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The Effect of Die Design and Process Condition in
Precision  Forging for AlI7075 Alloy (1)

Y.S.Lee, JH.Lee, H.S.Chung, S.Y.Lee, DW.Lee
Korea Institute of Machinery & Materials

Abstract

Aluminium alloy have been used extensively as forging materials for aircraft
components due to their high specific strength and corrosion resistance. A large
portions of these materials are used as airframe components consisted of various
combination of such Rib-Web structure. But the problem of high forging pressure
and defect which were caused by narrow Rib thickness prevented from the
favorable developments and laboratory scaled trals. In this study, optimization of
forging variables such as corner radius and temperature in Rib~-Web structure
were established. The 2 mm of corer radius minimized the forging pressure to
get the fixed Rib height, which well coincided with theoretical result according to
Upper-Bound analysis. And optimum workpiece temperature was below 450 °C in
consideration of grain growth and forging defects by local melting.
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[BC] = h cotd (1+tan®6)"* ---—-—- 2) & EHET

x = H/h 8 AY3H

[AB] = h cotf (1+ x tan®@)"* ——=----—- 3 2 ¥8"0
38 £x BYXF Vabx , Vber &

Voc = Voa H/h = x Voa , Vob = Voc tan8, Vab#* = Voa® + Vob’ .23 ¥
Vab* = Voa (1+x’tan’ @)Y ————---- 4) 2 g5
Vbex = Voa x (I+tan’@)Y? ————--——-- 5 & ®ddACt

H

2 92),3),4),5 & 41 ddstd ALsd

Po = {k/ (HVoa)} { [AB] Vab* + [BC] Vbc* }
=k { (x+1)/x } cot@ ( 1+ x tan’f) ————————=~ 6) 2 BEATH

#8 Po & HAAHATE YA O &S A 6) & PRI} FEF AT

dPo/d 8 = { (x+1)/x } { sec’§ (x tan‘6-1) / tan°@) = 0
1 =xtan’0 , He=21.2°

zo]A Ribxold ded oM dx 48 Po & 6
Azl 212° 2 HASWEAN FLo| #FY AFE ARYSF vk W 3™ 2
Ao APHA o & U 2 mm F2NM dEIRSES &5 UM
ag s ad 6 e A6 oM Pok g 0 9 olgxd #AG ZY W3R
go] HEAY T[AS YA ¥ AFRES vindtd 2 o ¢ AL F 231
A4 g Ax9 AL o 24 mm A G5 AU olT BAHA A3
= 450 KN 9] 943 929 oA Zu7zol 2 mm I AAE Abeg o Y
Rib %o]2 2o A8H Azst 71 Age] A&k 28 7 & TY WHAES 2 mm

1A AL UojA 2A £ BE Rib ®olE 3T Aot &4 2=
7} 350°C o)A 450°C 2 278 W Rib EolE 12 mm oA 20 mm FELE 7+
gon 2 £x7} 500°C & ¢ F7E A9 Rib w°le 2 Z7}ee HolA
gkgrth ol 200°C o B8 L= A =7 FHE B 2xx7t FUhse
2 283 AA9 HEWA tho] FA(Die Chilling) o oA¢ vb&F EHA7} 271317
gEolt) AAZ FEY 2ALEE RAT L G2 F¢E HoldH 7t A
o Q7] W e e nE APos @xA LAY §Fo FEF olye} A
= g 2 UM FYH JAH BAE &5 de FHl A a5y B4
e He)E 39 2 28 A7 (Quenching & Tempering)©l o AzxHE €L ©
z Yo AT oA AR B0l FAR AHI WEd FLLxEE 5
2 g5 Fstd AFHH, DR G vxe tolIIE HaRE ukoto 2
~g"0. =5 ¥37) RE 2 A FF 2AE 9] ARHE g GFuE
(7075, 2024, 6061 Al §) &AW AF, <& 500°C o]} LEM= AR3YE A3H 2
e Euo] ZEAHQ &7 wAEA A Frsmz A FE A AN go

HAas Ad de 2HES

o oto oy JN

—_

~ 108~



A1 oA ZWAN B w vzEY AF S8E FRAINPA tolago)
A% Pt AATE H23 ) AME BUARY Do S A Fe 2734
H22EE F 450°C I3t 1L E MFFE Aol B} -2 &} o}

4.8 =
3 @z LEE WA
2 g

1) Rib%t Web®] Zo] 3:209 o Rib 29} Web Atelel I whAo] 2 mm 9 AL
TAL H¥Ho2 A Rib B8 de4 gleg d¥Hoz Hesay

2) Y WHAo] wisld ©xEe F& $59 B 75 fF g4 g2 4y
HE BAE YANYo s APy, 1 AR X EA4U FAM59)
Ze] 21.2° 9 W 4¥Hol il Hy o FUTRELS AP A)H 9 Metal
FlowE #&3% 23 2~3mm Abolel N EHFe o & AR

3) Hel AEE7} 200C U AL, HE {FEA opF AdEe 4 2 dxEo 7
AX 4 F4e JsME B2eEE & 450°C olgtol A EHARPA Ao WAy
HA %€ ADLEE Ao g} o= 24"l 438 A S8
W oEz YR o) e 7HE gEI)RT Hgo] T&d}y] wojt},

2ang s

(1) D. ]J. Altenpohl, 1986, Aluminium Technology, Book 1, Plenary Session
(The Institute of Metals), pp. 17

(2) A. Wilm, 1971, Metallurgy, Vol. 8, pp. 225

(3) D. S. Thomson, 1976, Symp. of Aluminium Alloys in Air-craft Industry, Turin
pp. 115

(4) Jon E. Jenson, 1970, Forging Industry Handbook, pp. 215

(5) Chen C. C., 1979, Lubrication Challenges in Metal Working and Processing,
2nd. Int. Conf., pp. 147

(6) William F. Hosford, 1983, Metal Forming, Mechanics and Metallurgy, pp. 146

(7) Cook C. R., 1979, AIAA/SAE/ASME 15th Joint Propulsion Conf., pp. 1

(8) ref. (5)

(9) Avitzur, 1968, Material Science and Engineering Series, Metal F orming Process
and Analysis, pp. 163

(10) Jon E. Jenson, 1970, Forging Industry Handbook, pp. 217

’

—109 —



$20

Punch Case

Punch

L

Die

==
7

Pressre Plate

¢
A
I A
55
38

Corner Radius, R
3

vy

Fig. 1 Schemadic diagram of forging die and punch

25

— N
&) (@]

Rib Height (mm)
o

Fig.

Forging Temp. : 450°C

O
i O O
Il | ! | { i
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Corner Radius (mm)
2 Rib height of forged samples with different corner radius

—110—



~
N
,( b

el

N ":\\: LA
POk g

1R

18.6° 27.5°

Fig. 3 Macrostructures and velocity discontinuities observed in forged

Rib-Web prototype samples
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hodograph (b) for Upper-Bound analysis
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