AARE 2= AL 7175 A8 ZAA G Fe
BAANE TR AL

ol ¥, 294,

olFel’, A’

FagdaTL, (BE 4

8

9_}:

AurH o 7 Ay FTZFAPoIA o 100002 H¥Hol BoF AAo] 540mme] EXA FE <
dznlF 7175 TE ©2F LS 25008 Z2dM B3] AT FAATE ST YA 43H
RZe FR37] 3o dAeze JANE £ ALYEERS 21T EEEFTAES AgEen,

B3RP AAARE ol8%

Y% &4 2d 433 /3% 82 fHoz 1 gEyel #EEHU,

AP THzoA AE 7|8 EFAA G2 7HsAE FAFUT

LA &

g oz Aol wetd wa uPE AFHF
g wzr|ePe Fa5 e aTFHL S
oy e FulFy #F vwxriE 2 e
W Qotg AAd Uk 53 F=E A 2
z2A71%e AFE FRAY2A Ud JS ¢z
W PhzTe ZA3 AL S8 1B FF
o] ALHYRY o] FFo WY Fa=F /MY
e 97 Y HfH vFguES AR A
10,0008 F¢ZA2(3= $3Y)s HBE 71eH
229 de@vEs)rt A= oy
100008 At AW FExs 4T 2830
24 Ay FeFL APstede A4FLE
ot 2¥u] =z WM 2y, BE e
x 2o v AYET} war] gEe G2
ex9 FAAost aTHE YRuFHRF V=2
o] RAZET wad A¥eFe AAT T
718 wzgH] ZeA AUl 2508 ZHXF
AME  olgdld AFH  FFoludAN  HA
540mme) 7175%2 SAA G2EL Adsts] 9
& B4 475 AN

FezFe TAH AL AAY Fu s ABE
ol g% AE =s|9 Aol sHF AFHo|: A
AAQ whgolt o] Wy A¥EFe] HRld
olste] Aulg} Yol &A4E 4 lu AP
9] Hcro] =7] W&o F3] AFHoZ FHEEH
£ oy, Za2E o)y F B9 AAREE o

oLy

43 AFAH P FPe4EY T £XF
Q wo] dwxoz Agsm P,

B AFqME ZIX G2 EFL 25008 T
2 Agsr] 8y A3 i £X A
g 3 o] &3ttt & 349 AU AF3)
F& ANEF ol3tE AAEY & U=RE g4 &
Zz9 7ANE 2 AYFE AL FJHEMA =
3 B AL Ay, 4A AsE AR
Y &4 Rd4d fResdHoez I geA
< AFdged, A7 AR AA FIARX SEF
2 AP ¢lo] o] 7HEsldTh

2. 4% & Ay
21 BYHY 3R A

Ay £Fe 23 g2F 4F Yo
= A¥E 2L 984 34 £5 sde 2
Ay 3R ¢ ¥ 9xF HE AxE FA
slo] REAoIn ALAHQA dRE oA HA
2 Al JJAdzF FAHol Aok ¥H  Figl
& AARE zt:= A7 540mme] GFEF 7175
A GxFo2ZA 25008 olzt= Ad 3T
o7 AdEr] % EFoltt. GdRFL Fold
u)d] Aol 3u) AEE HwAH HOoWA, FH
AHol slio HF Axm RYPFo] B}
g fol Fule] HPFHe] FEF A=
2 gz FAoRE AE9 W to] A

-219-



o] o3¢ 484 Aol At uwaA FHA
G2ES o] FRERH FRE A5 {5l
dojile= dntERl Uy Fdx IFEYGE F
249 AU AdFAES QHgzx 2 JAVtZ LR
A2 F IH FH Ao FFeto i
Al R AERTC] dUEE AE3= ER
A48 Yol A¥3EH ASRE A AH
3L L 4 4 UG

B dFois A1) Z& Scheyd Tl
AR3E 2L 9T APAL olg39? AA
H 9xFe] A¥eT dF L EdAES A%
71% ZREAAE AABIY.

P = C-0.- A )
A71M Ae BRES FYHFolzn, Ce @&
dolzo] WE FAASTEZA Table 10 B=o,
0. HWEFRELEPoEA Al 71759 2% 2 3}
& Aol 70759 RFAFSH7] &4 Altan T2
ZRE 450TCeIA 9] 7075 =g A8y,
Table 2= 4|(1)& ol83% EdX gx=F9 Uy
Faze} BEFAHAYA Y 317 oS L mddPL-
3508 ZH2oM JP7ed F4Rd d2FY
A7 Adtoltt. EFAFAY 5 dA v=s
AAE Y 7o 4z 324983 4743802
2y Yoz 77868 BU} A= AL B
dort 25008 A2 dxREVde RFAS)
Qoo z HaLEol I AFE ul A= FAG
Z 71¥ 9] AHE JtsAd7tA nstdy. = A¥
ZAu]Ql [0 T2 AF s 2d g9
F& dAlel Y F4AYo= dASA

