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Fig. 1 Part of frame of Zeppelin Airship shot down near
London, brought into Japan by Japanese Navy
and stored in UAC]J Corporation ".
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Fig. 2 Dr. Isamu Igarashi (1892-1986) .
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Fig. 3 First report on the research of Extra Super Duralumin
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Fig. 4 Patent of Extra Super Duralumin, No. 135036 ?
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(1) At first, it is necessary to master company’ s history,
persons, technology and so on entirely. It takes 4-5
years to master them. Learning lectures in a school
only is insufficient.

(2) Industries develop by the daily progress of theory and
experiment. It is troublesome to regard the immature
theory as absolute.

(3) Fact is important! Don’ t talk various quibbles. Progres-
sion and development are generated only when a new
fact inconsistent with expected results is found.

(4) When questions arise, it is necessary to consider
repeatedly why they occur and investigate them thor-
oughly.

(5) Theme is important. But it is problem who decides the
theme.

Fig. 5 Sayings of Dr. Igarashi collected by Dr. Nagata '°.

Fig. 6 Dr. Yoshio Baba (1935-2012)
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(b) 7475 (Cr)

Fig. 7 Precipitation around Zr (7150) or Cr (7475)
compounds in these alloys air-cooled (1 K/s) from
solution heat treatment and aged at 163C 44 h 3.
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Conventional structure SPF structure

(45 Parts, 400 Rivets) ’ (3 Parts, 80 Rivets)
& Cost saving 30%
Weight reduction 15%

~—e
~~

Conventional
design

Fig. 9 Door panel model formed superplastically using
a 7475 alloy sheet with fine grains compared
with a conventional structure. SPF structure
consists of 3 SPF parts and 80 rivets, while
conventional one consists of 45 pressed parts and
400 rivets. Cost saving of 30% and weight saving
of 15% were achieved by SPF # . This panel was
superplastically formed by Mitsubishi Heavy
Industries.
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N72Z 2T X DRDFEZ DM EHFEOIRENIK S 2
WEB RS 2720 ALLIGSBBYEM T MU DRI
METH o725, MLHBLHELZTRT LI LT, R
FiVEDS /NS < B TR & TR SR 2SR fE L 1073 @
EE TR TE MBS TE LD, 29 L
MR REBREICBOTOERTEO VI E &
D, FFVEDRE T E I LRI & L3 2 & 28
T& 7,

4. B42Y 17V O RBEMMERE

41 T747562BEBMM, BRBERSBEN

4.1.1 IR E DI TENIEE

19704EARIS, MUZ2REOTREE, B, P57 MEE, WIS
JEEFINE 2 &2 H) B S5 72D 1N L ARLER A

ANCIFFE S N2 2 vhC b Hp N T 2 0L B & 8
VL@W — S MR EECH L CHERSIET
fEER AL LX) T 5T u XA THDLH, D)
Pd, Ao KTD A EE] SR Ty Tz~
VagNVIVORETEBINTW?Y, KO HE
AL B IZ A TIE R Wz, Skl s — B
B IE CHE L 72 2 Bk i S8 00 5 B OB I IE % 47
STHRHEZLBEL L) L LK DEFEOMEIZITE
"EINb,

PR AL A A V2TV Y O—FTH D
7075 G4\ L TR SRR 10 um FEBE O fofiRr % A7
T MM ORIEITHY) L7 D25 Rockwell
International ® Wert &5 T % % 3V, i & o Sk
ML 7 1t 2 2 Fig. 101289 EARZ SRR K
%L, 400C -8 h D \EFRILILZ 4Ty, 075 ~1 um®
MR ZEZAMRT 2L S TKRET S, TDH220T
OIRMEILTI% DO5RIMT. % 5 2, TNhE482TITE

HIMEAL CHAMSELTHRTHL, TOTTLAT
DELTEL T A NVARIEAR DK 55 R ] 2E 7 EBLIR o 8L
BT A Y TRIERICER S TR v TEIIZARE
DG M LA 2 %S 572012, Wertb D7
Ot 2 TRESALDSIHIE S % 2 = X A 2 Wt L7z %,
7075 B DAY &% IR S L 72 7475 & &2 E AR %
v, BARILRLEE S 360 ~ 480°C T & Ry M EAfZ K
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o7 Y A%Fig. 11IIRT . F 7285 N7k
% Table LIZ/R %, K25 b AL T 2 01k
Wert 5 & [Al#&IZ, 400C -8 ~ 16 hd 5 \»13420C -16 h
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Solution treatment Recrystallization
482 - 4
482C . 82C
o 400 | |-3h Overaging =30 |
o\ min
(5}
~
2
<
3
g‘ Rolling
& 200 ]
220C
90%
| (6~10
20 pass) L

