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Abstract

Since aluminum alloys experience both tensile and compression deformation modes during forming process, it is important

to understand the role of deformation mode on the hot formability of metallic alloys. In the present work, the hot formability

of Al7050 alloy was investigated by conducting both tensile and Gleeble tests at various temperatures and strain rates.

Processing maps representing low efficiency regions were observed at low temperature and high strain rate in both tensile and

compressive deformation modes while the maximum efficiency regions depended on different deformation modes. Moreover,

samples tested at stable processing conditions presented a smaller pore fraction than those at instable conditions that resulted

in crack initiation during plastic deformation. This result shows that different deformation modes during plastic forming can

affect formability changes of metallic alloys. Understanding of tension-compression behaviors will help us solve this problem.

Keywords : Aluminum alloy, Deformation behavior, Processing map, Formability
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Table 1 Chemical compositions of as-cast A17050 alloy.

Composition Al

Zn Cu Mg

Content (wt.%0) Bal.

6.03 2.23 1.47
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Fig. 3 True stress-strain curves of A17050 alloy obtained by Gleeble test at (a) 300 °C, (b) 350 °C, (c) 400 °C, (d) 450 °C

with various strain rate.



ox I3 FEeHS FASE A S (steady
state) 7} A, AFAFNA BT R mIh
HYPEE HFoA] 257l Hold4s, ¥MygE &5
7F Gl s AAA fesEHe] AasteE A
S Holn, 2ko} WMYPE Hx Wl Ui =&
NAEE A3 ol 2% Fold S A9
olF S Wallsts AxTE Hojx WP o] dojit=u)
Qe SYgke]l faseE HY W¥EE FLUt
7t A9 Fssgor 3 & 7 H
st a9V Yehve AES on gt [17,18]. H¢ Fig
34 B ¢ Qo] dEATY HMYE X 107!
o] FAA IF(fluctuation)©] T = o)==
A8 @ QA o AspAE He =3 A

3.2 48 A7 2Y

A Alm 2del ostd a(MelA Wy F<l
A5e= ¥4 8 olyA] Z4FA(nonlinear energy dissipa-
ton= T H, iE F AAY vk of

¥ ol
¥
o
E

A7 K &= AR, m
(strain rate sensitivity)S <] v] st} W
THE F oYX (power, P)=
ol JA|(G content)2} WA FZ] W3}
co-content) = W= F Ut} [21]. & YA P = F
-8 ¥EE £59 Fo= YR, G content 9
J co-content = 4 (2)9F o] 54 T3t F AR
o2 e & Tk

5
ox

ek D

P=oé=G+]=[odé+ [ édo )

G B 1 g e A5 FEA0l weh gepd
T dom, EE &k WIZkEd o ol A}
o] AR HTh

aj édo dlogo
m E_ﬁ_dlogs (3)

A7 A @F olesh, 54 LA 1 ik
2 4 @9 Lol 3, WIE &%, MIE H=
bEe) B e & i

¥ 3T 67
J=(5) @)
Ag Wil F5% AqUAZE 42 BEEHe A
Boh wA 22 §glo] 2ol Aol 7y 89 U
= 4 vk HAaA(viscoplastic) LA A <FG A
¢l FrEel ek m ghS 03 1Afol®= BoE = o]
T m=0 %= 59 @S M o ¥ T gdol
WSl m o] FrFelHA mAl A Y Wt St
AT m=15 235t FFdA= 3 244
(superplasticity) S H 22 424 EQHAHS opr|g 4
U7 wZolth [21]. wWebA, T de HAE e
3 -

