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Table 1. Chemical composition of aluminum
alloy 7175
wt6

CulMg|Mn|Fe | Si |{Zn| Ti}|Cr| Al

1.6 12.52|0.01{0.1110.06 |5.41|0.01 [0.19 | bal

Table 2. Deformation and heating conditions
of the die forgings

Step Conventicnal Deformation
Forging Equality Forging
Aluminum  alloy|Aluminum  alloy
Billet 7175 VaYGs
$200XH265mm (200 X H265mm
Ta : 200C Ta : 250C
Ty - 400C Te : 280~300C
Red. : Red. :
Upsetting  |H265—H104(61%) 1st :
D200—D3% H265—HI185(30%)
2nd :
H18—H104(44%)
Ta 1 230~280T
1st Preforging - Ts ¢ 280~300C
Red. : D325—D416
Ta : 280~320"
9nd 3280 320.,(:
Preforgi - Ty 280~320C
e Red. : DA416—D430
Ta : 200C Ta : 330~400C
Final Forging [Ty : 400C Ty : 400~410C
Red. : D325—D437 Red. : D430—D437
Solution Heat |470 "CX1.5hr, 470 °Cx1.590r,
Treatment |25 °C WQ % C WQ
Stress Tx52 Treatment |Tx52 Treatment
Relieving
Adi Ist: 115Cx8&r  |Ist: 115C X8&hr
M8 lond 170CX1%hr  [20d: 170°C X 12hr

Table 3. Tensile properties of the 7175 die

forgings.

Conventional Deformation Equality

Direc-
tion TS | YS | EL | TS | YS | EL
(MPa) | (MPa) | (%) |(MPa) | (MPa)| (%)
L) | 475 | 408 96 470 | 371 | 118
S50L) | 470 | 389 | 118 | 466 | 378 | 116
2AT) | 467 | 384 | 124 | 467 | 377 | 145
AT) | 464 | 371 | 116 | 468 | 373 | 151
AST)| 465 | 392 70 457 | 371 111
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Fig.2 Schematic structure map for steady-state
deformation of aluminum alloy
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Preliminary Design 4}—~

o Manual shape design by experince & calculation consider
(Finish — Preform 1 — Preform 2 — Billet) s
% Pressure, Volume, Shape, Die condition
&
Forging Analysis 4_}*
o Stress analysis & temperature analysis
(Billet — Preform 2 — Preform 1 — Finish) consider
* Estimate ¢,£,T stage by stage e
% Check the preliminary design
O
Incorporation &
Optimization
o Incorporate the analysis data Structure Map
and optimize the shape design el
whether conformed to structure o Optimum deformation
map & forming limit diagram Condition to obtain
the controlled
microstructure
o Determine the optimum forging Forming Limit
design <& Diagram
o Maximum accumulated
Strain to cause fracture

Calibration Design 4}

o Determine the cold deformation percentage
o Analysis of cold deformation by volume control

Fig4 Sequence of deformation equality forging design

M2
M3 o

SRANN

Fig.5 Sampling positions for microstructure and tensile tests
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(a) CONVENTIONAL
FORGING

(b) DEFORMATION EQUALITY
FORGING

DEFORMATION EQUALITY

Fig.7 Description of development
FORGING

of intensive metal flow and
uniform flow
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crographs of the typical grain structures showing well-recovered(M1),

Fig.8 Optical mi
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Fig9 TEM micrograph of typical subgrain structure developed by dynamic recovery
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