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SR A i & R R A FLBR A, K
PR DLAE 7= 55 (0] 8, B AR 22 22 3 DA A 24 i
S FAA TV R 70T A A B8 SR 4 A
B R T = A gtz —.

LIU 2SR B 16 38 W % 18 5 I f] %
Mg94Y4zZn2 &4, BEML T HMAL 5 T
SEIE . ERASEEOVR P TE VB IR T Ak R
TEFI 4 iR K )E, SRR K L5 218 kA i
L ZMesEE, #43] Mg-Zn-Ca fil Mg-Zn-Ca-Y 7
BEEFHE . LU 2508 4T B KIS T 1 W E B I
DL B v A M Mg-Nd-Zn-Zr(JDBM) &
(4M% 3.5 mm, JEF 0.25 mm), TR AEYEART
M ZHE, ZRFEEZIME TR R, R T
MEHI KR,

LIU PSR G E . AL. hrARSs &1y
%, TR T EEA SN THERE ZE B, BRI Uk
Mg-Nd-Zn-Zr. AZ31 Fl WE43 iX 3 FhEE 40 5l
FAME 3.00 mm. JEE 180 um & R EME, T
Al PRI S5, BAHSUN SR, BKIEH
Mg-Nd-Zn-Zr. AZ31 Al WE43 & §ki oA 4151,
SRR S 3 508 10.9 pm. 12.9 pm A1 15.0 pm;
W BUNATH AR, B AZ31 BEE &
MR K Ja B BRI (21 10) LA 5, HikHE

/@

First punch

Die -

Tube -

Mandrel
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1 SPATRPIR S5 I B0 RS A S I 55 PR T 2240 A AR b 2 10 VM8 P S ]2

Fig. 1 Schematic diagram of tube multi-pass plastic forming including two steps parallel tubular channel angular pressing

J7 T A S P e 2% R R /0N, T Mig-Nd-Zin-Zr Al
WE43 M 018 7% 001t 3% 15 R AE 0K

J7 WP S B SR RS & I L E,
ORI B RN B & HAME 3.14 mm. BEJE
0.32 mm FIBEE BN, 7250 N EBIBLA T
T VUTE IR A LR B A3 B AME 2.90 mm. BEJE
0.27 mm, 2% AV LIS A 7 8RB S UL S
Ik B AEPLE AR 693 K T #EAT 22 83 ] AR BE
JEHE(VWTE), #ili& 7 BEE N 0.6 mm [1] AZ80 +
0.4%Ce BEA M, JREINH ToA R 4 72 il
BB S A ROTE.

ABDOLVAND 2524450} 3 240 i B 5 4 f) A
7, BTATE IR SR B TE B JE (Parallel tubular channel
angular pressing, PTCAP) L ZfEM M FE LE
(Tube backward extrusion, TBE)fH45 &, 1.2 R # 401
Bl 1 R EMY & BOY 59558 ROV A2 B kT, RH
AET AL A R AR 75N T AZ31 B &
S, PORMERL R i 25 B 5 e A s 3% s /R
FSEEL T BRI AR, B AR T R S,
BN A A R TE R, FRE a5 SR AR TOM 45
W A AR AL P45 S A AR T, 2SR JeAE fn It
BROETE R, R G TE BN AR T RO i 2548 LA S IE.
sir L] F AN, A E B 38 HV $2 %] 70 HV .
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Tube

Second
punch

(b) (©)

and tube backward extrusion*: (a) Ist-pass; (b) 2nd pass; (c) Mould structure
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S, SRR BN . EMRAE KAETE
TR B AR AL, AR B B S RN g AT B B A
WS m 1 2 1, EREh R AR, W
R 1AM THT (88 52 A B0 o

HABDOLVAND %P00R i 747 IR @ i 5%
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PTCAP)FIE 44 % 7] 4% [ (Tube Backward Extrusion,
TBE)HH S & BT Sl 1 AZ91 B Bt & &