Time —

Fig. 10 Grain refinement process developed by Rockwell

International for superplastic 7075 alloy sheets
(Reprinted with permission of TMS) 33D,

+—Precipitation ——==CR ~=+=-SHT-
500 - |
L L M
D 400 !
=] |
= |
5 300 |
g 200 | WQ FC
()
& 100 | | \
RT

Fig. 11 Grain refinement process for investigating the

effect of conditions of precipitation treatment and
cooling rate on recrystallized grain size (WQ :
Water Quenching, FC: Furnace Cooling (25C /h) *2.

H420C PN B2 S TIZIZ 1L um OF@ALDTEN S
héo

4.1.2 INITHMNIEBIC L 2R HMAEDOWEE

i R AN D OAL S % 400T -8 h & I ARLALREIE
BE480C -2 hik, K EIFE &AT o 724 RO ENZD
WCHRIEIERT O 3 27 v MKk & BT B ST &
Fig. 12 & Fig. 131" $ %, WM 5 480C -2 hk
WHLAMZ05 ~ 2 um DMK 2 55 AR F-AYBIEE &
Nb, FLTRTOFEMT, BWEILLHECTHHL0]
~ 02 um O 7% 7 1 2 %K (E-phase, AlisMsCry)
PBESNL, WTNOKGHM D I 7 TR DA —
ERORER, BRI S BRSNS AY, B
TlEINR~ A 7unNy Fe LTBgsns, MKk
55 MR T- D 2 480°C 2 B DKM IZE R J5 1) &
BEAZRFIIYA 78Ny FPREEL TV L0085
SN, MREEMNFPFETLEZDOTA
TNy KOG MHE AR T O ) THHMEICZELL T
Wb BIMRTIIEEOE LT &b B infi Rk o
GAE—LICHFE G L TWb EEZbNL, TOMHEL
THIE - PG A M2 —I1CAE 3 %, $7:Fig. 14
MHbNE LI KGN TREMNSS Y7V LTVDS
A, FEMTIE<A 2 any Ry v 7L L
B NS, G HEEERCEY I EAEST Lisi v
LM RR DT STV B, Fig. 155 5 138 7 2
T 2 RK T ORBICBWTD Y Y SRICy VLT
A AR & 2 OPENCEEN O R WIS R SR
%o 70 ARNFIIELELIWASPICLAZLHICE
DORETHRER TV H LR T L, Z0720Z0RM
TREEETO LW = VPR ESNT, 78 L8%
K& s v 7V Uik o B R AL 0 A 7 38
PR ENT-EEZ NS, 70 LRKNT b ZOLERE
WA AHLRR 2 R S 8, B - FRS R A b OTERENC

Table 1 Effect of precipitation treatment on the grain size in L-LT plane of recrystallized sheet *2.

Grain size in L-LT plane/um
. Precipitation Holding time/h
Solution heat treatment Water quenching Furnace cooling
treatment
Temperature /C 1 2 4 8 16 1 2 4 8 16
360 — — 11 95 95 — — 19 19 16
380 — — 8 8 3 — — 16 16 13
400 — 8 8 6.5 6.5 — 13 11 11 11
480C-5 min WQ 420 — 9.5 9.5 8 6.5 — 11 11 11 11
440 — 9.5 9.5 95 11 — 11 11 11 11
460 — 11 11 — — — 11 11 — —
480 15 15 — — — 11 11 — — —
290 — — — 8 — — — — 11 —
No SHT 380 - 15 - - —1-=-"m = = =

Process: Solution heat treatment (480°C-5 min WQ)— Precipitation treatment (360-480C/1-16 h WQ, FC) — Cold rolling (90%)— Solution

heat treatment (480°C-5 min) WQ
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400C-8 h WQ

480C-2h WQ 400C-8 h FC

480C-2 h FC

= B
Before cold rolling After cold rolling

Fig. 12 Effect of precipitation treatment on the
microstructures of the cross section before and

after cold rolling ( all pictures are in the same
magnification).

