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Abstract

The static softening behavior of Al-4.8Mg alloy was examined after hot deformation using Gleeble
thermal simulation experiment and metallography experiment in this work. Compared with the flow
stress of Al-4.8Mg alloy in the first pass during the process of double pass hot compression, the flow
stress of Al-4.8Mg alloy in the second pass was shown a step-like decline after the first pass hot
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compression and stop in the second pass. The static recrystallization degree between passes can be
improved by increasing the deformation temperature, strain rate and strain variable of the first pass
and extending the interval time between passes, thus promoting the static softening between passes.
According to the experimental results, the static recrystallization kinetics equation of Al-4.8Mg alloy
was established, and the average relative error was only 3.8% between the calculated values and
the experimental values.
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1. 518§

Al-48Mg A& R T Al-Mg a8, BERR. 580G, JUBMSHAE, Hed s 55 b B
3, 5 Al-Cu, Al-Mg-Si. Al-Zn-Mg-Cu 25 HAb A 3RALEE & 4o LL, HEA P2 I AR AT B 35K
AT, 54045, Al-Mn. Al-Fe-Si Z#Vb BRI SR ILAR & AR, %A 4 A EmRE, K
B, ALMg A4 BN & TSRS S R R B B R, T2 R T mIE k. B, i
B HATRENUR1] [2]. HOELEHIEMEIEE TR, Al-4.8Mg A4 HuEfl it b i sh A% LE
3 LA TS A I TR, AL P B 4 LU T R AR RS, VTR R R 5 R AE R A TR A
TS L S SRS, FETIRE A IALI3] [4] [5][6]. TEHGERLEPH, BT 415 AL A
Pl BB, L A3 KD B S B P 2 AR D TR A, B3 4 R M I T Mk R, TR A 5 A
JE (9 A5 AL 2 BB A B bR A L GUR PR RS . R, BFSC Al-4.8Mg & & TE VT I A5 K
AT A, FFRSIHIE P REAR TR, SRR T & R L4 SR Bt 18 SR
A WEI . U PR EGR RS, TFRE 8 RV S8 SOHE KAI BRI TR % Al-4.8Mg & 4 TR 5

FS AT ORISR, MR RS F A sl T AR, iz B S IESL R RS AL R e T
SRR AR .

2. £

O T I S AR BT Al-4.8Mg S & EEHLIN T K @10 x 15 mm ¥ [BEAEAREE, 75 Gleeble-3800 #
FEAHL LR . SOE R E S IRIG AT 7T Al-4.8Mg & & AR 5 B S HAAT N o R4 1RE 5 i 45
A A IR A R LI FI(T5% A 5 + 20%LH + S%EHER = H 2K LAV BESER 52, NG FE N
10°C/s, Ik B AR 5 R 3 min, # AR 5.

BB KA T 2250007 1 Fon, ARG T B 1) fw,  FHX0E AR 46 1AL
N1 EdE, W E G S E OB K R BR I [ S8 S R E B R R, PERINESR T 25
o 2 frow, SRR T2 E 1(b)Fn, X CERIERIESE + IR BT A
UL, W 508 45 250 R AR (115 ) B TR A RS T S5 O AL ZR R 52 o 456 IR R 7 ith 28 5 Ao 26
ZIR 5 Al-4.8Mg & & MF A T4 fn sl )AL
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Table 1. Parameters of two-pass hot compression tests for static softening behavior

=1 ETHSRUITAMRHNNERAER L ZEH

ZRARBE(C) RIAEEZ(s™) PR TB WK [T 18] ()
FoER B TEK

280+ 340. 400. 460. 520 1 0.6 0.3 30, 60 120, 240

400 0.01 0.1, 1. 10 0.6 0.3 30, 60 120, 240

400 1 04 0.5 30, 60+ 120, 240

400 1 0.6 0.3 30, 60 120, 240

400 1 0.8 0.1 30, 60+ 120, 240

Table 2. Parameters of single-pass hot compression tests for static softening behavior