®
o
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o
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B, FFHEE 3 Prn. HEHE N AME R 2 HRAEH
NRIARIE TGN, AEBT B I HAE R R AG i
BEREIR, s 2O H A D A S M . LR
GERRH, ZIEIRIEVERUY (1) R (A PR R
JeE HR e PR R R B A B e, ek SR T
EWAL, SRR ABTAEME 150 pm 404631 8.8 pm.
ZIEREBIER L REE— 5L, #ux
Pr—Ahrik . P - SFEE S R RO . ZE R
ITERFIEES . TAT S8 B - 5% 4
2 T8 R IBYE Y T LE B 6 48 M B P ) i 2
G NBTUIREBBMARTE, (R sh A M s kA, 4
O 2H 2R FF 55 A0 2 R0, mIiR m M 45 & 1

! l Ql 80.0 d h
rotation
(b) (©

Fig. 2 Schematic diagram of tube multi-pass plastic forming for tubular channel extrusion process: (a) 1st pass begins;

(b) 1st pass ends; (c) 2nd pass™>
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(@) (b)

PTCAP+TBE
processed

tube
Tube\

PTCAPed
(c) tube

B3 BEA4EEM PTCAP Ml TBE 4541102 8 UYL T2 R P
Fig. 3 Schematic diagram of multi-pass plastic forming process including PTCAP and TBE™®: (a) 1st pass; (b) 2nd pass;
(¢) Schematic diagram of mould structure
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TR R, PR BEAS E PR I A I T
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WANG 5P7R FH AR X B 1R fR) 8 T 98 AR T
J7EA gt 7R, ST 2K . WANG
2t 281 L5 o T 25 RO A 22 BB IE B BOR IF % fih
BB REREAR, DK ENEEEE .
WHALEN %5 V3 ot 8 17) 4 B n T R0 5% 1 (Shear
assisted processing and extrusion, ShAPE)M R A
TS V5 b B BEE ST T ZK60 B, Rl sk
RN TR ZK60 B & et R A m] LAAE — N2 IR
il o, FLIOW 45 4 LY R IR IR .
WANG Z5POCR B R & e IR BT VI oA, 7RV 5%
TFFAZBE A G P97 A B AN . JAMALL 2551
KHAERAERBES & AZ91 B:A&MBEM, 18
300 ‘CFHTMEBWAIE, (LA FEHRE,
TERCEER A, b RS R 150 pm /)
B 3 pum, i Ao AR B 58 2 20 A LU AT AR SR e T
3.2 150 2.6 i . BUAESPIRT R T 5L T 2R A
JE TR #3X ZK60 a4 B VN ) 2 At e
SO, SEREX ZK60 Bk A< T FL ] S5 5 AN [F] A2
WERAL DRI, EFHEN 15%M 25%I, H
HIEBH L RS FE G, ZREb. KT

R 34.5%F0 45%0F, ERLRSFARGEE R, S
RIRAS T BE TR 2, 5053 28 S A OE LA R AR T
HWANG %P8 f BT 5 WL 86 & & 25 O g it
EIFE TZHAT T o fikes, ReHibie 71
BRI EE . WBEM . FYRMEE . WIS T
IR L B K% e g R it B PR S s 6k ol
TR A IR AR 3047 T S R 2 W 2 A0l R A
W e 25 R B B M 1 R RST B 40 pm 4H46 % 8.5
um, FEEEH 52 HV #2535 64 HV.

FARAJT 25PUH ) — i 3t T 50K 5558 8 57 IR
(Tubular channel angular pressing, TCAP)M] K%
I 5 N Y o e e N5 7 = AN W O = o N
B BRI RINAS . TCAP LZRm KA 4 FioR,
52 PRSI SN 249 T 1) A A 0 IR Sk RN R
A 3IANEYIX MR MAEE, ERZH 3 KETY)AR
o HRZHUETESE AZ91 B &40, X & —
TE X TCAP AT, SUEAS | 5 & 1 iR AL U
SEAUAEEE W 51 HV @& E] 78HV, X FHIT
SPD L& HA )R 1) Tl 3% FH Al 5% .

