uA Y 249 U3 dFvlEy dX2F A

ol 3%, ol ¥4, 3 9, 7 B4
(F) F 4

8 ¢

BT 7 AR FAA E50F @8 A8 AAS}E vFL W I AN 244 A
58 RS 7] A% AF ¥ Fo ¥ A7 E2F 249 rAgolt. dwtzez
22& A2} s PPoRE ITMT 39S A& oy, grjotdre nA 4@
z23 e vy 43¢ 2 EFE AZRFHV] %A billetd] F2 FHAA 2R AHUSTIE
Agaa 43 G FHAME 23 FHEE B83od 4Y DA 24 3P 23

Q] =g dHPezA v Fd 2AL] ¥ ¢FrF G2FL YU A4

1.A &

33 4FoF S2F (37 300 mm
ool Azt @ e EX

1) f3t= 342 =0

2) A4 = eo] ga A A=
7} flo] Ad§ =3 7k A

3 HEFR =2 229 22

4) A8 A4 d9F¥E F=
metal flowe] &7y @3] Qlx F
g 233 EAHLS ZAEE e A9
t}.

Ny |d2F AZx FFY JEF
BZESEE Table 1. 3 2ow 25 ¢
Z23 2 23 Ao glerz 99
g 719 BERE g4 dAMe
4 2AQ billetd] FZARE 719,
ax, AAYUS A TAHA 2A AP
273 Ago] watol @k = s}
AFAset g4 AR FA GFoF @
ZE9 A3 #P3d nAEin 7Y
g x39 FrlEy GE2FS 47 4
T AL AFZoAY  ;E] AEEE A
HE 7]&3tdd.

2. ¥ 94

1 FA9 vA, 74 2F9 di¥
dRES 47 M 2AY F=F
Al A 5E] Fsojof Joh dwry
o2 AFvF Ve Al F2A
Ti, B%9 9= ZAASE Fvtsle o
Azt A 2 4F AFE Ax @Y
o2 #FIAF FZ2 AL Iy
YL 2ot UREe 3w 5
HoA 71A 7138 AAY 9x8 &
Aol et &7} 4s ~ 6s 29
4EE AAE AHSEE JAE e
Ax olg} e ugdre]t}

sy ol A &3+ Uy
G254 gd dAFHo =z FH{o] B}
F3lth 4&7t 45 ~ 6s £ 23
= billet:= 37 200mm °|42 IFH
A et 99 Fxyo R Ao
A= billete] AL Ad 400mmE 9
A Z37] i iy dRE L=
A8 7] Y3l M= upsetting 38 T o
2 24 AL AANEE AF3A T
AZ A 2AY dF &4 FF9
I 28 o B2 olgjge] g
. olad FAFHE A4 Q8 F

-187-



2% 24 34o] 98 = WY ingot
Az 715 2S9E o|l8% F=x 7
%(Ultra Sonic Treatment)e]g}x & <
stk o] 7l&9 EAL AvEg 194
2 gy 2239 cavitations ©]8-3}
& degasing A3y, 2 YA=E E=
d f& A# Hel(fiber glass filter)dl
% Begs AA9Y vyt 2AEL 3
Fozx gy e AHE AT F
7} At

1) #Ad 1,200 mm A7 A3
billet %7} 7}&3t

2) & 7t=Fo] HAF von
insoluble - impurity2} &34 AA

3) mAsl TYF nondendritic
structureE AL ¢ Yt

UST Az FA9 MFEE Fig. 1
I} Fon g Fxd wE
degasing &3¢} ZFe MM ade
Fig. 2 ¥ Fig. 3% 2. 44 UST
Pyoz A=Y LIuENH A
30mm¢! ingot B8 macro etching 233
micro structure:= Fig. 4 9} At}

olFF F2 2A9 JMHoE oiF
Gz AEE AAe B 2F A
ZTARL QoAU AN 5 AATh

3. 4 a@x Y =4

QiR AR oy dZF MY &
AP BEHoz WAL= =Y BA
o) AR dxE AR A 4
mm¢] A7|E Zris F{d. olHF =
2ol zUizle} B A5 F=2
ZEE ASAFIER o7 71X Wie
2 9z zA9 ulA|, TLsAF7] 9
¢ B A7V FEA s ol o
T TEY Wt Aoz Y. M
Vaynblat (VILS, Russia)®] “Structure

maps for steady-state deformation of
aluminum alloys™& § 47} it
d2oly Azel AAA HE Y
o wat 2ol gz uedt 4
A9 Aee B Y=/t 2gsin, &
AsE ERET YR Y}
axe Age dA= F
A& B F ded, o 24 7t
27, & strain-rate ¢ working
temperature 7t ©t27] w&d] e

o)

