duralmin” & L CHEEIEAETEICIHR L
T3 339 0 2550 Super-Duralumin 23T < 5 Dl
INAEANTH 50, K. L. Meissner DY 2 5V
I V1XCu 4%, Mg 05%, Si 0.8%, Mn 05%, Al¥ksr&
WIHBET, V2T NI VERBLTT A ENE 0,

DEEDOHRM OBEANBER L% 050k S 13490
MPaii< 7% %, K. L. Meissner X NPL ® Marie L. V.
Gayler b D8 % 513 TCuAl, & Mg.Si DT H 2 il A
HhE b ERILT 5 EERTIORTERATZEE

“The Artificial Ageing of Duralumin
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AbNb, TH LRGN EEL D &IZ, Direner
Metallwerke A. G. & B ¥ 2 7 )V I Y631ZB
(Al-4.29%Cu-0.9%Mg-0.6%Mn-05%Si) & ZDiREx 10%
] I &7 DM31 (Al-4.2%Cu-1.2%Mg-1.2%Mn-0.5%Si)
ERMTAMY 2T VI VEEERRAR LYY, Wk
Bix, bLEERIEZTL2EE2HEICILAES, 3o
LR ST HIICHEAZZ LS LI Ll RT w59,

242 Sander&%

FA v DTyt IiZH % Th Goldschmidt A. G. D4
JEWEZEIT O W. Sander 13 19234F, 1924 4F K. L. Meissner
&M TAL-Mg-Si-Zn R A4 OIRER & BRI %
HERLTWEW D, ALZn-Mg R OIRMBERIZIEIZ 1913
fEG. EgerlZ X o THREINTWAH97 W. Sander
& K. L. Meissnerld, ZO=50RIREN 2 FHE L,
AlMgZn, D 70822 <K 0, Lo b IBFEEANREE &
EHITWA L, 475C TOIRKREE 28 % 2> H i D
4 ~5%FTEALT A ENDolze £ TMgZn,
EA~10%ELT VI =T A E88% DL o THIRFER)
HxEHFRIze ZNEDOEEDOH D AL-8%Zn-15%Mg-
0.2%Si &0 F iR % Table 31RT 9%, &
DEFETEDOHE, MaARIMENATRNCL>TEH
WL OESNL Z LA D, Constructal 8
(Al-7%7Zn-25%Mg-1%Mn-0.2%Si) 2P S, Z
OB EME X, F19ER X590 MPa (60 kg/mm?), fHor
9~10%Tdh % ® 19,

VIS EZ D 72, [HAI24AE (1927 4F) 12, VHEIEHRIK
DEFEMLDOEHRL LT, MgZn®7 VI =7 A
AR RS L LI, L2 MR TE -
7o, BEALZZREHC 7 ) A VIR CEAT &S L
2L e ZIFHEIS, BWIZRHYRTH S, ZoE0
WCEINEAELC T, i E OB R 280, 2o
SR LRV &) filiEwil % > 72 Constructal 8
YAMOBRD 72072 57:0TH 2 ), il Shin
THboJERLTWwE Y,

Table 3 Effect of quenching temperature on the tensile
strength at room temperature in Al-8%Zn-
1.5%Mg-0.2%Si alloy 9,

Chemical

composition % | Quenching As quenched | Aging for 5 days

tempsrature Tensile Elongation Tensile Elongation
Al | Zn |[Mg| Si C strength é strength é
MPa ? MPa ?

150 234 42 234 42
300 237 152 419 12.3
450 216 18.1 413 134
520 241 20.5 424 15.1

90.3| 8| 15/ 0.2

3. GPV—-D%ER

19304E 1S 72 % & XRImIHT & 7k geAsHE e L C
72, 19354E G. Wassermann & J. Weerts {2 & 1 200C
T30 ME L 72 Al-Cu & & T O CuAly, & & 5 BF
MERB LY s S e LTid
Cull, TH 578, & 512300C O EIRIZINERT 5 & At
WZZALT 2O T, FHEAHNT I 3 o v i 1 72 #6288 Al
ThdbLEzT. TOFE, W. L Fink & D. W. Smith
3 Debye-Scherrer 5B 12 5\ C A o T H#i % 32
B, FHAHCuAL® MK L, oMz 0" L4
17725V, 19384FE, NPL®G. D. Preston i3 200C THn
L HHEAHOM SRS 2R L, BEAHO 001} i TR G
WEAHT 5720, ZOREAAIZEAHO {001} #1247 7%
SPHAROIIEZ E B2 ZP LI L,