}

L

|

L

! 1 @
! ¥,

I ?, 2
] (//3

|

| &
L R

4 BEASEMERGIEE S E T 2R R
Fig. 4 Schematic diagram of angular extrusion process of
tubular channel:(a) Schematic diagram of mould; (b) Mould

parameters[34]

FRLET R 7 T A BB PR A I B 5 IR &
A FROKIE TR, w7 Ba e BRI e
73, G IR i AR AR 18] i A4 3 o i »
b T TR R EE T, EAME BRI R Y, [
FEAAE N BB H 7 b R BASRAG bE 3 5 I 5 A
() LA B 72 7 S M R A 7= o TR SR A
LT s BRI SR 26 Y — Pl s ) AZ31 85
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FEfFE(90°, 120°. 150°)EE &4 AZSO EMTEAH
B o B AN W) 46 HORHER B I R R BT R O AR
HAT TR, BUUES IR, KO R RIS
P VAR Ay B 2 vy T /N RS R A, JF HL G O
P FERBG N, YRR B A S . R &
P R B I JE AZSO B4 &
(350 °C, 1 hyiB KK KA R r]SRAF AR 1 T
gEAH Y, B R R E R S, SEE MR

TEHIE B A S ERERUE R, TR —FH
W T MEERRn S, TERR A —®
SEM S AT, ToEEEE, ReH T S E A
FEBEMRLIE N TR Ridk J370N,  B—1E R W THTUR
iR, KA EIE M F LSRR
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TWOHIG Z5PE w7t v, et ot Jo s 33 72 v 11
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BN . DU SR FE BRIk T 2T
TEE S ZM21 T, SRR, TR PG R
()3 P RT3 5 2 W b RS B N R 2R, BRI
J5E BB R T S R A SR AR e AR, HE R R
Pod AR e e AR g . MILENIN 25017424 51286 0
THEARAESS &, BT EM ORI XHIiG
EM R TCRRLR G E M IO S K A R B, %L
2] LIRS SR AT B ST R, RO T RO S

Movable punch

Fix punch

Matrix

Edgh height

Quter radius

AN 511

715 3 2 K — 3% JE (Cyclic  expansion-extrusion,
CER)/& —Fc R ZN B AR H R . £ CEE i
FEHR, XPAPRMIE N T E R AR, JEH ST
EERERYL, XGRS S IR R
KigfAest, CEE b RE S REI AR T AL R 2344
Ji£. BABAEI Z:LR FIOE 3R AK 5 FE (Tube cyclic
expansion-extrusion, TCEE)fill % AZ91 #4155 44
234 TCEE MLJG, WIMHE R SMEEEMN 65 HV
HnE 90 HV. S8, i ko AR PR 58 FE
SARIRE T 2.9 F12.6 fi5. SAMADPOUR 25145
friln T R R U 99 A B2 JIK 55 R (Hydrostatic  tube
cyclic expansion extrusion, HTCEE)K A= F=H 41 i fi
1) AM60 854, AMRTERER, SERTE
FHEG, HTCEE I 7% A e /5 2far 1 PR AR R 255 (P
iK1 20 85%), MAFYS)PEHIE R

S )55 A B B B M O I — P 2L T
2, RS R R Ih % T AZ31 A,
HHE TR RSN T E S8, gt
WAL T R AFFE Mg-6Sn &4 AL, U FIRLfH
PERE S BRI RIS R, MR REN: &
55 & Mg-6Sn &4 1k R FR4h di iR i 0 21
IRKFERE EEURT B RS 5, BE G B R E A
WIGE RRHR FE Iy & 4 19 230 9 B ek 55 -
SHATERMASHHADI 24735 7 — o B 77 ¥R
1T R A Bs I O EM # 7iE, WiE S Fow, &R

J

AL\
\\ \
\\
Matrix radius y
Inner radius
Oetai! B
Scoler 211

5 BEASEMRRRE L T2 R

(b) (©)