22. 54 =d 44

Zg2gMolv F F9 RUHASE AHEde
22488 AA FAH 7lskEd 32 d3Al
1AM 71EASAS, WYL £ URASs o
o @dAs §F S Ag 2AEC distd 4A
Azl T FE 2= ASE Ao} =
olg]-go] omR AY o] FHFsA HAAA
25 AHg3He ol RUAR AMEAlOl ISk
3 AN 472 AFE 4 oA fElsith

AAL Y 3R YT 4 =2d AL
AAAEQA Al 7175 ¢EF B-A( ¢60x100mm)E
ARERE  AME3Y 350ton T A(YE,

Neagari Co.)dllAl Fig.2¢} & 3o =2 APS)
At &FulE ARF 7175 70758 1 AT
o] ARSI 7tdexol WE HAPA-L Hot3)r)
93l ¢50x90mm A AE 390C, 420CS} 450C
2 27 714¥F 50% ¢EAP-L sd.  A¥
A3 30T 420CY AS-dis *53A A
BEIR oY 450C 9 7ol AAo]=9 LR
A #gol Jelgon, ¢x3g Fo 2x4%
o] Adog 2AY & YL AAY & AN
kA EAPe] AFAZRE AA JHLEE
7075041 2] 3 gz Y 390~4207T,
T I 300CE 2A3Pey, LA
g2 A FE2 2ol ZARLH JE(T
ZR)el TEES AHESYY. Fig3d 2dAR
Ao ot AAE Ul ZIAA @dxF9 4
vl A g A o]},

23 £ 84 94

RdAY A9 BEFAHALITAHY AL 3
T Os SAEN B A7 FLF3RQA dAe
Z¢9 PdzxFFd dsd DEFORM2 o8& &
o2 HE AAIYPT. EF BEFHETHY
Aol FAA AurAQl dx FeEx T o)
¢ dMS sgden HWRINFL 90008 ol
Aok AALE 420TAHA F2 A 3yx,
$9-dYT & BAE Altan'” 59 ZHS A4
sl Bz 2 HAAFW oty T&2F 4
Q)8 AF&3l9t. 420C+e As9 715H4H3 &

S FAZ & A A3 dodolmz 2|(2)d A
WY e w3 A gt}

0 =84 ¢ (kgf/mm?) )
AAlE A7 BHQA FAR @2F ADA ALE
g A9 YT 71U ¢233Xh410mmE 3+
ov, npAAAST me 032 A&k

24, E9X d=F A

92EFL A¥94% 75mm/sec?] 25008 A
(915, Lake Area ColollA 7Ngsigct. AAs
(F)AAFHAAM AAQ 15U E AEFRF F
460ColA] 30A1F & dRAZAF F AF
233 mm= UEF EAE ALY 16719

-220-



2 F 1270 400CE, 4= 420CT=E IE8=24)
A 7tdag R, 28 30TE dasgt. &
A 2449 ol3ViE ZaEed Vg
(U752 EFE-L AMS-34T

3.2% ¢ 2%
31 24 29 AY

Fig.49} Fighs =244 AYYE 3
Zd &A% FY2x 2 AL uE Y
359 EXolt, oM FHex= T FAF
o A9 REd 58 4g A/ Huwk
ola AT E FAH AFY 2A2E Higtol
tf, gxiFL FILEJ 160THHA 260CT=2
W3, AAL2E7F 300CoHA 360CTE Wt u
2} 188tondllA] 100tono. 2 oF 45%0)4<) ZA7}
AR w2tA Al71759] BRFHNA FHAE
B 24714 € IFF 2=/A AF3F
vAe 9 FHIA & + ANl E &FF
3152 Scheyd] 7444 A AL Ao} v
g o 36%A 66%71A 27t USE st
o, a0 wa} 25008 ol AA BxF
9 A% 7+edE 719E + ANTH

32 #§ 84 34y

AuAZHA =ol Bmm7tA 765% FE=H ¢
A gz HUEFL 240802 AXEHAG.
a3y ¢530Xh96mmel F HAAe quAAFAZ
HEl ¢540Xh1855mme! EAA dxF A
AYsxe 3500808 Aislo] SA® AL
fAxE Fu) §Fo] 5] AR Ygstoy,
gz Ee EAY FAE Figle AARd 44
gz ZAZNE{IA Age] Jed Ao
#AasEdet. g ERX g2 FY FHEAA
de FA A¢A ndAE FAAGR 7P
283 2%t Fig6 B3P U g
Z 334 A% 9x2F9 FE WL X
E2HIFY Y fFEAYYEE oF 172 99 ¥
a9 of 324 vF HAFPEI} A3} FEF X
o] Moy} BEFge Afo Ml adxA9 |
F= 158 13 900089 3Foz FESI
AEL § 42 FdzFAY wHIws FIF
#He S ¢ 5 U