2. BTHSRUITAMRNBERAERTZEH

BRARE(C) REATHEFE(s™) V3" PRI 7] (5)
400, 520 1 0.6 0. 240
400 0.01. 10 0.6 0. 240
400 1 04. 0.8 0. 240
400 1 0.6 120, 600, 3600. 7200
(@) T=280~520C T=280~520C (b) T=280~520C
£=0.01~10s"  £=0.01~10s" £=0.01~10s"
® £=04~0.8 & =0.1~0.5 o £=0.4~0.8
§ 180's 30~240's § 0~7200 s
= =
Heating rate: Water Heating rate: Water
10 °C/s quenching 10 °C/s quenching
Time Time

Figure 1. Process routes of hot compression tests for static softening behavior: (a) two-pass; (b) single-pass

1. ETFESRUITHAMRNAERRL T ZRE: (IER; ObO)REX

3. IMGERSHH
3.1. Al-4.8Mg & & VGER A E 4513 72 i 75 7 38 B2 45 4E

LPEFENAER e =15, FHIBRNDT R =06 FH IEKNT R e, =030, Al-48Mg A4
TEAN RIS TR P B AN [) 308 K [ gl B S P 008 YR B 4 A8 B Ak ) 2 fioos . BRI AL, # kbt
PTG B R B B S, B8 T8 UOR AR BT B I AN [RIRE FE Bk BRI, IR BRI (e G 28
ORISR BRI PR T S AR IR R R (R R A B A R RS A A A
WA, TERCT AR, SRR A N R, TR A, MIER SRR TR 5, TR 0N AR R
Ko XTECIE 2(a)~(e)nT 01, (RS TE R IAIRRN (8] T, BEAE 55— 8 R IR L3R T, 38 I8 RS0 T R
FERER .l 2(a)FiR, T=280CHI 2 —I& IKIE(EN /]2 194.6 MPa, [AIFfE 120 s & 25 I8 fRUEAE N ) %
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% 188.6 MPa, E(HN JI FFET 3.1%; 1024 T=520CH, 40/ 2(e)fizR, [AIFG 120 s Jo 0 ME N S AR —
TEVKIF) 64.8 MPa (#2255 I8 45.9 MPa, N FEFEEREIT 30%.

K38 T=400C. & =0.6 . & =038, Al-4.8Mg & &1L [F] N AR B 28 J AN [ T8 1 [ B B 8] 7 F 80
TE IR EAEIAE R I M2 o 7R [RS8 R BRI (BT, Bl BN AR R 4T, 38 I8 IRIAE R ) T B AR R
Ko DB RN EIBRB A E] 240 s 4], Bl 3(a) Rl %, & =0.01s"" B 25— IR IIEAE N 14051 62.9
MPa. 57.0 MPa, WE{E N /3 R 9.4%; X &=10s" i, E 3(c)FHEE—. IEIRIEME N /143 5~ 148.4 MPa.
117.3 MPa, UE(E R /) B 20%.
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Figure 2. Flow stress curves of Al-4.8Mg alloy in two-pass hot compression under different temperatures (&=1s",
£ =0.6, & =03):(a) 280°C; (b) 340°C; (c) 400°C; (d) 460°C; (e) 520°C

2. Al-4.8Mg A S AR EHIEE THRERAERREN NZ(c=1s", £ =06, & =0.3):(a) 280°C: (b) 340°C;
(c) 400°C; (d)460°C; (e) 520°C
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Wik %

M T=400C &=1s"Hf, Al-4.8Mg & &AW AR & K A [R] 18] B 1] T (90 X008 Y 46 7 A8 B
thenlel 4 from. FERSFTERIBIRRI AN, 3 —ER N ARG RS, 58 T RN 7] AR S &
LATEIRE 240 s M, He =04 I, 5] 4(a)d BB /) N ES —IE K 114.8 MPa F& 255 —iE R 97 MPa, [#
& 15.5%: Ze =0.6 I, & 4(b)rh 38 ZIERIE(E N JJFE 2 90.2 MPa, [EIEIAH] 24.6%.
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Figure 3. Flow stress curves of Al-4.8Mg alloy in two-pass hot compression under different strain rates (7 = 400°C,
£=06, £=03):(a)0.01s () 0.1s"(c)10s"