Fig. 5 Schematic diagram of new reverse extrusion process'*’: (a) Initial state of extrusion; (b) Extrusion process diagram;

(c) Extrusion completed diagram
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G B, 1% T2 KA R B 14
K, BUEEM AN S TG /G T2, A2
WA A BETT I 5100 A, iR AR AT A SR
RET AT 5] o

CAO ZURFe N TRks EE . 15 VERE LT
¥ AZ80 BE & & TEEEH, JFHRkMS T I T Z S
A R RST ELBT AL I A/, R AU
U . YU SPUR T AL A
IRV 7 IR e e 5 I, Wl 6 Pl AR M
BEERE, kBRI IRRE,  FRAEAN R A RLAS T A ATAN
Rl R AR E T, X s B & AL R
WEABAT TN Z9RKW], BEEFEEEm,
B O FE A, EARAIEE AT,
g A b R AR T B A F A

dy

)

(b)
Bl 6 BEaaE My kT 2 mmE
Fig. 6 Schematic diagram of rotary extrusion process'*’:
(a)  Working principle diagram; (b)Mould structure

parameter

EE AR I B R 0 B At b 4 M e 4% S 1Al B IR
(Rotating backward extrusion, RBE), Jig# & [AHf /&
VER—Fp R LB AR TR, & —Fh AR 7= 4l
Fi e REE A AESE BN T T 2. WANG ZP°
PEHE M e R A5 R (RBE)EOE 7%, T2 R EE
WK 7 Fros, YBME SRS 4 I E R 264 T
RAERIZUBHEAR T, RAENSHLS S, AEMPERE
HAE AR . FRETE L2555 RET
JEARLE, A= [ERE 2 i B =5 0457 IR 77T ks> 20%,
BAFERE SN AES A EREER, PIAEK
AR AF SR8 368 S 5 P ] ) 3 A5 2 A

ABU-FARHA Z:PUGE 4§t b BEHE T 2 M R B

ETZ, SO EM RSB TE, T2
IR 8 e AR R TR 5 RN A e e, 7 A
BEFFEEARCR, B M S RIENTT 175 1 kAT T 17
b G5REW, % LR RN HRL N R
oF. TABRRVE R, s R T A g F
BEFEIXIOAFAE, Aok R 404L o

Load
\\\\\\\\\\\\\\\\\\\\\ <
}\ \\\‘|’\ \\\\\\\\\\\\\\\\ I
77 Open 1;unch 77
L | 7
Va4 | /‘
t Die
/A /T\ /
i Sample
i\ \\\\\\ \\ :\ l

q Rotation

7 BEA S MNERE R BT S T2 R
Fig. 7
extrusion process

Schematic diagram of tube rotating reverse
[50]

== _ Rotational speed

|

(@) (b)
& 8 NHEETZHREFETZMEGSRILESGEE
4 TR R

Fig. 8 Schematic diagram of combination of friction stir

process and reverse extrusion process”": (a) Schematic
diagram of initial extrusion process; (b) Process diagram of

extrusion process

YUAN 2502 7 — Bk i il B I -5 2 R 45
I8 5 O A 45 & B T2 (Hydrostatic

extrusion integrated with circular equal channel
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angular pressing, HECECAP), T AZ80 B:5 4%
P&, B 9 BT 8 2 B BRI I TR R
B HEE S 7 LB R, TR O, ERE
LI I EIRINHAR G R IE S, A5 28BN
EH, %4 HECCAP AbIEM& &R M 7oA
Sh OSSR, IR 6 fokir N ST BCBE 22 1 B 1)
X, Fghanan bR Ei . LR 2.77,
HETR SR MO 12000F, S RIRFRBLhismE A 335
MPa, Fiffi i IR5EEIE 308 MPa, K Z N 7.2%.