33 XA dxF Mg

SRR GxFL 92 EF s Ad3as
7 Almmg! EAA] 799 FA {fF8 L2
A AR HE ARl 46~52mm= FHT 8
mm A= FAHeH 2AZ 2= 4AF tlo)
Agol dojuxEs Fgort JANE FAH F
dsted AFoz AREdV|¢le F83] FEA
. 300C= qlgd3 332 180~225C=2 &3
Qer, 40C=E 7149 £2AEL T4 AT
Z}2y 335°C S} 268Cola 420CE 7147 AS
o= 389C¢} 318CE FAHNT. AAe %7
= Zlolol mE dxFe HYFY T R F
HEx gt Fig72 400CE 7193 &AE
o] Ay @dx3F Fol AFFEY 3FA= ot
A & A9 FEA oA FS 2 HY
o] A7 F3o 7} AA AY3}Folth. M
gz Fazd dte 44 Jepden, X
A4 ARE A vt QA gRgM=
g4 A3 238082 85%% 2016E, Fezd
Ae 4 Aagl 340089 63% 2,139E71A]
ZARHAT. AN dx9 AS Mg F33%
o] Mlma #F gz oy Foxe Hg:
4A7 ABREol oA LY d2F9] 3
Aol & 4 gRo] LA £F RIS WY
F1 Aty Fig8e EFAYITAHLR /idE &
X GrFolo},

4. 2 &

fFEeads a3 94y gz FHo=E o
10,0008 Ax9 ¥ Y= 3= Al 7175
N3 ZWA G2EL 25008 Tl AoA Nukst
71 9% A7 dx oS3 T AL A

L AAAgY ¢ ALY A8 g 4
AtATE AHE F oA 7= §
o2 AFE 5 ANern, AA d2A 4HIPF
A A ARZAHE 100% &-§-°) 753

2. dAgze JIAIE 2 ANgE 34 2%
Ho 2 83l 25008 Ly XolA 9,000% o]
A9 AY3lFol 4oy 4FoiE Y d2ES
N3 o

_221_



n¥l

3 £ 6. Nippon Kokan K.K. : “Experimental Techn

-ique Using Plasticine”, Rolling Technology
A.R.Canfield, EE.Andersib : "Space Shuttle Laboratory, Technical Research Center,
Nozzle Development”’, AIAA-78-951 (1983, July)

R.W.Magness,].W.Gasaway "Development
of a High Performance Rocket Motor for the
VT-I Tactical Missile”, AIAA-88-3325
C.Ouchi et al, : "Development of Heavy
Forgings of High Strength Aluminum
Alloys”, NKK Tech. Review NO.55(1989)
244 T ‘dE BFEA 94 Bossg Al
g F4st AW, @233 SeAd

FEd T, HAAGR 2 BFAHAYHE 08T
HNE &5 92F IAND, dVASS =
#3], Vol.18, No.7 (1994)

S.Kobayashi "Process Design in Metal
Forming by the Finite Element Method”,
Proceedings of the 2nd Int. Conference on
Technology of Plasticity (1987, August)

T. Altan et al, Forging equipment,

3 =83, A43 (199%) materials and practices”, MCIC-HB-01
294 F : “Al 7175 §F SxA 9 F3 7t (1973)

FTAA7E vAzFe nixl= 9, A5 100 T. Altan et al, "Metal Forging
FEF7] FA718 &3 =23 (19%) Fundamentals and applications”, ASM (1983)

Table 1. Shape Complexity Factor, C

Value of C
Upsetting 12 - 25
Simple Shapes
without flash 3-5
Closed Die Forging with flash 5-8
Complex Shapes
with flash 8- 12

Table 2. Prediction of Forming Load and Results of Model Design

C - At(mm®) Load (ton)
(Kgf/mm?) mm ad {ton
Conventional 220,022
4 85 !
CIOSBd Die Forging (¢540mm) 7:786
212,371
Upsetti 1.8 85 ’ 3,249
Complex psetting (¢520mm)
Forming Forward 186,016
85 ’ 4
13,273
i 1. 85 ’
Results of Upseting 8 (6130mm) 203
Model o 3 o
Design orwar 85 )
. Extrusion 3 (¢135x¢$59mm) 2%
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Fig.l Forging drawing of aluminum 7175 flange
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Fig.2 Proposed complex forming process for model test
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Fig.3 Preform drawing attained from results of model test
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Fig.4 Relations between forging load and die temperture
at model test
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Fig.5 Relations between forging load and material temperture
at model test
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a)

A= 0.
B= 0.22357
C=0.44715
D= 0.67072
E= 0.89430
F= 1.1179
G= 1.3414
H= 1.5650
1= 1.7886
O= 1.7886
A =0.26494

b)

A= 0.13871
B=0.58648
C= 1.0343

D= 1.4820
E= 1.9298
F= 23776
G= 2.8253
H= 3.2731
I= 3.7209
0= 3.4469
A= 1.6363

Fig.6 Effective strain distrbution of a) final stage of complex

forming and b) conventional closed die forging
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Fig.7 Relations between forging load and upper die displacement
of a) upsetting process and b) forward extrusion process

-225-



Fig.8 Al 7175 flange forging product developed from
complex forming process
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