[ 3. Al-4.8Mg & & AN E R BER TR RUER A EIER TR (T = 400°C, £,=0.6, & =03):(a)0.01s s (b)0.1
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Figure 4. Flow stress curves of Al-4.8Mg alloy in two-pass hot compression under different strains (7= 400°C, £=1s"):
(@ =04, ¢=05;(0) =08, &=0.1

F 4. Al-4.8Mg A EHERRIN T E THBUE X REFRTER LT = 400°C, é=1s"):(a) =04, £=05; (b)
=08, ¢&=0.1
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AL, Al-4.8Mg @ XUE R E A R, SR ERIAVRE . AR MR K SE K TE
ORI B IR [, 227 R (2 HESE IR AR A A, I 3 B0 BRI T 1) T FERR EE I K

3.2. Al-4.8Mg & & FUER A EARER B R R MA LT E

He=1s"1 & =006, Al-4.8Mg &L R LR G KRS G DRI 1] £ =240 s IIEAR T
Wkl s fiise (£ T =280°CF, MELIME RN ZA A RILR (4 5(a)), AIELHBRERIIE 240 J5, ££

Figure 5. Effects of compression temperatures on microstructures of Al-4.8Mg alloy (£ =1s", & =0.6): (a) T=280°C, ¢ =
0; (b) T=280°C, t=240s; (c) T=400°C, t=0; (d) T=400°C, t=240s; (¢) T=520°C, t=0; (f) T=520°C,t=240's

5. MELRBEX Al-4.8Mg A& MMBLAREM(é=1s", £ =0.6): (a) T=280°C, t=0; (b) T=280°C, t=240s;
() T=400°C, t=0; (d) T=400°C, t=240s; (e) T=520°C, t=0; (f)T=520°C, t=240s
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Bl 5(b) AR IH HE AR 8L 3 B B 45 TR o 24 T=400°C I, 5] 4~ 5(c)h i FAb T 8L 2 41 /N5 24 T 45
mmen i, [AIRE 240 s J5 P45 de a2 38 2 (1] 5(d)). SiRFER S 520°CHY, a1l 5(e) 5K s(Hffr, WA
TEIEFE A R EIRG 240 s Ja TS AR A AR mr . SAH IR A U0 IR S AR TR IR A T e AR AR T
AR, RN WS A R G L AR R, AR n AR A
IR 2 mRe A feE 2, BRI G AR KK B0 7S 15 45 ff S A% Be 4k SRR e IR 3R A W Bh &S 45
fo [FIRF, FAORHETE R RIRGIARIIR e RS, B SARE R R TR, HFK R S 45 i di kL.

Bl 6 T=400C. & =0.6 2T Al-4.8Mg & &2 A [l 6 J R 40 S H4 R 47 /5 IFIRG 240 s 146 AH I
Fro HE 6T, 2é=0.01s"B, MEREGSFEPRRAENSTL M, 76 400°C FIEKE 240 s 54
AHHE R A AR ER 2 40N FE 45 AR RL(JE 6(b))e 246 =107 I, ] 6(c) A A 25 T 45 it i bor 775 BT m DL, 1)
B 240 s J5 P45 ORI 3G 22 (I 6(d)). BT XS LmTn, 35 1 N AR TR AN AR 5 5 R BN 45, [F)
B AR S T4 R A . AR, RISl sy, AR TR AT, ABTE R MR ERA
KR, MRk — e RSB RSISHS S, mTATEALYES, WRiEES MY, BIRHS
W ARl I A F A BT BE R, (HKIAA KRR T e AR e RAS, 7R 8] [ 31 5] B8 0% 3 M
Ve E T KA B A . DR S B A R TR AR ShAS F A dh,  [FII WA 2E 1A R AR
TG IS P4