E%% m=1 OE] Uﬂ, Jmax% 85]/\()?——_}
UeRd ¢ Stk =, AA D
Uebdvhd, ddiso s An

=
tio
—
]
>
o

el mazd s
of AtE= dUA 2&S AT & vk o)E
o] B @Eeole elatn ohdel A ()2 1
9 % 9)
S
n_]max_m+l (5)
4 (5% Be7] AT 7 WY LE 2 W
dE Fe 20dA WEE F& VA7 A4t
ook &}, %™ log ovs. log ¢ @S Al Wg4
S & fitting sto] ofgfe} TS e &+ vk
[6,22].
logo = a(log£)® + b(log£)? + c(logé) + d (6)
a, b, c, Az, 4 (6)

dlogo _ N2 .
Tlog’ m = 3a(log &) + 2b(logé) + ¢ (7)
2 (6)°ll A fitting ste] 773k == A FAT a, b,
¢ B HYFE 25 A (Dol disdste] 20 ¥
B HE RS 7F ¢ Unh o2 Fo 1Wd
E 02 oA AxtE AT R EAEe =1d
HEE £ VIR EE Fig 4 o YUl "I E
S RS 2ANY A #F MEAdS Sdst
T T3 7]Eol7] Wil a2 ¥4 HA =4
= EFche AxE AMREY. 26 wel HEE &



68 WES - 078

(a) |

ox
o
Ho
o,
ol
~N

°
@
o
@

z, Strain rate, s z, Strain rate, s

Z —=—10° 05 S =—10?—+—05

Z 06 102 —e1 2 0810210

7 —— 10" ——10 @ il 1

S os S oa

Y y /

o / g

™ 02 _— B 02 ~_

- . e Y % "

= V‘—o-—7df_=: c —

© oo © oo

et el

w w

02 i . . 02 . . . .
300 350 400 450 300 350 400 450
Temperature, T Temperature, C

Fig. 4 Strain rate sensitivity with various strain rate : (a) tensile test, (b) Gleeble test at different temperature.

L NIAEE 3 o 24 7Ee] AAEHAT gt 9] AP E88 e 2oA rAlx
C. Malas 5& AFA3TS oS5at7] s 434 2l Wzte] g8A4S o= Ar d58 + IAT,
7lEs T #Zol AAsH T [23]. AL FAoA WAskE w4 W A& (dynamic
strain aging), &&F % @il = (adiabatic shear band), 7
0<m<1 (®) 7 < (intergranular cracking), 7|¥(cavity)?} 2 Q4
= HFEHA Ee TAVE AT [21] wEbA, &4
dm
200g) < ) QM A9S FHste 34 Al ke ZE
WY wAlz2s vlefor & a7k
AT AES 5T A9 2Ly o= A Ziegler 52 =74 3 (localized deformation) 7%
old 4 Utk sHAYH Fig. 4(a)9] 105! MPE £ o] WAsle EHAS WYY =S teH
A= 59 BEE S5 WUREE Holw, o 2ol AlA s TH24].
gt 271 ¥y F a4 EQbAgel o Adts
. _ al
MAAD F vk S Y WMPE Hm ongn fe) = Zmd y <o (10)
2 Axkd 99 A 8% sdeA 29 =
A7l wiEed AT WPFTAHALE A A Ak wiZiRE e A (100 E&3te] AlLkE
105! M5 &5 A9t st T oRoen, 3o gs HE W A4 B do o
(@) Strain : 0.2 Strain : 0.2
0.0 1.0 0. >
. \2"?
05fF " o
< < 0.0
[N // “
o 3B 41 © -0.5
- -
g c
e 151 c -1.0
‘© ‘©
7 20} N ad |
c c -z.o
N N :
28 N '25 \
)
-3, Gé \ . P R .3, 14
300 340 360 380 400 420 440 300 320 340 360 380 420 440
Temperature, C Temperature, T

Fig. 5 Deformation processing maps of as-cast A17050 alloy in (a) tensile and (b) compressive modes at the true strain of 0.2.

The contours represent efficiency of power dissipation marked as percent. Shaded region corresponds to flow instability.



Al7050 o] -5 AE A9 1 daa 69

Load direction

m 5;‘3 .

Fig. 6 Optical micrographs of A17050 alloy in (a), (c) stability region at 350 °C, 10-*s™ and (b), (d) instability region at
300 °C, 10! s\, £ = 0.2 deformed (a), (b) tensile and (c), (d) compressive modes.

5 - T
E Tensile-Stable [EZZ] Tensile-Instable
--Gleeble-Siable! Gleeblednstable
R4r
c
O;
G 5
£ dea ‘
Y D
o
o]
a1
0

Stable Instable

Fig. 7 Pore fraction histograms of stable region and instable region.