19384, 7% U o & & fifi #i % £ (Ecole Normale
Supérieure) D A. J. Guinier (2) & ZE[EDNPL®G. D.
Preston (*3) 3 Z 2 NBIMEN, KRIMH O Al-Cufy
GCHAMCHEOAXHRERETs 2T, BHETFOH

JHI7E: % 2

A. J. Guinier (1911 ~ 2000) 1Z 191147 5 ¥ A, Nancy TA F 7z,
MDA, P. Guinierb 79 Y ATIErana Y —DEERE L LTH
5N TW5, A. J. Guinier 13 19344E, Ecole Normale Supérieure
(ENS, EAhidEaate) #2372, 19354E ENS O W BF 5t
WD, fEESE O C. Mauguin % DOFRE % 520 T 2 BUs
L, Conservatoire national des arts et métiers (CNAM, 7 J ~
AL L 2ERE) 2k & 15 720 19444E 1213 CNAM IZ Research
Laboratory # .5 I, 19494121378 R¥EOHIZE %D, K
TR B, CNAMTIRXHE &R OB
fTo72o 2D, Orsay !l University Scientific Centre % 3.5 I
¥, &3 Centre National de la Recherche Scientifique (CNRS)
L 7% o720 P%1E Paris-Sud University D% T, 75 ¥ AF4ET
HTFI-—KBTHYEFELLRRFHEL L THMONT VD, HIEX
MUNAEELE 2 W CHEE OISR 27722 & Th b, £
DR DERENGCP V' — Y DFRTH B %,

JEI7E: % 3

G. D. Preston (1896 ~ 1972) 12 1896 4E I F7zh%, 3 DK
12 » 2 Thomas Preston (1860 ~ 1900) 315K e o720 Kb F
72354 7 W B2 C the Royal Society of London® 7 = @ — 7%
L T2, G. D. Prestonids > 7Y v Y RFETHKRE F&FA
72t%, 19214, NPL®W. Rosenhain® & & TH9E%E 1T - 720
G. D. Preston iZ W. Rosenhain ®$&§7R® b & T X#MT % &8 D
ARG AT\ S35 2 & IR 72, ZD—Ji T, G. D. Preston
1¥Marie L. V. Gayler & 7V 3 =7 A & & ORI H OWFTE % Ih
D7ze ZTOFENGP V' =V OFITLIZED 5 720 HITZ DO,
1940 4E NPL AW O & BT FE T PSR 2 8 A U720 1943 4E121%
A3y bF ¥ FIiZdH % Dundee KIS D, WELFAIRISHT L,
1944 4F, the Royal Society of Edinburgh @7 = 0 —127% - 72,
19724E12 15K o 720 #8AZ O. H. Duparc i+ “The Preston
of the Guinier-Preston Zone. Guinier” # &R X 72\,
Duparc it:1% A. J. Guinier (26X TG. D. Preston 3% DK 7%
EFICL b 5T, BEINTAATLL ZICZ O,
ENTVRWVI EEZERAICEY, MMTNO#REL Lo/ b %
FHTWVB T,
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Fig. 8 Professor Guinier’s lecture (left) and Professor
Preston before retirement (right) (reprinted by
courtesy of Dr. O. Hardouin Duparc)*”.

Fig. 9 Laue spots and line patterns showing the presence
of GP zone by X-ray diffraction of Al - 4% Cu alloy
(Preston, 1938) %,

HEhRE R L7 (Fig. 8) ¥, 4H AOAH DL
F% & 5 TGP V'— ~ (Guinier-Preston Zone) & X
TWwb, Fig. 9108 T L) ICXHBH TF 7 2B SIS
BLH IR RSB LY, C o BURELRR IZ BEH o
{001} 10 A2 PR IS Culit F DO RAT A E L7 2 &2 &
5720 W UREICE Lz ST TEKRTH - 72K
AW O MEFFEBERTE LB\ L E 2o
720 ZD% A. ]. Guinier 551%, AI-Cuf4:CT25~300C *
TORERYLEL 2 47, XD ZAL & 1 S O BIER 2§,
WM OWRZEALIZGP Y — Y ORIK L, Himo§ il
A O L BB B 2 L 2 SIS LY,
TGPV — YDA X% KD, 20THETIZES0 A
PAF, 100CHATIZ150 ~ 200 A, JEA1220 ~ 100C
T4ALLTWEY,

