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Fig. 1 Schematic diagram of research goals for this project.

Table 1 Required properties on the materials for the aircraft applications.

g)irt%lei;egr?);leoc}; AlLi alloy CFRP Currﬁlioalloy

Specific strength o* O (@) O
Characteri- | Specific rigidity O o O O
stic values Anisotropy effects O A X O

Impact resistant O O X O
Cost (for current materials) (reqlti?rgn\?zjlue) 24 times N{?)rteintnheasn (Comparative criterion)
Productivity O VAN VAN O
Safety (at processing) O A Unknown O
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Fig. 2 Influence of the Zn content to Al-Zn-Mg-Cu alloy on
the tensile properties.
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Fig. 3 Influence of the hydrogen content on the tensile property. (a) influence of the hydrogen content
on the tensile stress, (b) influence of the hydrogen content on the elongation at fracture.
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Fig. 5 Effect of application of the electromagnetic stirring
method on the grain size of the developed alloy
ingot.

(a) Without
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Fig. 6 Effect of application of the electromagnetic stirring
method on the precipitations of the developed alloy
ingot.
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Fig. 7 Effect of application of the electromagnetic stirring
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developed alloy billet casted using a small casting
furnace.

OB ZHRE L T, FRELEL X TZDHRD
BERPALBLIC X0, # R OBGHIE - MRAEIRHLIGR AL & &
MY OB AL L 722 &A%, 2T 3125
BEALZWRRIC L2 E R bN b, E72, BIEFERL 7
iy FEVERFAN C i, BLAF 7 i R B SRR 2 R L 7o

3.4 Efiih UV BEMIEMTORSE

SRARIIIN T O A OEA & BILBLIZ X0 i
T 50, FEMNEANE—ITMLOTAZEAT L0
WHETH 5. Zhizx LTl h AffIZFEM T~
—ICEAMOTAZEATLZENWRERTH), AL
D 25N 2 I TSGR L TRtk e L3 2 7 L0 RAA

MHEENTWBEY, K7 TiE, i Lo #aEnT
(continuous rotation evolutional control : CREO™ AL
B 1012 5N T OMES 24T 5 720

Smoke exhaustion hood

Intermediate
cutting machine

Insulated dr1v1ng table

'

Heating Unc01ler
furnace

Roll for rolhng
7 Side guide

I.

Hot press for intermediate
heating and straightening

Fig. 8 Schematic diagram of the isothermal rolling on
equipment developed in this research.

I Tensile stress
3 0.2% proof stress

W Elongation to fracture

20

S % 700 687 666 -
=< a0 B o g
T2 531 2
< B ul2 ul2 2
|77 3 ~
28 400 ml0 10 :':
232 <

%}

[Z205) =
25 5 S
= ®» 9200 =
£3 &
L3 =]
= 2
0 0 @

Developed Developed Developed 7150-
alloy T6  alloy T6 alloy T7 T77511

(Large size) (Large size)
Test sample

Fig. 9 Tensile properties of the developed alloy and the
comparison with 7150 alloy.

46 UACJ Technical Reports, Vol.6 (1) (2019)



K - BT VI = AEEOME

47

3.4.1 ¥Efiifa U V) BEMITNIE (CREO™ MNE)

Fig. 1012588k U SN o 2R, ke
RUYINTIE, RO Ly MCENZ25 25 &
LS, BTN L 2 555 &k ichath b v %
525 HETH59, ZoHBEICEY, H—%ALY
EFEEPLIICETEATLIENTE, WL 2D
ML TELZ LR ELTWE Y, ZhETAIMgA
& O IEBIAI A 4\ 25d kiR U Y &N T. (CREO™)
B ZAT 72, AL OBHIGIC X - TEsREE L & St
AL R D D % 2 EDREN TR 197 K7 T
¥, ALZn-Mg-CuRBGEOBMMAEIEEIZHA L, Al
DSBS TORNFE & HR) 2 B TR DWW CTHERR L 72,