2 UEpinh ™ Fig. 5(a) AZFATNAE 102~10" s kA F
o a&S Helvh v, hEASH 24 100 s

3.3 HEZE 7t HESEXE H|W gl s ml g v 58S uEhge], MYgrs
AFAIF 7|7} Hol= SAFOR Qs & Ao 7 ZE AolE FsSlth A, T HER
M AYRE w2 Y54 vl Al 029 W T OER Gl 2w =2 WYPE SR P E
HE F55HS 7|Fo 7 3%l Fig 4 ¢ 2942 9] A a&o] wlg 9A Yeldth o]y whe
v o R Ay F wgrso] 39 24k 5§ 4 EES Hol: xHdAE AAWE A s g
24 BEAE Fig. 59 2ol MEIFAER e Aol Q& FF-A LEAAES FUste] B4
WAtk & MPEE B5 2% 450 °ColAM =S & gk o] WA JpsAde] ok W Fig. 5 o &
5 Holu, MEE Hxd mEt Hu a&dddA S FdAoz FAE 24 BAH Fdo] T HPER
2ol S e Fig. 5(b)9 EEFAEAME HEE o] 10! s P E F5 oA g YERe
&% 10°~102 51 Alolo] 1t A FHu) a&S Kol ), dEAFTAAME F/HHoE 2% 300 °C, I E