2 Castor oil \
8
g v
o
'5 // Billet Ist pass
g ><’ b
><
= o~
14 ECAP
-~ -,
i
N !
§\2nd
N - \ pass
i
\ 5 Conical
i mandrel \
@)
™ \\
EENN

Bl o4& B f F s R T2 R
Fig. 9 Schematic diagram of hydrostatic extrusion process

of circular channel angle™”

AN FHERBALT 2008 FEHEHBEG BHF
JEBIVIEAR, WHFARAER . BB DI e T 2%
SHEES ML . ik, TEREEEE S
SEPIEAN — ORI BE 005 T B A BRI 71 Sy
BIF 52 141 BAAE 8% 15 <2 85 s BY D) B AR U8R it BUASH ) g
R, IR T LR EM AL GO R A, R
M IR R R B 1% . A& 8 M 55 IS BT U1 OY
TZAW TR S (AR BT L, TES), w2 LA
“ I IR B S U MR BEE S 2 KB UI+ R
NI TR A B M. 12 T2 EZR A
T 1) SRR AEEEA R, i TES MBS
HARA TES B T H BRAA FLAR AR 5 AL S5 R |
SRR B B, T BRI R A5 A i
A A T H 1) 7 FCA1 50 AT ORAIE A ) 5 01k

Lo SOBAERE, i 1 H BT D8 TE e M /N RTBT TR
HOREE S HBLR SRS, TE A ), 2) 5t
FERIES:ANE . TES BIER B BF IS AL 8T ) J 5
TR BAE — Bl LR NSt 4T, SIRRE. 4
A RLR RO R, B R T RE AR,
5B, TES $Hk B4 iih, e
IR . A EBSD Z3#T Al EURIL, AZ31 &4
FEGE IR AR b 7 A 1 K AL B T A8 B s 4 2R
(10 11} FIRfZE i (1012} , AR AR AU LU B B
Hhns B SRS ARSI, R
Bl

WRFIRI T AZ31 B SRS R -
TELLEIY) S i A 1.2 (Tube extrusion shearing and
bending, TESB) fl 1% £ 4% i & $% & — 8§ V) T. 2
(Continous variable cross-section extrusion and shear,
CVCES), VUHIg L E M R LA, i1k foki,
REEEM ISR E TR . WA PR T BUE AL
TEZR%. BT HECHATSH 2. Mot B
WEZ oy A M 45 & OB FL 7 18047 RGiAE L, TESB
BT F A B WL 4 A AL ) 3 D9 A5 L g LA B
DIMBhS B, 5EE 5 EBIERE ML,
CVCES ‘& 1 d R0 A MLt AR WU BT DI E
58591

ZMEFECHE M TR B, PRSET
Fp 45 65 AL R R BT BB 5 < A R BB M AR I U 2R
& M (Tube) $% & (Extrusion)— BJ 1] (Shear)- §~ 1%
(Expander) % L. Zi(f&#% TESE). il A IR el
BGSEE . WO LG ZRAL . 1P REN A S5 AH
FKIAE, ¥RITT TESE BUBE M 558 RIEE M1
DI REAN S A 2S5 B 22 % 7E TESE Y
RIS RE T, AR AW . B FA Y
BRI S AN A kL B AR TR BT, JEHZY
PR SR EAF 2 G540, 45 b SR 1 LU A e &
SR R SF EIE K.

Fa e EMME S RBMERIE L ZFEE
A PRBE S Al AP R R AR SR . BT A B0 T
ANHE I (SHAPE) WU m S B UIROR . S iRAR A
Pk TESLHI TE, HO0BRENHFELZ. &
REFBIES R FRPT R O OBk IEFR I
PR—FF . R e Befs iafts. Bt
JE TN 4G PR IEIE fERes . 5
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JE-BIDN RIS . IE ISR IE TN, fEHIEIR
TR Y B LR, (AR, &
MYERETT B LLECK IR T 28 L TR Ee a8 4
EIRE S BVERSOY I L EZ I HE Dy AERBRE T
SINBIVIRIENEAS Y, (et s al iad, ik
TR 2 2R (A ) FE 5546 {0002} BETHI SN, H BLTE IR
HEEYERIE T2

