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Progress in Severe Plastic Deformation of Ti and Ti Alloy
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[ABSTRACT]

situation of the severe plastic deformation (SPD), the char-

Combined with the current research

acteristics and deformation mechanism of equal channel
angle pressing (ECAP), high pressure torsion (HPT), fric-
tion stir processing (FSP) and some other severe plastic
deformation methods are introduced. The effects of severe
plastic deformation on the microstructures, properties
and influence law of titanium and titanium alloy are sum-
marized. The research and application of severe plastic
deformation on titanium and titanium alloy material is
prospected.
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Fig.1 Diagram of ECAP

AR Iwahashi 45 °' ARG, 7EiRE SAREESE A28 3
AIZEAET SRl A B AR R B A i 6, B T H%
FEREL N PHETE N ASHT ¢ FIMZINAT w BIR/N, B

g, = % [2cot(% + %)+$COS€C(% + %)] o

ECAP W it FE AT LE T o ARBEAH SR BT R IE IR
[ SR ARG TS (R et T e 2 1) A B A ], g
ECAP T ZB&Z -k 3 F, Bl A B F1 C ;5 ARHETES 77 )
AR, B642 B LA4R B, Fl B 2 FpJ5 =,
1.2 ECAP XW# R &L MR

K ECAP HEAM & 8k Bk & 4, FE i 9

2013 4R35 16 9] - B HlE&E A 139



MY
ﬁiﬂéﬁ*m% RESEARCH OF FORMING TECHNOLOGY

PE 2 55 W BRI JE b 25 T A B S Ko B )
TEIRE 600°C A8 H 4 0.3s™ 54 FXF Ti-6A1-4V 54
BEATH R . 45 F 3 1 St 4 A 55 R Bt T Y % 484 o v
I, s RSF R EESY 11 wm 20463 0.3 pm, PHER)E ,
A RS G B S AR A (E SRR ] fi 37 A7 22 Bt 3 v A 14
JNiH K. Stolyarov 25 ™ 75 400~450 °C 3 Fil P4 43 1l i
it Be. B, C 3 FhgAxT Tl 4lisk i ECAP AR TR HE
T THE5E . BRI, 3 PR & 2 1R AR Y 5 4 ml fifi
sk AL (ER FH B 7 AR X i i Ak s R el
4, T AR 34 ok RS 260~350nm 1255 R RE 5 T
Hofth 2 Fh oy =8 HBESAS P B9 AR S50l & . MEE A DY
Y172 AR LS A B 73 T 28 ORE) B A B A 25 M A 20
B EFE 2, Luo A Xia 25 PV F] H I (4K F#E 17
ECAP 2, 158 7 fobi R F /T 0.8 wm AY4HNTHAL ST,
BB IR 5 B 15 5] 650M Pa, ZE{H%AF] 16%., 1E#
A B () 2 A5 RE R sh A 45 e R EUR R AN fE iy
BRI R, JE RSB 4 S 45 A Hall-Patch CR, IR
HOHE R Griffith FEXS AEARR A SCE AT TR ILAh,
ECAP BTG , BK Bk G 4 9% 57 i 38 AR J8 b Ao, 5
%%%— [10711]O
1.3 EACP #H&MR#1

LA G, ECAP T2 REAT /LK 4 A 55 16
I, il 45 g K Bk AR, X T ECAP ¥R RUE , 7E8r
F sk A8 v BT U1 AR T A ) Tk AR 3 1T A9 4R Ak R 1, 3
SO S b ) FURE X5 50 L TR SRR PN B RS 31— 1 s Ak
YERT. H. P. Ng 25 " HI Tl 4Bk F Al60V40 Hial45 4
(MA )i 37 ECAP 183 Ti-6A1-4V H R, 1EH N
S ECAP &b FH Ti ki i AH B 55 V) A T A 850 25 R 1
Wk Fe I A AAL)E AR EE T Ti-Ti PURLAYIEE ; Ti 5 MA
WokE 22 [0 A7 AE 20nm 2245 AR SRk, A2 IE R
OB BELAS, Ti AT AL TR B 0T DA i 4
T2 B ALZE P &4 . Haase 2 W 9 T /RIS
A TR K T KBS U ARTE AT LIS B 308 B
ik 99.26% (1) Ti—-6A1-4V Bkt kL ; ECAP Al LRES R
JFERFAR 150~250 °C.HF LA 2 (4 44 e 4 2034 50 BU% B 45
s SR Ti—6A1-4V HR b kR R 2% 15 3
99.88% , 4k [CHEFE 445HV , e KPLH5EE 1080MPa, Lui
M Xia 2 M0 T3 ALK R HUIR A 5 76 350 C IR
THAT T 12 ERE ECAP £, 158 1 foki R f k5
300~500nm FIABAN T Ti-47A1 &4, HAS 304 4440
PI5] o BRI R IR B 4 &
1.4 $AK$KE S EACP HEEM

Deform BAFAERALL R mT LAAR HE A% 1Y 42 727 1
PEAT E ShRI43 WA R AT LA S8 21 88 AR A A K
Bidl. Delo 1 Semiatin™ i ii H Deform £ PR ICH 4

140 BizEREEA - 2013 4658 16 19]

BT ECAP B e , il BB 5 K B L 45 R A
FEYE ZBUE R RN Sh i BRI 3R, TC4 SR G & 1R
900 °C 251 T B il H BL B 2 ) 2280, SR B A
A7 1 T AT B e aod A8 ) AR T AR e 2R HE A
T 3 383 B B S0 S AT S A H Y o

X ECAP 5 Head il Jils i 1 4977 i A Rk T
K TPRAS , iT U R s R BB AR R 0, O H.
A RERARIAVE AR RE , SCBURRL ) Sk 20 A AN 2 )~
PR, ARGk BTN TS RS i 4iEk ECAP A2
SRR R AT Rt B e AR SR AR I fig
T3 ABSE IR BULIE AR &, R T 2 1 Wiy A2 ™ 7
N T AR IR A B2 S0 FE TN T 1 B[R] o 8] A5
HANE AR ReA ROHBRBURE T SR e , ELv
JE IR LB YA B RN

2 SARISEH HPT i
2.1 HPT ZTRHIE

R ( High Pressure Torsion, HPT ) YE R —Ff ]
FUIBVEARIE 715 , e AL el 1) P 440 1) ) R R A 7
TRt L, T LA AR BE 45 RH ) Ry R A5 50 7, AT
RESZIR T — s WIS , SO T ] B R 40 A8 0 .

E2 HPTEREREE
Fig.2 Principle diagram of HPT
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Fig.3 Principle diagram of FSP
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Fig.4 Microstructure of TC4 titanium alloy before and after FSP
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