H

Y3 JHE RER &4 7FFE 3§
HatE 4E 7HEeAME B3I 4R
9] strain rate’} tt=29, g2 Fo] A$-
3ol Wt strain rate?} effective
straine] 21, ¥ HEFHE 19
o] 2 29} HIHEFHE B9 2
T o), daAe A9 EFQ T9
802 A3ty ZFo] B3 ANt
aAmF oz QA AF xZo] FAZ
AL 7FE £x7 W2 The 2k
it Ayl wgez dAdHo oje}
ol dd¥oz Jeiie JHE A3
AFol Zte AN FHAB/AE 73
3la] =413} g Zo] Vaynblate] =3
A% olu, o]Z Fig. 5 o eI
=3

Fig. 52 (a)v a4 713419 =7
A% oln, (bE o5 dAd 3
g Jelvds 23 Ads 23 -
2 43} 3 Aot
03 d5o)F g2TqA 222 b4
Y3 WEE Fig. 5% 2 AHEE
ZAZ o g2 FAY 2A(xA 7t
&%, pressing speed, 38 ¥ 2%
) 24 Wde] A3, ddsE d
3 F¥o AAE =¥ 4 Ut

B 3 9xF /A Y =4
AAL Fig. 59 23 AHx A #H,
A o] "}, o’ 23N Z2H
)% vAlE} mechanism, A&7} A3t &
A 7F8l el R AR FFH A

-188 -



28 W¥Y¥ ZA YUY dislocationo]
slip plan® 2 ©}&3}4 low-angle boundary
£ YAJgho 2 X(polygonization) 4= £me)
ARt sub-graine] AL ol
sub-grain A 2L v 24 7T @A
oA WkE-3}0 2 4] sub-grain boundary
g ad3A sta ZslAglE whgolth
A4 Wy gAY A3l 793 W
Hez /% 84 HAE program
8o =2A oS A&sn HAEF 9
F2 ¥ 5 A Ho d@xF FEAY
Mol ZIEA HAT a2 CQlZA,
Fig. 62 (F)34tolA Nl AAg
road wheel o 3l F3F 84 YA
program ¢! DEFORM-S Al&-8le] 3A
AARE AFolx, Fig. 72 34 Aol
=3

4. 9xF9 F2 97t

A 7d 2F o Oy GFujF &
Z52 H7ter] §j3ld A 71
AHE-El= 918 Al closure® A3}
VILS(ElAlohd49F 3502 AJAs)
o g2Fo F4-& Hrisach

Gz Aol ALgH" billete VILS
(Russia) d74oA UST A3 A
old, AL Al 7175, AZA ¢320mm
olty. ¥z AL 6,000ton hydraulic
pressE Al8-3lom, billet 719
salt bathol Al 420° C2 714939t ol
3 Al Closure 97F ©x%-2 Fig. 89
etttk Al closure 93 92E e
EF A E dAstgen, dxgs
AXNG § d2F diF HiE AR
3k Fig. 9o A Fo dxE9
o]Al3lE sub-grain structureE e
ot VILS Q7464 gdxEL 3y}
3 4=t Zd. Table 241 714
H A Ad A3E Jely i, Table
3ol =& & ZA Uy 2 Ay

eI Q15L, Table 49l A7) A%
&4 A3E Jguen, Table 5
= 2F 49 &4 ZAE JEu

L2 H oo

5.4 &

Al Zd A9 gF GFnF @
Z2FS A7) A3k billet FZo1A
o AAUS D HEgd = =
A& Vaynblat®] %37 AgxE
2 39 O3 T F2Y a@x
Aol 7hed Zlez wddEn

o oA B R
to M, djo

DA 4% == E949 A2 =2
Zlo] g1+ metal flow.