OB oo T L RO ol , z
KONy TR Mmarw %ﬁ%ﬂ WHoTHA T JT o w > o
TRy oy e A KB SETY g ¥RAE g%
orﬁoﬂm é.o# e mr_dﬂmﬂ ol ooquwﬂrﬂw@mwwoﬂﬂowg‘_ mm,
= A - iy oy Mo ® o) @ om ok LW ~ X m.om;& £ B
Wy o o iy T P = 5 o o E m PN LT 8 <
%%%W_oi 5" a_ﬁa;o% LY om e M%%%%%%@nﬂ -
— olo —~ ; () =~
SEEI T W g I mfiwm_curm%@%ﬂ@@% T £z E
Bedg oy Yoo  Feil SRR LETIRde T 52
S 3 TS T S e N ERR=
PETHSIT o ToFenadT sRleevealdlasil00R =52
6N __ 0 ‘_lﬁ_ﬂ . ﬂ.\_ﬂ N Z._l Ew.c N o o Lt Mm‘_ =y E Z,* Ty X o et \_._mo _ﬂuﬂ Z,.ﬁ ~N 5 rm
D) JI7‘B| . I _ooE N im_.l = o#_ el ) Eol»l;o 2 @ o
iwg%%g%i ~ POPmpWanll 7ﬁ%urm1_s%mwﬂ%m;ﬁmwﬁwoﬂ%w o ==
,w_yl ) ﬁi 0 ! EE [ ° o . fOM_ E T i AT KO v O “:-o ~o = S = E
of T B g i T T g T8 E oy TR BT 52 2
B D g o X I ™ oo P 7 w oy X S e o g a 2
= B8 B o ﬁ@#ﬂe ATz__ouMzﬁie]EVQ{an@liﬂoﬂ‘ It g g =
I B - W mm@méﬂaﬁgomo%}%Eaﬂ%%%gﬂ -
Y wpEpm T e P T hex PRyl s e RO S 2 g
: e e T ?moaﬁﬂxo%oﬂucf%ﬁoa‘?4zohﬁo_owu@ o B2 o -
o N g © n_moNro‘Mﬂ B ,.oﬂjlﬂ_aulﬂh}wﬁg oF 1r‘_ﬂ,|1_s ) - B X ®m C oo iﬂlﬂﬂ_ol k=t = %5
e 2o o o 1 AN T 1Hmﬁﬂoxﬁ mﬁl\_)%ﬁ%ﬂomﬂ -
R Wl WY, T S U B N R £ 2
— @ e SR TR ST W B Tmm
) —
N
B K o BN oE ®O N
Ox# e ‘w XX#!ZOEUTQ HT_A o 1H ) To —_ 1r\l/] R
i T R TR I S e I N e g I N T
=) o HH ol NI G T F W R | o M T oo W, e
Wo ™ 0 o Ar R Mu‘m,log g ATL N mo ,Ew_ W or w N ol 1) =0 ol dﬂ_ﬂ“ Q wr © o} mmoq,%ﬂ o No = D]
== ]]_ ! ) T ol = _— — = ,I,n(a\_ =R
- o b eEET _FIw 3 S FEET TR s 5 %me%%eﬁ_om,ﬁﬁoz_ux
TR T o|) B ]ﬂqoﬂwuvzvi X o N ) ogu‘,mﬁ@_aoxﬂm% W.Wa@]zso
502 awPlui®lew T rER T kTS ER g T W %0
ﬂqutﬂ Mo w B iy Ltﬂﬂbt = Wl go B ‘mLﬂrm‘w.LE#M¢,m0t ﬂ/lﬂeﬁﬂée 7 ,;loj_ﬂ 50 M 1o oEdﬂ]J
T N@u??aﬁ%]%%ﬁs EE%Q]MQ %jwm% lﬂmei% oo
0 - ) = s 5 7 — e LG
‘:O Z‘.W 1 ﬂ_OIJ|‘m“ Lf ,_LI;I._W o M.wr 8o Jlo‘l,uGl U=t ‘m_x‘_lr ‘jl o Mﬂ i ) ) H E‘# EO _.E ﬂooﬂwﬂdﬂ &b ,.Wo
Mo G e e ) RGO %@Q@o;u%am;ﬁﬂgzo o P
T S — 2 o 0 —~ O o r— = B No T RO o
~ A = = =) 9 —_
Trl TR EFTIEs Q@%%%@%%g@%m;%§§WWEWQMﬂ%7%M
]}vx_ mwe :.L o0 ‘DI —_ O#O s Ot ma 1 ! \,IH_H ~) 70 = = o | = ZT ‘._mm._ o a J3\r R T ‘H_OI = MU_I —
T =l <X~ R . o NP2 5 s _O\UJAWE o7
z,wdﬂ@ﬂiﬂylAT,mLm‘_MMEoc,#MMﬁT:T _ltc%owiioi%_.e.rmhuwlﬂ,.ﬁﬁﬂlmorMeQ‘wu]}muﬂloﬁOATﬂomdﬂpr,
ls \_lv.WU WWW ‘H_Oi OE ‘mﬂ ‘Nv_ﬂ WA'L ,mA [l O_H Uo © i__/lL U‘.ﬁ N_I —EE o 1rL sy o . EO C, 17_A| ‘H 0o « ﬂ d” ﬂMﬁ N Of ‘m.#l ‘Aluﬂ U—.E »A‘.* (e ﬂ 1 ;OL
- ﬁ_.;on_ o T e R 7 o N o o ;oxdrﬂ/lo]uT TR Eiﬁ@o@_l T 7o -1
= ﬁo]ﬂuL. (2 ol ® < T B H_m,_ 7o T KA oo N Bo X WS Mdu_ <] = o 11 oo M- ﬂo]qdﬂ HowoE T
7. VL;ALZT w_wzo_%utloz} =T X W mmlﬁqs imﬂuoﬂotﬂ },%oerdﬁﬂooﬁq
Nﬂo_#oﬂuf}moio faaunm_/ﬂ%zoawu mﬂom_x,ﬂwm__boa%\u,ﬂﬂoﬁ;nua_i tmuegﬁaﬁouTﬂEdomeMm
— CRCY ™ ° To T Ho o O - e © B - 2 o o T
W oo ~ F U B N A Mgy B oo BT T MR o T T oy o O ROy RO AR
o qrTwIH EEE R dw M%ﬁ@mﬁ» b T%%ﬁwhﬁmowﬂmmﬁgmo@ﬂ%g?
R Fzdh) PHxh<dTET T &WWMM_%MWNmWﬂﬂl%ﬂﬂ%@.dﬂ.ﬂ%@%%%
AT ORAETRAMT H YT WF LT T



[1]

[2]

(3]

[4]

[8]

(6]

[7]