4 HEITEMNEMREEMERN

S

W tEA & BA RENN MR, KKH
JETEEA SN AR, @A S it me s
SomIME . TR R AT R A RO B
Wi tA SR HITCIREGRM R, ERERE
o ¥HLEE . EPE TEZ T IER TN B
AR . P E TRERE B T SCILAE 2015
o [ E B A LT 2 BiERE, H A oA @A
54 100 &N B L& SR, 15 V6 FLk.
WESHEHSER A4S, BiHEE 18 kg, W
JREZRN 30%. Bfi L &SR ERBHLAE H ARG R
MR, SERGER o, fEmEARIBITERES S0
BRI HFE 20%, (ETHNIEITRRFEE 15%0L B,

ESEA SRt LR n LR E Hh§51h 4
PR T PRI 25 B 1 B o 5 IR H e R G Y.
Ce. Nd. Gd %%, 2FATN T IR+ 0 KA B
HETHER, M7 RENTA.

I AR I v T T 7 I S G N
Mg-3.0Nd-0.2Zn-0.4Zr(NZ30K) i & & 445 - WA
T NZ30K A& LS ML J12= M Re g
PhEgE . WIS RE: ERBETASHEA R
GRS RO BE R LR B A AL, A R R
SRIE . i ARGESE 437N 314.6 MPa Al 70.3 MPa,
{ELTR JE8 sk 1 B — A

SUN 21931 5 g2 66100 5 5% s tH T Mg-8%Gd-
3%Y(GW8) I AZ31 S5 &5, RI AZ31 BhH
S RBESERE LR MR, S8
NARGEAL, {H GWS3 & &4 55k, BARAR
SEEE . ZEEE, W AZ3 BEEE&EM
FLA 3 4 1) it AR i BB RIS ) B AR iR Ak R . i
TR A Mg-Gd-Y-Zn-Zr &4 T KRR R

HERIAME . R A R Mg-Gd-Zn &850
FERF IR IR EAEE M, K AZ31 M ABEIEHE
ML, =iRPHEELT.

BAT %15 [k 3515 mi 9 ¥ & 4 Mg-Al-Zn-RE
MR, TEIE B R R A BRI AR A 1 451
T, HFEBEAHEEEINESSE, BRI
SRR, BESERBFELRHE] T weshAH
45 H(DRX), KEBNA INBERAA H T H 17N ok 43
MAEmI b, SRR 2R, 20 SRR
FOURL R 1G5 T Y R B A S5

GUO %V it % R FH7E 653 K T A 105:1 FY
PR PR A, B fliE T AME 3.0 mm. BEJE
0.35 mm FI4HHRL Mg-2Zn-0.46Y-0.5Nd & & : i
FEER R, POEAE KA A ST =
BG4 MBSV ER TR A S5
fil g R, TR AR A5 A AN IE S Head AR 11
HIRTHETS, S5RRI, SRR f 2R RBT
JE A AT LB S B R . AR AT S FEAR B IR 0,
F5 I 7 B A B i DR 50348 o 38 0

BER AR 2520 AZ80+0.4%Ce BEA 4 TERE i
177 SR BT - Hr ARG, &5 KW, 78 350 C
BRI R 4B s MR, R AE T
AT, Atk TS S A, P
PIERLR ST 8.4 um. ZHANG 2555 64 44
EMAT T, RIVG T RFFE G854 iR gt
TR IR R, b SRR HIR E A&
MRERER A SRR, SHI &5
FY TOEX GBS SO R AN S 1 5
i LT VR 25 TR A KA B I iR
PR e i 1B K AL B () 53 7 v i I s 4% T AME d
2.46 mm, EEJE 0.14 mm [f] Mg-Zn-Y-Nd & & .

