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Microstructure and Fracture Toughness of
7175Al Heavy Forgings

O. Y. Lee and S. H. Jang
Division of Advanced Materials Engineering & RIIT,
Chonbuk National University. Chonju 561-756

Abstract The 7175Al alloy is particularly interesting for its high strength and sufficient ductility, fracture toughness
and corrosion resistance. Currently vigorous efforts have been made to develop large rockets usable for various pur-
poses in the space. This has created the demand of big size of 7175Al billet which would be applied to heavy forgings.
The aim of this study is to investigate the quality level of big billet and the effect of billet size on the mechanical proper-
ties of large 7175Al ring roll forgings. The biliets range from 370 mm to 720 mm in diameter were homogenized and
forged after direct chill casting. The size and volume fraction of second phase particles in 720 mm billet are larger than
those of ©370 mm billet, and its ductility is lower for the condition of homogenization and T6 treatment. The Cu-rich
phases formed in interdendritic sites are considered to provide the preferential crack path during cold upsetting. The

fracture toughness of ring roll forgings which are made by ®370 mm billet is higher than those of ®720 mm billet.
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Tabel 1. Chemical composition of 7175Al alloy (wt. %)

Si Fe | Cu [ Mg | Cr | Zn Ti Al

0.012}0.151) 1.60 | 2.77 {0.242 | 5.65 | 0.036| bal.

it i

= g AEE 7). HEHEIIA KOS L,
LT, STH3k] ¥F CTAIHE A F HFE Al
W2]9] {FNESAIR 7 (Instronfit)S AH8-3}ed ASTM
E-399 74l we} Al

3. a#EH ¥ Df

3.1. D|M=3

TXXXA Y ¢Fu)EEE LYEE direct chilEZE
Hog Az of YES] guLT mEr| wfio)
HIBEZNE A HH, o)1= AR celilio] HHY
o] vERdth tigo] 788 RA SuEHE cel3A
= HIBEYY] AEH FAE Al 24YALE0)
FEHT, ol AL WIYE Qo) AAFE F}
5ol FE3AQ GUNARA FEE 2P F 3Uch.(6]
Hd F2dEes] dds e F2A) Pk 9%
2o s, U] BN 9 AgH SRPES da
AIA 784S A 5 A7) wiEol wi=A] Bed
FAoltt. ol 71E&EE A FHRNES 7AW
A AEA7|3 ALEE LA sk MA3) 7L
dsfof 3.

Fig. 1& 2% WIEE 300°CE g9 723y

i, c o1 it f. 3
R 7 1 fd':;,,_;l’d'}j 50 um

(b) 2 e TS
o :
3 2 .\‘_g
5 o 2 . ',,r N 1
ol % ; oy 8 - cid
- e P -‘L -
iy gl J;-,.L e
.1. > 5’ z : 4
e .-r 9 50um

Fig. 1. Microstructure of 7175Al alloy cast billet homo-
genized at 460°C for 24 hrs. (a) ©370 mm billet (b) ®720
mm billet
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Fig. 2. The area fraction of second phase particles in 7175
Al cast billet. (a) ®370 mm cast billet (b) 720 mm cast
billet
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Fig. 3. SEM micrographs of 2nd phise’ particles in ©720
mm cast billet.

Table 2. SEM/EDS analysis of 2nd phase particles in @
720 mm billet

Content of Components (wt.%)
Al | Mg | Si | Cu Fe | Cr
point 1| 5725 | 034 | 0.45 [ 1407 | 21.54 | 624
point2| 2893 | 1.03 - | 8820 - 0.03
point3| 69.17 | 7.64 | 0.16 | 488 | 032 [ 1759
point4| 2163 | 1.69 | 022 [ 7630 0.08 -
point 5| 19.66 | 17.94 | 6182 040 | - | 0.04
point6| 54.04 | 1.22 | 028 |[1064 | 3127 | 0.44
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Fig. 4. SEM/EDS analysis of 2nd phase particles in crack
site of cold upset specimen.

Table 3. SEM/EDS analysis of 2nd phase particles in cold
upset specimen

Content of Components (wt.%)
Al | Mg | Zn Cu Fe Cr Si
point 1|59.44| 0.60 | 3.61 | 842 |2763| 034 | -
point 2| 48.76 | 734 | 20.85| 5.50 | 1.67 [15.77 | 0.08
point 3| 27.63 | 0.41 | 2.51 “.ﬂ 031 | 0.02 | 0.07
point 4| 34.06 [ 1.16 | 1.35 |62.97| 0.22 | 0.06 | 0.12
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Table 4. Result of tensile test after homogenization treat-
ment

Billet size @370 mm billet| ®550mm billet|®720mm billet

TS(Mpa) 2246 2412 2393

YS(Mpa) 92.2 110.8 110.8
EL.(%) 16.7 13.9 10.6
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Table 5. Result of tensile test after T6 treatment
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Fig. 5. Diagram showing the fracture toughness of ring
roll forgings. -
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Fig. 7. SEM fractographs of ring roll forgings after fracture toughness test. (a) ®370 mm billet (b) ®720 mm billet
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