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ABSTRACT

The microstructure, tensile and impact properties of forgings of 7175 aluminium alloy have been
studied as a function of intermediate thermo-mechanical treatment(ITMT) process. The ITMT process
1s consisted of warm working and recrystallization. In the case that the billet was warm-worked above
60% below 250°C and recrystallized at 475°C, the grain size revealed about 17um which corresponds to
one third of that of conventional process. The refinement of grain size leaded to the improved ductility
and impact energy without sacrifice of tensile strength. It was found that the ITMT processed speci-
men behaved isotropically due to the near equiaxed grains. It was observed that the ITMT processed
specimen showed the mixed fracture mode of transgranular and intergranular, instead of
intergranular mode. This change of fracture mode contributed to the improved ductility and impact
property.
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Table 1. Chemical composition of 7175 alloy and the specimen used.

Zn Mg Cu Cr Fe Si Mn Ti Al
AAT175 51~6.1 ] 21~2911.2~20 /0.18~0.300 <0.2 <0.15 <0.1 <0.1 bal
sample 5.40 2.74 1.66 0.20 0.08 0.03 bal
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Fig. 1. Flow diagram of experiments of ITMT process for 7175 Al alloy.



174/7175 @3 w249 wAzd 7148 Jdd miAs FANTIAY %

Aol ARSE 2 AlHe] go A 154 d
JE9 HAZYE A ITMT =1 AEL AHe
27 15mm x Zo] 40mm, FHARE @XAHE A
110mmx Zo] 110mme] BAto 2 43 2 7133t
Apgstgnt. ITMT 2AIEL A7]e) B2 E
AAR FEE FEY MIEo] dojU=s 482TC
A 3AZ FAFE =Poem AFAst AHel(re-
homogenization)3+ & QIAER WA (Ins-
tron, 4505)¢ll4 ¥z G2FHY ZHx E2E
Ak AEAEE sldlen, AZA Asd viAe
T4 e dEg B LR, 7Y B
AFRAE 258 ¥ hexe 9%
sty Yl SFEEEE 25°C, 200°C, 250T,
310°C, 350°C, 420°CAA 7H%E 60% 2 LA
A &EF7Fee AL, g 4%E A
71 98t 7hgeEE 250 CE nAsn, 7HEEE
30%, 40%, 50%, 60%, 70%, 80% & W7zl &
A7Fe-g AT 237 E AlEE 398 98t
o] 4757C 9] @& (KNO,+NaCl+BaCly)ellA] 24]
7 2o ARAXNYE sl¥ed, 510CHHA lhr &
Hah AAdt & T74 ANELA(107°CX97hr+
177°CX6hr) & s}, =3 &7hEe 250°C
qA 60% 2 AR & F AEAMY 2=EE
300°C, 350°C, 400°C, 460°C, 475°C 2 W3IAIA
NEH Aeg FEIIAT
olgA sty ol 717589 ITMTZEH QxS
olgste] Fig. 2(c)EH o FTUAYe FPzEE
5008 @] ~o]A cross head speedE 105mm/sec
2 gzt =% vagrhE 918k Fig. 194
bt AXY £ Yy IYR o) fshe gt 1

9z (HF), F223¢ #2347 99z
1= 0.

Y

B L

(HF-BM)#} 18)3 3% 5929 ITMTE 2%
& 24 (HF-BM-ITMT) % 3722 o] 49

&}3ict.
ol ITMT ZAANY Algc vH FHFA, 3
o

BEAY A8 7 FAE ReA vz

R4

Fgslgon AH2EA7)(Image analyzer Quanti-
mum 520)& o}g3e] wj& 30002 2FYAVE
Qs Ar}. w3 A7 WA Fo] HEELHE 9
st FARARIE P (SEM, Jeol 840A)3 EDS
(Energy Dispersive Spectroscopy )& AR89t}

ZIAH AAL AFAIEY FHAEE d%len,
ARAIRL Aolx] Zo| 10mm, &7 3.5mm¢) sub-
size AJHE 1x10°% ! HY&£z2 HEF 108
9] ¥hsA]¥7|(Instron, 4505)0A Al¥slgon,
2ZAEe 23+ 360J< Algs Charpy 33
A1@7191A T4 Smm, Z 10mme] sub-size2 A}
ol 5.15m/sec FALER FFAAUA(EL), &
A= (B, #ERFANR](Ep) & ZA3
o