2) sub-grain FEolt 3pmFFEe
"A] @Y ¥ micro-structure.

D +5E HA AYEKIOH A
ol Sastd 71AIA 4=

9 $5E W PA4e BE @
33 A7) AR,

5) W3k &4 Jhgez dAE 89

152 9 20~30MPa% A

He e d5d 9xE

M
el
)

oo nle

(F) 4ol A H{3%  5000ton
hydraulic press& ©]-83la] plA #Y
g A& ZtE AAE road wheel®
HE gd2F Aid HE s Ao
2 Azt

3 7
B =ge 7y 33 d7ae A9

3ol olfol Hom, olo] ZHAle) Ee
Fgun.

-189-



FaEgd

1. Metal handbook, vol. 7

2. Stanley T. Rolfe, John M. Barson,
"Fracture and fatigue control in
structures.”, chapter 3, Prentice-Hall
Inc., England Cliffs, N.J

33 AF, o A, ol 21, &£ 99,
< 9% A =5, ‘A% 4FvFE @
2% g3 EAo AP} A7, A53
ffix 771 3 71# d& U3 =%
A, s AF4, 19%.

4, G. 1. Eskin, "Lows of acoustic
cavitation effect on the process of
aluminum and magnesium alloys
refining and crystallization in the
ultrasonic field”, Light materials for
transportation systems, edited by
Nack J. Kim, Center for advanced
aerospace materials, 1993

Table 1. Fabrication sequence for
large forging.

Py Nz
'
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Fig. 1 Schematic of U.S.T of the
melt in the ingot liquid bath
and in the path between the
holding furnace and the mold
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Fig. 2 The effect of US.T on the
degasing efficiency of A7Al
(1) and AMg6 (2) alloy melts;
I - cavitation is absent,
II - cavitation initiation,
III - developed cavitation.
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Size of dendrilic parameter and
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Dendritic
paramater

Fig. 3 The effect of intensity of
U.S.T of the melt and the
degree of cavitation

development on the change

from nondendritic type of

aluminium alloy solidification

to dendritic one.

(a) macro structure(x1)  (b) micro structure(x200)

Fig. 4 The photo of macro and
microstructure of Al 7175
alloy ingot.
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Fig. 5 structure maps for steady-
state deformation of
aluminium alloys.
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Fig. 6 Flow——chart for Kl. road wheel




Table 2. Mechanical properties
(Al. 7175-T73)

1) Tension test (ASTM E-8)

. test results
specimen
orientation UTS Y.S .
Ke/u) | ey | EL OO |RA 00
(a) effective strain rate (b) effective strain longitudinal | 47.0~488 | 368~417 | 88~120| 19~35
- . . 1 -t 8~48 2~41, 2~12! -
Fig. 7 Effective strain rate and ong-transverse | 45.8~487 | 37.2~415 {112~128| 23~35
effective strain distributions for short-transverse | 467~482 | 302~408 | 64~76| ©~2
Al. 2014, K1 road wheel after
hot forged deformation. 2) Fracture toughness test
(ASTM E-399)
im
sp.ec1 e.n KIC, MPay m note
orientation
tra to
ansverse 10 1 390 ~ 347 ASTM
fiber direction Ref 26.4

Table 3. The results of ultrasonic
inspection

Fig. 8 The photograph for Al

applied Spec. No. MIL-STD-2154
forged closure. (x1)

inspection method | %%, 10MHz transducer

. tion criteri ¢ 2mm reference defect B.T}
inspection criteria 27 @8 7.

results No. defect.

Table 4. The results of electrical

conductivity
inspection criteria results note
Fig. 9 The electron microscopy of
Al. closure after heat LACS 400 ~ 443 | ref. 38
treatment. (x10,000)
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Table 5. The results of measurement
for residual stress

* Stress relieving method :
cold sizing 3% volume.

residual stress, MPa

type of
residual stress | after solution after cold
H/T deformed
radial -120 ~ 140 -20 ~ 25
axial -110 ~ 130 -25 ~ 27
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