Figure 6. Effects of compression strain rates on microstructures of Al-4.8Mg alloy (T'=400°C, & =0.6): (a) £=0.01s"",¢
=0;(b) £=0.01s",7r=240s;(c) £=10s",r=0;(d) £=10s",r=240s

6. BEFRHREXS Al-4.8Mg & EWMMBLREN(T=400°C, & =0.6): (a) £=0.01s", r=0; (b) £=0.01s", =
240s; (c) é=10s", r=0; (d) £=10s", r=240s
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Kl 7(a)f& Al-4.8Mg G 4AE T=400C. &=1s" &/ FRIEARAZRIAF] 0.4 BHISAHE R, AT LR
ST O R T ShAS TGS S k. UK SRS IR0 240 s, 8] 7(b)h B AS TGS S AR RIEMT ] I S RiAT R
) 0.8 I, & 7(c) T IR EEAS AR R, AR TEREEE R B4R T, LS SR ZhAS P45 Sh sk =g, [H]
K 240 s J5 b A TR E A AR RL(E] 7(d)). MPEPETEARRRERG KA R TR R R, HR e kA
B, FRAFEERZ RN 0.8 B MR AE R &, AR R ok B304 45 fb il L Re =10 X 5k
W RAEBNS L&, ARG YA M X R TE i a TPl R Re =, JE5I KB4, Bk, M
RN 0.8 HEFEORIR G A SRR S e BT L, IO RIARTE B, MR R AT I F
BN P2 il e VR T I I AS TR 45 AR 1S BB T, PR 45 fi AL 233400 5 S B 0 BH 2 TR R 7 5 8 Ak
BOR, DL, [ 4 LR [FSE R RGN R, SE—TERBAR R RS, 5 B ImRA RN A T AR R R .

Figure 7. Effects of compression strains on microstructures of Al-4.8Mg alloy (7= 400°C, &=1s"): (a) £ =04,1=0;(b)
£§=04,1=240s;(c) =0.8,t=0;(d) &=08,r=240s

7. RIEFHERTEXT Al-4.8Mg & EHMBLEIE(T=400°C, £=1s5"): (@) £=04, t=0; (b) &=04, t=240
s; (¢) §=08, t=0; (d) =08, t=240s

K8 N T=400C. é=1s". & =0.6 20T, Al-4.8Mg & & HIES 5 PRI R 18] )5 i S AR A
M 5(c)al %, RFEREAE R RSN 45 0, ARG 120 s FR45 REEIE K ( 8(a)), Bl [A]FRET
e, 4 RREEARTE S . ST 8(b) 5 8(c)mT &, MIAIREI [AIAR] 600 s i P45 fl FEA S 1L,
2k 232 AL KT [F)0T P 485 R P S /N o O FT BR T TRTAE K 22 7200 s B, Q] 8(d)Fa, P46 df alob R A
AR, EAFERELZTN . MR 5 I A AR K& e A e e 42, 38 YR R 3R] B i I
WREE I T KA, PRRE K N Re BRI E, HEVEA A 5. (H B 1545 0 A v o R %5
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Wik %

HIFEAR LA BERDIZ A A, O AU AR R SR B /11820 T F, HAS R TR0E . MRHKIIAL T ORiEAR
SIS, AR RE AR AT SR SRR K.

(d)

Figure 8. Effects of interval time on microstructures of Al-4.8Mg alloy (7 =400°C, £=1s", £ =0.6): (a)¢t=120; (b) ¢ =
600 s; (c) t=3600s; (d) r="7200 s

8. EXEIFRETEIXT Al-4.8Mg & & MMLBLLEME(T=400°C, é=1s", £=0.6): (a)t=120; (b)t=600s; (c)¢
=3600s; (d)r=7200s

3.3. Al-4.8Mg & ERSBERINFIRR

3.3.1. Al-4.8Mg A SFSERILE
HRAE Al-4.8Mg 4 I 0UE YA 4 A8 B 7 2R RN, APRHE AR A= IR B A ERA T 35— 18 YR A2
IR 52 o 3 SR () BT I 7 S AR S A RE B AT i BT[]