342 EHmhUYUHBSEMIICL2E8E - SEML
DISEE

Fig. 11IZH5 A3 X OV ORI ]33 3 fida
U0 SBSN TomB 2R, dieda U SEsn Tso
KRB X ORI, AUV LEfTbRwHEM L
HBELTHMIZOBLTWAIREICHL Z L 2R
720 HMNEAMEZIZHE) EBIOMBIZLY,
HLB L O I AR LA S 7z & D 181998
Y, KBIFETRENIAERDEUTHL EEZ N,
WA, A U0 SRS T A2 R RICTER T 5720,
YR AL & A U0 SN Lo TANHIZ D TR
FEERATo 72 TANETIE, SIS EILE 2 1T\
FHIN T, AACALERE X ORI %2 479 T8 (AL
DS L2 b Rwga s OE55), WELRMHE
I LOMIZA L ) H#HMLE47 ) 36 (DL 5 2),
Ftith GEI) MICEIEARA LY BN LT, Z0#%
WEACALE, SN, AL S X O LB %
) FH (LT 5) ZMGEL 720

Fig. 12ICAUC VBN TOTH NN - BIUZFR
FNONRY — 2 TINTE L OE# L 72 7150-T6 M ik
Bt o5 iR ORI R IR T, FIRRS B XMW

Induction heating

Torsional deformation

Cooling unit

Fig. 10 Schematic diagram of the continuous torsion
forging (CREO treatment).

DO<@<@Tho7znlzxtL, M, O>@=07T
Holze TNHHRNS, FIICH L TERE, QLY
BHIN LA2ATV, ZORICHEACLI %179 LS,
R BN TAAHON R D5 & MELD 2 LHUR
Sz S, ALY BN & MLk R 9 57 i
L OBREFET 5, 2512, EAMICHT AL
DS ToBHOBECH 721, 2l KRBLE K
AET A TFETH Do

3.5 FEBICHICKT T EFHEEM

LR, ez EE T3 Ry MES
THEALTERIN TV, kTl ERZMEH L
JERZHMTL, —@FEETERINTWD 2 &8
v, ZOHETE, LTHEEB IO Z ORI

Grain structure Precipitate

Normal process
(without CREO
treatment)

With
CREO treatment
in normal process |

Fig. 11 Effect of the continuous torsion forging on
the morphology of the crystal grains and the
precipitates in Al-Zn-Mg-Cu-Zr alloy.

(a) Verification pattern of CREO treatment
in the process sequence

["[Homogenization[ | M Solid ] Aui (D
IHtreatment Extrusion Hsolution H ging >(@
I treatment
Casting | |treatment| | L ®
CREO I
| |treatment Homogenization
treatment

(b) Tensile test result )
. Q‘:’ 300 " 30
o 7 —
82 700 — %8
S 19 / m 0 =
T 2600 287L 2
S 525 15§
2 & 500 H
O - 110 o
- @ =~
2 8 400 15 o
o k=
22 300 0 =
(=N o] o0
3R] b=
= & 5o

) ) ®

=
.=
—
9

Process order of CREO treatment on 7150-T6 and
tensile test result of the specimens obtained by
each method.

UACJ Technical Reports, Vol.6 (1) (2019) 47



48 ERIE - BT VI A A0

. Air micro

Make a
reference hole
;"—-'
s

Air micro

Release
residual stress
by trepanning

Measure reference
hole diameter

-

-

Fig. 13 Procedure for the residual stress measurement by the deep hole drill (DHD) method.