Al17050 3a9] 173-%F

REFERENCES

Y. Choi, J. Lee, S. S. Panicker, H. K. Jin, S. K. Panda,
2020, Mechanical
formability of W-temper and peak aged 7075

properties, springback, and
aluminum alloy sheets: Experiments and modeling,
Inter. J. Mech. Sci. Vol. 170, pp. 105344
https://doi.org/10.1016/j.ijmecsci.2019.105344

Y. Bao, J. Zhou, Y. Zhang, Y. Xu, H. Liu, 2021,
Microstructural and mechanical characteristics of
direct laser welding 7075 super hard aluminum
alloy/D6AC ultra-high strength alloy structural steel,
Mater. Lett. Vol. 287, pp. 129312
https://doi.org/10.1016/j.matlet.2021.129312

L. Yuan, M. Guo, J. Zhang, L. Zhuang, 2021, Synergy
in hybrid multi-scale particles for the improved
formability of Al-Zn-Mg-Cu alloys, J. Mater. Res.
Tech. Vol. 10, pp. 1143-1157
https://doi.org/10.1016/j.jmrt.2020.12.068

H. E. Hu, L. Zhen, L. Yang, W. Z. Shao, B. Y. Zhang,
2008, Deformation behavior and microstructure
evolution of 7050 aluminum alloy during high
temperature deformation, Mater. Sci. Eng. A Vol. 488,
pp. 64-71

https://doi.org/10.1016/j.msea.2007.10.051

G. Lianggang, Y. Shuang, Y. He, Z. Jun, 2015,
Processing map of as-cast 7075 aluminum alloy for
hot working, Chinese J. Aeronaut. Vol. 28, No. 6, pp.
1774-1783

https://doi.org/10.1016/j.cja.2015.08.002

S. M. Lee, J. W. Lee, H. J. Choi, S. K. Hyun, 2016,
High
dynamic recrystallization behaviors of AA6082 using

temperature deformation and continuous
processing maps, Kor. J. Met. Mater. Vol. 54, No. 11,
pp. 793-801
https://doi.org/10.3365/KIMM.2016.54.11.793

G. Z.Quan, Z.Y. Zou, T. Wang, B. Liu, J. C. Li, 2017,
Modeling the hot deformation behaviors of as-
extruded 7075 aluminum alloy by an artificial neural

network with back-propagation algorithm, High Temp.

Mater. Proc. Vol. 36, No. 1, pp. 1-13
https://doi.org/10.1515/htmp-2015-0108

o Ay 3 FEEA 71

[8] C. Shi, J. Lai, G. Chen, 2014, Microstructural
evolution and dynamic softening mechanisms of Al-
Zn-Mg-Cu alloy during hot compressive deformation,
Materials Vol. 7, pp. 244-264
https://doi.org/10.3390/ma7010244

[9] X.Shang,J. Zhou, X. Wang, Y. Luo, 2015, Optimizing
and identifying the process parameters of AZ31
magnesium alloy in hot compression on the base of
processing maps, J. Alloy. Compd. Vol. 629, pp. 155-
161. http://dx.doi.org/10.1016/j.jallcom.2014.12.251

[10] G. Liu, Y. Han, Z. Shi, J. Sun, D. Zou, G. Qiao, 2014,
Hot deformation and optimization of process
parameters of an as-cast 6Mo superaustenitic stainless
steel: A study with processing map, Mater. Des. Vol.
53, pp. 662-672
http://dx.doi.org/10.1016/j.matdes.2013.07.065

[11] J. Sarkar, Y. Prasad, M. K. Surappa, 1995,
Optimization of hot workability of an AlI-Mg-Si alloy
using processing maps, J. Mater. Sci. Vol. 30, pp.
2843-2848. https://doi.org/10.1007/BF00349653

[12] Y. Sun, Z. Cao, Z. Wan, W. Ye, N. Li, 2018, 3D
processing map and hot deformation behavior of
6A02 aluminum alloy, J. alloy. Compd. Vol. 742, pp.
356-368
https://doi.org/10.1016/j.jallcom.2018.01.299

[13] D. Feng, X. M. Zhang, S. D. Liu, Y. L. Deng, 2014
Constitutive equation and hot deformation behavior
of homogenized Al-7.68Zn-2.12Mg-1.98Cu-0.12Zr
alloy during compression at elevated temperature,
Mater. Sci. Eng. A Vol. 608, pp. 63-72
http://dx.doi.org/10.1016/j.msea.2014.04.055