400C-8 h WQ

S S

400C-8 h FC  400C-8 h WQ

480C-2h WQ

480C-2 h FC

Before cold rolling After cold rolling

Fig. 13 Effect of precipitation treatment on the TEM
structures before and after cold rolling.

400C-8 h FC

Fig. 14 Effect of the resolved solute atom content on TEM structures of cold rolled
sheet, tangled dislocation structures in WQ and dislocation cell structures and
subgrains by dynamic recovery in FC are observed.

Fig. 15 Ring-like tangled dislocation structures around
E-phase containing chromium.

HLLTWREEZ BN,

Fig. 161347 HALEE S C O E L i 4 O TE U m 8
ZALZ RS, 480°C DI & KRG H O BEARLIED
FENRRKDOEHR L AT Do R Z MM T 2
12, —EREONINE L FERISLETH L I LN
bbb, FLEEAMGEOERGEELILETZ L,
I TS CERZLERR WA L2, K
M CIXEAREE DI L 72 BIBEOFEL, Fig 14
OEFHMEL2 S DEMTFONL, BBHEEODLRWIFG
PHZERERS, BHAYIIBILC X 0 dfr 2 b <o oA SRR
LB, KEMTIZY v 7N LGRS 7 5.
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—o— Before cold rolling AA400C

— —e— - After cold rolling v v 440C
(Reduction 50%)

_ WO 480C
1 2 4 8 16
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20

Fig. 16 Effect of precipitation treatment on the change of
electrical conductivity before and after cold rolling
of 50% 32,

CHIREAE LS, <Ry A, il EOREE
FHMEAL EISHTH L TRk 2 Rt s e &
ZRbN5,

400C -8 h K1 G MIELE L 7248 o Sl #i f2 T O
SHALRR & Fig. 1712789 320°C TITHIR 2 85 Ak

REAVEAR L THR T 2 I B S N b, HFFIZ~ A

7DN7F&Eﬁ%&§h%k%”*ﬁﬁ?ﬁ%i
D ZOWHFOEB - FREIZEL 2P ZoHED

Hito 7 — Z13R3B50CHIEICH 29 25, ZoiRE%
MMz 5 E, 400C TR R LRI L COEEERTD
BEALL T, WE - RS S S L 5, Fig. 181
B0CICHM L7z & 10 B OBHMETH 5.
T I P TR LS B AR AL L 72T R & RS AR RS
o 72T (HWREITRT) 2385 Bl s b,
INSDBEEAL 7MW R R Lo b, FHiE
WD 10 HIITHB L 72720 E 2 bhb,
480°C TLIE kL & 72 B D1, RFUSRAT L T
7R, w7 AT A, SID Y, FRTHIT S
70 AR O EDRIIRT L7272 L E
5N, Fig. 1918 L7 K912, F& LTMEON
WL A5 70 2 VRS- OFT I ASVERT U Cad bR s f b
ML %o FHRHEENBVEERL OO0 ) —X
DOMNRFES D LA 53,

400C -8 h KA A3 b A AL L L7201, &8
B AR SR v 3 N Rl N 35 R AWl TR (VA o N S
IR E RIS LM, <7423 va, §o
WHET2H L, BESE o AR C A L 72 s T
ASHE A BV R0 iR R % 2 Ak S R R & B L,
COREEZLAEFBEIEL LT, HRTEES <

IR TR — B SR AT S b, 340T 127 AT L, Kb o T, 70 AR EAT L
5 LA F OBE I TRED D B 720 R i THEWMNEEZHH T 2720 E2 015, —H,
320C-1200 s 400C-30 s
Fig. 17 TEM structures heat-treated at several conditions in a salt bath using the sheet
treated by precipitation at 400C -8 h WQ followed by 90% cold rolling.
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480C-10 s

Fig. 18 TEM structures heat-treated at 480°C in a salt bath using the sheet treated by
precipitation at 400TC -8 h WQ followed by 90% cold rolling.

_ AlsFe
[500C AlsMgsCrz (E-phase)
g
=3
&
g MgZnz, (AIZnMgCu)
£ [350C Al:Cu
= Al:=CuMg
Time

Fig. 19 C-curve of precipitation in 7075 alloy (Schematic) *.