O, =0y

F = (1)

O, =0y

Xt FONBESRHAE, o NE—EIREGEE S IR ], o) AEE—TE KRR T A 1 JE RS /7,
Oy N ZTERINEAE AT AR RN J10 24 F, = 0%0, UEBIAPRIEE A S A T R KA X4
F,=100%H}, I BB IR A KR T 582 A dn, I TR e kR 24 FoabT 0~100%H8), nT
TEEALAS BI04 TH B

] 9 RATE XA EAGE R IS TR F, 58— BRETESHAEN KRR W 9@)fiR, HHE—
RPNAREZ & =157\ NARR g =0.6 B, FARMNE F A RE RS WIRT K. e — ﬁrk?ﬁ&
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IEARAS TR E N 280°C HIZAE T, ST I [B] BRI 1] £ = 240 s I, FSHALE F, = 28.8%; [F]ZE (A bR E]
Ll EHE 2 400°CHY, Foik®] 66.2%; MAEZTZIRE N 520CHIZM T, F, TR 95.4%. XFEHIE 9(b)
BRI A, MBI RE T =400C. NA R & =0.6 i, fEFRIZERIGI TR, B&RLEF,
BE 55— T8 N AR T R R TG K. € 9(c) N T=400°C . & =1s" 2R, B8R NA R BN 0.4,
0.6 J% 0.8 i, MEHERAZIY J5 A [FRIFGET A R RIS, BAR, 38 RKEE — 1 YW AR 5 AT H2 & Ik A
IFFASTIL R, He =048, [AFF 120 s J5 F, = 36.8%, [FZ%MFT ¢ =080 F, O E 56.9%. 14,
I O PRI, B ARG IR R A, MBS AR FEPRGE B S A RS TP R AR
Pash, ENERSEAL R I IR E BB BEAC. LL T=400C. é=1s". ¢ =0.6 KA N, W& ob)
B, TEBRIE N 60 s B F, N 33.7%, (ARG []A 240 s i F, o8 47.1%, AHRHESBALAERT 60 s YL
SIER T —F U b, UE SRR RE R IE PG, T, R ERORRR . NARER . N
A ST IR RN 8], SRR THARMETE IR A s A A 3, (BREE TE IR B BRI (] I B G, SRS ER
A ZR IR O B DAL 2%
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Figure 9. Static softening ratios of Al-4.8Mg alloy under different deformation conditions: (a) £=1s", & =0.6, & =0.3;
(b) T=400°C, £ =0.6, & =0.3;(c) T=400°C, é=1s"

9. Al-4.8Mg A E AR EERE M THERSHUER®@) é=1s5", =06, =03;(b) T=400"C, £ =0.6, £ =03;
(c) T=400°C, &=1s"

3.3.2. BSEERNNFEENE

BRI ERS T S B X, AT A AE RS AR F)BHMTIT L. e a el i+
Gy RADZERE, SRR S9E AR, WHE T 2N ES B RSB, RS E A R
ARSI EZR A, HES A0 B SRR AR RN Q) PRI R R[]
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Figure 10. Static recrystallization fractions under different deformation conditions: (a) £=1s", £ =06, ¢ =03;(b) T
=400°C, £ =06, & =03;(c) T=400°C, £=1s"'

E 10. FEZEHEHTHESHESBER S é=1s", =06, &=03; (b)T=400C, £=06, &=03; ()T
=400°C, £=1s"

FORHAAR T e ) 145 d AT D9 ] P 2 P 45 e s 0 207 RER [ 7]«
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S ¢ REKIARRII, 1 oA TG S A R B s BT TR RO, m, PRI, 3 T 15 R
R, B F, N 70%, A SRR F 75K RIB AL TR 70% (5 9), B, Be, =1, %
A TGS SRR AR . TSRS ), FE o5 AT (S) IR OB RLIEAT A 7).

X, =1- exp(—0.357(llj s ] (4)

. 0
t,, = PP e ex 2 5
0.3 p[RT 5)

4
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