BB DA, YHIFIZHM B EE L TR ) KT
THTENDH D, 2O XD RYEIIN LA DL % H#
T ERICEM N ORRINT) DENEZ b b,
— RIS ME X, XETIThRTwWa Y,
XBEFWHTH 255, S H NI 5 55040 &
D CTHEETH B, F T, ERHNTICHT 5 K
B L OWEBOFRE IS T 554 % Ml 243 5 ik LT
ERZEILEE (DHD ) oA E 2 Hh b 2,

AWFZETIE, DHD % W CTER O = 1Y 72 58 e
oA 2 W T 2 HEOME 217> T b,

3.5.1 DHD&ICK B2RBEHAERE

Fig. 1312 DHD 12 X 2 5B Jll5E O FME % 7~” 520,
AN FEHE A L L CREE R R, HLiE R LI Y)
L (b Los= > 7)) 247w, M L23= Y 7L
BORERFEOREE KD D, FRBIEIZ, FElERE
DFEDPGEMZFRE L, Bk S8 S h B
WKRALTROBNS,

3.5.2 %I93 OFHb

Fig. 14 \ZDHD 12 & o THllsE L 72 7050 O JE IR
DRBEE AN (UBEWQ E T %) B X O HEIC X
2 JEAGRIG A (LABEFS &3 %) OFRIS ) 5045 % 7~ 9o
F 72, FRWIS ) OB F N5 F % 454 B OSHE il o
5 E % G-A 3 % 72 D W BT I E SN0 & o THRB G
T WE L7 R SR, DHDIEIC X s TR SN
FRNG O 53 A 1 Z T Il TS S v 2R R & 12T
— DA Z IR L7ze FMMEMB IS D ERE VDS
WAQ—F L7z CORRLD, DHDETH O M 5EH
IS DA R EMIIR Y THL EEZOND, T
72, COMERHBITIESVCEMIT S E, WQB LU

Deep hole Neutron
(a) WQ drilling diffraction
200 _ | ®RD O RD
7050WQ  |ATD A TD
m 150 0 ND
£ 100 '
~
~ 50
o
g 0
&
w50
E
S =100
12}
& -150
200, 10 20 30 10 50
Depth from the surface / mm
Deep hole Neutron
(b) FS drilling diffraction
200 T
® RD O RD
150 | TOOOFS . |aTD A TD
3]
& 100 porvererepne D:ND
S i
~ 50
o
g 0
&
> -50
=
3 -100 :
‘3 i
o~ -150 ¢
200 10 20 30 40 50

Depth from the surface / mm

Fig. 14 Residual stress distribution of 7050 of WQ and FS
samples measured by DHD method and Neutron
diffraction method "

48 UACJ Technical Reports, Vol.6 (1) (2019)



FREE - BT VI = AAEEO%E 49

FS CTRAE T I % 5 IS T D FEAAG R I3 AH E
MRDONDL Z 50, DHD EIEM DFEH IS
NOBEHENTH S Z EARENT,

O XD BERRINTIOMEZ, ME LR O SR
HARB L OWRIL OB EITEE L TWD EE R
LN, GRS OB & RIS T O FEA R I
DWTHRDETFETH 5o

4. #&

3

ARFZETIE, WRIE - SO T7T VI =Y A 6EE
L2 T AWM OBFE LMD L7201, Ak
Bt REEERN, 7ok AEM B X OEHMEEA I
WTHET L7z SRETHOLNBRZ LD TR
R,

(1) FE5REE - BB L ORI ESE R T64E

& LT, AlZn-Mg-CuZr 28 &2 _E L 720

(2) BIRMEB X OMUYREAKERORME & b
AKX 3525, &AKERAN005 ppm LT Tl
WE LR\, T, SHKFERIL, ERNEE
119 2 &I X D B EIC & ) Ul S T
T A%, AR ST B L KESW A
LCHNg 5 2 &2 h o7z,

(3) ERIEIEE O X SRS 5 2,
w1 O B2 - LR AR GR D S e o 72,

(4) PZ L SEEEE 2 H W CHE A S Z LT
LU, Z OB R % 1T - 724G 5,
MEVE 2 HEFRE L 2285 M B & O &2 R §
LR T &

(5) MBFEAQ L VBN TAITH 2 LK RERRB
SO AL T A 2 L ZHERRL, ALY
BHMToOBEHIIAERITHLLEZ BN, F
7z, WEEAUDESN ToO TRIED BETHY,
EHEHFRIZRA L VI E21T 5, 20®%RICHY
{LILER 247 ) TAEIRIRINTH L L EZ NS,