[14] S. Wang, L. G. Hou, J. R. Luo, J. S. Zhang, L. Z.
Zhuang, 2015, Characterization of hot workability in
AA 7050 aluminum alloy using activation energy and
3-D processing map, J. Mater. Process. Technol. Vol.
225, pp. 110-121
https://doi.org/10.1016/j.jmatprotec.2015.05.018

[15] W. Li, Y. Liu, S. Jiang, Q. Luan, Y. Li, B. Gu, Z. Shi,
2018, A study of thermomechanical behaviour and
grain size evolution of AA7050 under hot forging
condition, Int. J. Lightweight Mater. Manuf. Vol. 2,
No. 1, pp. 31-39



72 WEs - o F

https://doi.org/10.1016/j.ijimm.2018.10.002

[16] O. B. Bembalge, S. K. Panigrahi, 2021, Hot
deformation  behavior and processing map
development of cryorolled AA6063 alloy under
compression and tensile, Int. J. Mech. Sci. Vol. 191,
pp- 106100
https://doi.org/10.1016/j.ijmecsci.2020.106100

[17] Y. Kim, Y. B. Song, S. H. Lee, Y. S. Kwon, 2014, Hot
deformation behavior and microstructural evolution
of powder metallurgy Ti-6Al-4V alloy, J. Kor. Powd.
Met. Inst. Vol 21, No.4, pp. 277-285
https://doi.org/10.4150/KPMI1.2014.21.4.277

[18] J. Lee, S. Lee, S. Y. Shin, 2017, Effect of strain rate
and temperature on tensile properties of high Mn
twinning induced plasticity steels, Kor. J. Mater. Res.
Vol. 27, No. 12, pp. 643-651
https://doi.org/10.3740/MRSK.2017.27.12.643

[19] Y. Zhou, X. Lin, N. Kang, Z. Wang, H. Tan, W. Huang,
2021, Hot deformation induced microstructural
evolution in local-heterogeneous wire + arc additive
manufactured 2219 Al alloy, J. Alloy. Compd. Vol.
865, pp. 158949
https://doi.org/10.1016/j.jallcom.2021.158949

[20] Y. V. R. K. Prasad, K. P. Rao, S. Sasidhara, 2015, Hot
working guide : a compendium of processing maps,
Second edition, ASM international, Ohio, pp. 1-625

(
)

L

Ho
o,

471

[21] Y. V. R. K. Prasad, 2003, Processing maps: a status
report, J. Mater. Eng. Perform. Vol. 12, No. 6, pp. 638-
645
https://doi.org/10.1361/105994903322692420

[22] H. J. Lee, G. P. Kang, Y. H. Kim, 2016, Use of
processing maps to evaluate the forming condition
during ring rolling, Trans. Mater. Process. Vol. 25, No.
L, pp. 5-11
https://doi.org/10.5228/KSTP.25.1.5

[23] C. Malas, V. Seetharaman, 1992, Using material
behavior models to develop process control strategies,
JOM Vol. 44, pp. 8-13
https://doi.org/10.1007/BF03222246

[24] Y. V.R. K. Prasad, T. Seshacharyulu, 1998, Modelling
of hot deformation for microstructural control, Inter.
Mater. Rev. Vol. 43, No. 6, pp. 243-258
http://doi.org/10.1179/imr.1998.43.6.243

[25] F. J. Humphreys, M. Hatherly, 2004, Recrystallization
and related annealing phenomena, Second edition,
Elsevier Ltd, Pergamon, pp. 1-628
https://doi.org/10.1016/B978-0-08-044164-1.X5000-
2

[26] D. Jiang, C. Wang, 2003, Influence of microstructure
on deformation behavior and fracture mode of Al-Mg-
Si alloys, Mater. Sci. Eng. A. Vol. 352, pp. 29-33
https://doi.org/10.1016/S0921-5093(02)00456-2


https://doi.org/10.1016/j.jallcom.2021.158949
https://doi.org/10.1016/B978-0-08-044164-1.X5000-