Agel Aoz FAAEEE FHHF)H F3H
72 dxjg] AELFA(HF-BM-ITMT)o g2 43
vlstgdon, AdFAIES ¥ (Longitudinal) 4&}
3) (Transvertse) W3F, 2| F4 (ST :
Short Transverse) WaolM M=z -1 gkg vlwst

il

3. dEda W

3.1 X2 & XM2lol| g MEEYO| B}

ITMT z27 A)38% 7175 29 2714dHE 2%
A A i HME Folu, vHE 2ad
& o §8A1717] 8 & dds) AeE A
ojny, o] Aefe] w2 AF 0.1um FFe] w4
3 EAF 9z} &, Cr 84W}H(dispersoid : Al Mg,
Cr)®t A% 1um i 2 MAH(MgZn,+
CuAl) e g A" oAlg E4e & AZ2AA
of Aol E& Walstd wAlg AAEY BEE 7
ot Bhe, Zoist Mg duslr] e el
HNEBEA F4 23 7HA AEdE EAYAA A
AR 3 A A2 g B ATddMe =
7] “deiel ARE Adst EHeElsied ol ¥
7t ©F ZUig Mo 428 Hdsslr] fgolt



e FA-ITMTHMe A7Est Helg o=
482°C7H2] 7FE% § 260°C F271A] @AY =49
& 2Ae AZEA AEE 9% 2r\zdes dAst
I deu, & AtolAe Aadg 1t 482C
A 7YEF FetA AR =dEkh. Photo. 12
7175 7)ot A Astx ] deelA FApEAE
nAe 2 22M3E 1 ZAoln, z7]4elo vls)
A AstAz] Foll= Aol oF Sum, 27 1umz27]9)
Mio g merss B B 74 a5 Unst
aA e A& ¢+ Ak

EDS #4Z7E 59 g 488 F2 Cu,
Zng 749 ol A HA R EAsh= AL
Al, Cu, Feg 74¥9 FAHFERZ BAYHYoH,
AlCuFeAl g FHHCE.

AlgEe F7hedAgdAe datel 25, 2
71, ¥ ol AAA T3 9 @} FaF
A=re] Z7]= oF Lum o]ifolofop A Aol o AfA]
A2 2Rste YAzt HFo] 2 of FWEGn
Ligs RO

3.2 X@Hol| ojxl= RIVIBRTS JE

Addsl Helg AA A HE2EL HEA7
AlHE A2(25T)NM (4207 &g
WASIAIA 60% ) AE7HE(upsetting) & =UF &
MAARAE Fozn AZAA vAe= vlRes
W3le] A9E #23 A9} Photo. 29 g}

(a)

(a) Before re-homogenized

BRIEALEEE 104, 39% 1997/175

Fe7HE 21 kg w7t 250°C A E 1)
A& 55 (equiaxed) o ZAA Yol HA=ol H2AA
ol Falstglont, 310C olie] merky £
dMe AEY 4L Ao Rolx| i, vhgdol

HER Hel§ FENVIE AMste] A4y 2 E
ZHT A3 rhes J2dM Bge ALE 6.7um,
7.0um, 13.2ym, 16.8um 2 17.2ums AH o, 310
CTolde] 12 Me vl 9 Aty oz Y2 Qy]o] nj
¥ Zdg 2P JeRidn. 207k E4e
7HEEE oty EHAE A, & AAGFE
& Hojste] AU E woan A4 8wy
& F=dh] fdE Aol gLyt Eoks o 4
ZAo] e olff= AR BaF iz} &4
A g, deEo] R AHHUYY] W 2
o2 e, d8eg St Eenst 58 AL
A= o & 7kl Had Aojo, AFLoa] shy
g ASolle £yl ARo g FYd H3o] oS-
o8 98 7hsde] =& Aojuh

o 22 g vk Aub ol fAHo] vheht o
E& 200~2501TQ) S7FEoddolth. H diptof 4]
= 7THEEE 2250C 2 AAst vz A|Eo) 7
&3tleh. AR Helol 93t AR vlAsl 2o
L7 ofal] zuidt MAfo] Az} o} A Ay
o drag force® z&gtoz HAA AWM 4

(b) After re-homogenized

Photo. 1 Scanning electron micrographs showing the distribution of second phase particles of 7175 hillets
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Photo. 2 Optical microstructures of billet deformed 60% at different working temperatures.

a) 25¢C b) 200°C c) 250°C

d) 310C

e) 350°C f) 420°C
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Photo. 4 Optical microstructures of the samples treated at different recrystallization temperatures for 2 hours.
a) 300C b) 350C c) 400°C d) 440C e) 460°C f) 475¢C
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Photo. 5 Optical microstructure of the flange type of the die forged sample.

(a) conventional proces

(b) ITMT process
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Photo. 5 Optical microstructure of the flange type of the die forged sample.

(a) conventional proces {b) ITMT process
Aggzofl 7P7he- Dhdeln, o2 lale] AN Kol #e 7o e

Table 2. Tensile properties of the forged parts.

Tensile properties

A % W ] Al A\ % YS(MPa)

UTS(MPa) E1.(9
0.2% offset (%)
_ Longitudinal 523 456 12.4
71¥E% %3 (HF)

Transverse 536 472 13.0
Z2I1Ed A 434 Longitudinal 537 467 16.0
(HF-BM-ITMT) Transverse 534 459 16.2
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Table 3. Charpy Impact Energy of the samples.(ST direction)

A = w9 FERAINR] (Ei) Fg A=) (Ep) % FFo=) (Et)
[J/em?] [J/em?] [J/em?]
71&3 4 (HF) 1.630 0.555 2.185
FWIANANETH 2.337 1.510 3.847
(HF-BM-ITMT)
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Photo. 6 Fracture surfaces of the notched Charpy impact samples.

{a) conventional process
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