55 AR 28 7 W 480 C K M TR [ IE TANI —
LIEHAE U CHIMras AT &, Z OFFW R I B R
T2MEAT L, Fig. 201R7§ & 9 ISE-EE T O %5l
Wiy [ TS ARSI E T 5 70 ©, Z OB O kT
FERRLEEDSI E o T %o BYWFRT O RIFEIZ IR R &

L- LT plane

360C 90 S

WO RS ERAEII R E K & B0 SR ERIZHE
ZHRAL R VA S A, BESEH SRS SRS S
75, WEEDD BT OITRREDR <, 400C -8 h
Zk("ﬂ'l DI ENPKREL 2L, ThERALL
D 7A5Fig. 21'(“2?)632 A SCHEF GG X SR OB E DA
Eﬁ'f‘ﬁ)of:ﬁs‘ T DBFGED & §RASHE MR R 12 B
Ui & ko L“Cwé LEZT0LY, 5ND L) %
FIET VI = ATRERTEHHFHH/EIELLZ L
B CHBENT VDo AR OBAFAEL B\ L iafL
T OHHEMTIILEIHFMETE R\, SND K ZEH
FET IV I =7 A OfEFRLHIENIS S B OASFW TR &
LiEE R R LTWD,

4.1.3 BEMNIAOSETFRHMEDOIIR

EBERFZE 2 & TR BGE D E 5 7 5 h 2 Bl Lo
FEL72%, Zo7atR, $4b1480T 2 hifnfk,
WHEE, VIV 2N A T480T -5 min T S+,

L-ST plane

Fig. 20 TEM structures at micro bands and microstructures at shear bands during
recovery and recrystallization of the sheet (480C -2 h WQ, 90% CR) heated at

340 ~ 360C in a salt bath 2.
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Fig. 21 Schematic model of the grain refinement process

in a 7475 alloy sheet *.
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DT O@EREHETEF v T 1 BRED S BB
D H/RE v, IR AL D 72012 PO MK %
MR 2 AT SRR, SN T b
RERL U ZBRAE LA 5 IS EER 371, Sy ET 1 4K
DFEEE R >TWDE I EEERT 5, 480T -32 h i

T=500C (Temperature of tension test)
12} £=25%x10"s1
Holding time : 0 s >

10 + Pre-heating time : 32 h (in salt bath)
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>
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> O
B Pre-heating temperature 400C
3 g | oOriginal sheet 420°C
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£ | i
g 6 aa0cC
b 7460C
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Fig. 22 Effect of preheating temperatures for 32 h in a salt
bath on cavitations during superplastic deformation
at 500C and 25x10™ s! without holding at 500C
before tensile test in a 7475 alloy SPF sheet *.

THF vy BT 4 BRIRIWAT 5, ThIEHEHE, ~7
AT LN, ik EEEGE N TFARBL, $i
EORMY B EEAC LR N0 LEZ LR
b FYET 4 I1X500CLLEICREET 2 & F28mL
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LEZHND,

F 72Fig. 23120 R T X 91T, ZBEIF» VIV MINA R
TIEGE B AR5 2 DS i T2 L 724 FHg,
W O TAT5 BEPER FLA3 107 57 oF — & — TR 2R
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42 747552 DEINVFEIER L B2
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.S 600 m5.6x103s™
g) 100 (Air Furnace)
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0 2 8 32
Pre-heating time/h/at 480C

Fig. 23 Effect of heating rate (salt bath or air furnace) and
holding time in pre-heating at 480C and tensile
test speed at 500C on the elongation at 500TC *.
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72HaE, 10t s A = —TEN BB R R T 20
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BHEZ LA 2 EPBELERY, ARk B
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= 400°C
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Fig. 24 Process and its conditions of thermomechanical
treatment for two-step deformation, that is, pre-
strain at low temperature and tensile test at high
temperature .
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Fig. 25 Effect of cold rolling reduction and pre-strain
temperature on elongation at 500TC .
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Fig. 26 Relation between optimum range of pre-strain
temperature and recrystallization peaks in DSC
curve 0,
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Intermediate heat treatment

Fig. 27 Effect of intermediate heat treatment (IAZ2 in Fig.
26) on high temperature elongation at 500TC .
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Fig. 28 Effect of precipitation treatment conditions and

cold rolling reduction on the grain size of 7475
alloy sheet heated at 480C in a salt bath
Process: hot rolling — cold rolling (50%)

— recrystallization (480C -5 min WQ, salt bath)
— precipitation treatment (none, 300C -2 h WQ
and FC , 400C -2 h WQ and FC) = cold rolling
(0-90%) — recrystallization (480C -5 min WQ, salt
bath) — measurement of grain size.
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