4. EXHER

WIRMERY U723k &2 iR R 3 5 LA LikfbE L T
LWL 28543, WHWEETMarie L. V. Gayler

MHALCuBFETHRALERLLD, ToksEnoNnT
Wiz, MR OFFUIIHIE T L h o 7275, Z D1,
BEANIRREIIR S L Z 2 5172, G. D. Preston 3##4k
BiRE23200C 107 DB THELET 52 &b, Culi
T OHEEE (GP V' — V) PBIILCTHERS 5 &Kt
FTWB 9P B %%, MiETIERickbildung, 3%
i Tl Reversion, HAFETIIEILLREN TS Y,

PEAS 242 1%, Alcoad 24SHIFEIL E N TL % &,
[P2F9V3 i3I LD AL-CuAL-MgSIDHE=IER &
LT ebizhs, FEHIEIN%E Al-Cu-MgRe LT
W ZENEHBTH D EE 2T, Al Al-Cu-Mg
REEOIRBRAEIIE L7z ZOREALL P RE
ZTbEWICS ER AR L2, E OB D 24S O
MOBERE T LERRB L] LTV BY, &
OSHOMBLILIE, Culld Mg Al %S Eofbs
Wy (7CuAl, 2MgiAlz)2 % B 3 VALK & % 2 AlisCurMgs
L L7909, Zofk, HEORaynor HIX P HEED
R—ELSALEW % Cull, & Mg %5 S Eob &YW
127 % & LTALCUMgE L7z, Z oMoMEIE, #
BOSHEL 12T T %5, SHEE X Al-Cu-MgRE
SOWRIITHBR Z R L7222 L 3R #ERORE %
%%ﬁ—ﬁ&é 15),64)0

5. 8HVUIC

FAYTY2IVIVHREIN, TREFRLDID
FFETHETLLEIAHADOEMEMOWIENIEE
7zo MIK, EL L DLEMEMORBEIERI N, FH
DOWFFEHE R HAMH I FFE IS AT, T TIFIRE
DER D SIEE ), FEBEEOBWESL RO THEEHE
o rbhiz, —FT, WMELZ IO TV HLEWIZM
2, ALCu, MgSi, SHZD», HbwizEhsorm
B2 ? BETHL 2503580 ? 549, Y250V
IV RAHEBE LT, YTV I V@AY
DI A ENLZ DT, AlLCul Mg.Si k& 272, TDkE
EMgSi 2P XL b THAH) LEZ, TDIL
EETUSHHIEINT, fRmard Lzwas, W
WHZOF S L9 R OD 5 H RN 53 5 SH
ZHWRT I EREZTVNIE, 24SOT D T
72EH B bS,

AlcoaZ KA Y DT 2TV 3 v EFE%ED17S D T¥AL
(1916) 225 24SHY 25V 2 YO8 (1931) FTHI15
EDPDoTWDe 720 MgmAS 1% L 727507
ThDH, FBEHEEZ T OHSHERLED D DOHAM I
BN=FUBHoDTELRVNEEZ TS, 1D
HIZWH B8RS ERL T L)Yy YRl
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BIZIEM@SiFEE L Twb e ER, 74 HE2MPT
CETHEMIENENS ZEDPEEINLZETH S,
2OHIRER T A ENEL T ED L5 R B
W/ oN o7zl ehn, LLAMEDHKS T 1
FOAK) 2 K S & B HAh MR S, 99.8% D4
DBEDCHHTEDL LI o270 TRV h L
EEND, ZOMICHWLTREZRMO[ARICIBITL Y
2NV IVEBIUOBY 2TV VO E X OEER
WOFRE] TH 72O THRR5S, 3D0HIEHE - LS
WT, 42H1XY 25V 3 V7% d 7 h Zeppelin RAT
HCERH T & d o 72 HHTH % 1 — )V IEHA T
BhEEZTVD, MgDP 1 %2 %7200 T, §hil
HEELL %528, LML TEMM LT — Vg
PEZ TR BDIENDH57-DOTIE RV LT
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