R A ST DS B S5 B A S M
MO, 400k 7 dickhr, SR8 7k, R T &
S, IR iR B Gdy Y. Nd. Ce %,

5 FHLERE

1) 4

B & MRS R 2 T OB B 7 A 1R
YIRS N L T 40, XSGR R R T A I —
YN 238 RO IB M R v R 3k 3 745 P 45 R



231 B 111

ORI, S SRS SEMHGURIETT IR LR &R

3053

A, AT AL s T 4K, AT S e M 4
arERe, EZEIEMARR, A, TERRA
REHEATIESEA ™, AR T RtERese G B M Tkt
A ey IEIRE G REE IR S & &R e
TG NBIUIRIEPEAR T, FTARAL O A 2R () IF
5946 {0002} ZE A, H AL T2 JEdEin
eEM TR, AR IS EENIL R B S &
Bk, e EE MR T IRSEAR T

Tk AL ERKEIER LR RIEBRRE S K
ERVE B BARHFANG ], 2277 Ay, TevE K
R, PR 3 T ey SE B Y K BRI BT U] R £
ARAEF IR, T2 RS &EM AR
SRR BRI R BB A )

2) R B A S E M T2

KM RIE OB R & R RE T2 AR
BTG EEVEMAM R, TSRS
Arwit Rt Rk &EMRENA¥ET. e
SEMAERGI R AR, SN A% R
M R RIEERE . W SN KBTIV, SR IE
HANINRL T I, RESAT R R B e S I
A RIS IR R oo s s U] S A4l
AN G A AU IR ERZAY AP 6 = el SR < CTB o
SKIVE M BRI R IR 5 A LGP RE . SME
o A P R 4

3) FIEVOITE A R MERIE T2 T e 2

FLE R A KSR ROE SR & — R oK BT V) 28
VeI TT i, PG 8 M AT A I T
B, BERSEEEEMNLE AR (A H A
BIE FEATY R T 1 2 VF 2 m AR A R ) i R, A L 254
BoE AR IERE . TES MR, drtnr R,
D LA FE R S ORI O AR B A R A
TESHRICEEL . BRIV . b, sk
fEo RRGE IS DL INTTESE), LA
FIER AR ) 2R, IR NI TR A KB AT
AR S E M IR R AV OB ORI i

B e E M HRIERE & RS ARI N
MBRARKIE S, AAEFRERVMREBAL, B AR
PR Tsegamt b Be, AT R PR IR
EE. BEEBIUANAN, FUBERR & BIERIEEAR
XD EE, BRPARMIE B
J&, FhTiE M AN I VE .
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Recent development and prospect of microstructure control for
magnesium alloy tubes

HU Gang', HU Hong-jun', LI Yang', ZHANG Hui-ling', ZHANG Ding-fei’

(1. School of Materials Science and Engineering, Chongqing University of Technology, Chongqing 400050, China;
2. School of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: The paper analyzed the technical bottlenecks and internal sources of the applications and development
of direct extrusion forming of magnesium alloy tubes. And the effects of various plastic deformation processes and
rare earth elements on microstructures and properties of magnesium alloy tube were summarized, as well as the
basic principles and characteristics. The multi-pass large plastic forming processes, such as multi-pass equal
channel extrusion, parallel channel extrusion and reverse extrusion, and the microstructures characteristics of tubs
were analyzed. It was found that multi-pass severe plastic deformation could improve the microstructures, but the
cost is high and the process is complicated. The principle of single pass composite large plastic forming, such as
tubular equal channel extrusion, cyclic expanding-extrusion, rotation-reverse extrusion, extrusion-shear plastic
forming, and the microstructure characteristics of tube were reviewed. By adding trace rare earth elements into the
magnesium alloy, the deformation textures were weakened or randomized, and the anisotropies of tubes were
improved, and the strengths and plasticity can be improved greatly. The principles of plastic deformation processes
of magnesium alloy tubes were analyzed and summarized. It is pointed out that the effective design of grain
boundaries and textures are effective ways to improve the qualities of magnesium alloy tube by adopting the new
single pass composite large plastic forming process and low rare earth magnesium alloy as tube material. Related
researches were prospected, and the problems to be solved at present were summarized.

Key words: magnesium alloy tube; texture; microstructures; large plastic shear deformation
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