(6) 7050 DIEMDKEEE AN B L O I X
5 JEAGSE A2 DHD i35 K O |37 % H v
TREISHINEZ AT > 720 ZOREE, DHDEET
B ONTFRRAIS D MWEMIZ Y TH B I & AR
oz, T, EROKRZIEE, MEOM
TIERBICESEE L TWE I NG o72,

L, ERLEZHNE LT, HEAEEOKEMO
P, BRHEEETF RO KM EE~O#H, Sk
JEDFRRRIS )T E BN BT, AL\ LR LS
5% HMEF AT, KREGBEM ORI, Hizeiks
FMOREZAT) FETH 5o

B

AWF7EN, ELZHFERFEEN T AV F— - S
Bt #e & B FEME (NEDO) O3 % 524 F T L 720

SE

D) &, KREH HEHEE, BET fEdT  HAY
AEsEE, 13(2005), 123-130.

2) MARIEGL  BERFARE 87(2018), 66-70.

3) AN By HARHINMEE TR, 26 (2009), 2-6.

4) FATW : EEAaEE 87(2018), 62-65.

5) HIRFES, B © Japan Forging Association, 45
(2014), 17-27.

6) =N, HEFBHE TLEERILT - B4E, 36 (1986), 697-
704.

7) CANEE, HEHIE, FHEHE  BEE, 60(2010), 75-80.

8) W HIEHE, MEe, ZEHIE, HJW—) : UAC] Technical
Reports, 3(2016), 74-91.

9) KIFEEE : \EE, 44 (1994), 461471

10) H.K. BirnBaum and P. Sofronis: Mater. Soc.Eng. A, 176
(1994), 191-202.

11) KP§E— - #840m, 39 (1989), 235-251.

12) BN, e @ B4a)E, 64 (2014), 157-163.

13) =HFA, TILEE, REM—, ERME— #iE 1% 69
(1997), 610-613.

14) TaAE, I E  E4E, 33(1983), 82-88.

15) K@ WP LT, 50 (2009), 186-191.

16) K. Nakamura, K. Neishi, K. Kaneko, M. Nakagaki and
Z. Horita: Mater. Sci.Forum, 503-504 (2006), 385-390.

17) K. Nakamura, K. Neishi, K. Kaneko, M. Nakagaki and
7. Horita: Mat.Trans, 45 (2004), 3338-3342.

18) AR, AAGHEA, /MG B, SR WEenL, 57
(2016), 468-472.

19) AK#H, /AMEE, SRiEFE: LT, 48 (2007),
1007-1011.

20) EWHREE, FHIRE @ B4R PR 134 M EF RS
PR (2018), (—#h) B4R P4y, 49-50.

21) BHEAE, (AT 0 HAEEM Y 2R S, 36 (1970), 1413
1420.

22) = bR - MeAsHEls, 57 (2017), 18-25.

23) MREZEE @ HAREMFE ST CHE AR, 67(2001), 363-369.

24) EWEE, BOAE, B BAERAA 136 RN
B (2019), (—#h) Baimasss, 121-122.

UACJ Technical Reports, Vol.6 (1) (2019) 49



50  FERREE - EEIVET VI =9 A A SO

#F X% (Hisashi Mori)
(¥%) UACJ R&Dt>%—

PR #—ER (Yoichiro Bekki)
(¥%) UACJ R&Dt>%—

BRI 1 (ITH) E—HRE

M E (Tadashi Minoda) RE #¥— (Yoichi Kojima)
(k) UACJ R&Dt>%— (¥k) UACJ R&Dt>%—
E—HRE EL (I%) E—HRE L (ITH)

S 1% (Satoru Miyazaki)
(%) UACJ R&Dt>%—
E—HRE

50 UACJ Technical Reports, Vol.6 (1) (2019)



