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Fig.1 Microstructure of hot-rolled Ti-1500 alloy

* 1255«

Deformation

zone II

0-1
I Deformation
11
o1 r zone
O—l

Deformation

zone |

A
< 0'2 |
Il |

P2 Ti-1500 & <5 B[R <5 B I 4 40 A
Fig.2 Metal streamline distribution of Ti-1500 alloy fastener

3 HERE5RH

3.1 AEIAHEREUAIR

Bl 3 4 Ti-1500 & & AU WFE I 2 W IESR . AT LA
B, A4 4700.820 F11900 C # a1k BB & VB
H ORI Pt B B ffs . 700 C BV L BT DA 823
SE B E BI04 8 R 4R, TR R Y & 8 IR 3h U7 1 HE A
(& 3a) , 2476 5 T 2 820 ‘CIY, 4 8 i 4R AR 154 H 150
(K 3b), 1M 7E 900 C B, 0 X DAL %2 21 4 J& It 28 (1) JR 328
(El3c). AT L, VBRI 0T & SR 4R I T S
BERFEM . AT, & @M BHERVE T TR
JEE T v R 7 T R AR B AS B A A B B T A A R
AR R A (AR T Sk, PRI, B85 VB (R T
BNAS P45 AR T R B AE AW N , AT 5 B RV B A
(1) 45 7 I 40 TR FEBABE R
3.2 AEIAHERELR

P 4a, da, Fll 4a, 53 5l f& 700 °C FEIL AN [F] A8 T [X 35
R L. " LLE B, B RIX AR X 35 & A K
= ot f T AN , A TEIIX A B ik R A T R
AT B TR (B 4a, fl4a,) o AR TN () R AE Fvi)
I} 52 3l 1) B T B H AR 4R . 700 C GBI AR T T
X AR T X A A A8 B 2 1 P45, | T8 TR TX 9 A8

b

K3 Ti-1500 & 4% 1 2 WK R
Fig.3 Macro-morphologies of Ti-1500 alloy fastener: (a) 700 °C, (b) 820 °C, and (c) 900 °C



* 1256 MA&EMES TR 54 %
Deformation zone I Deformation zone II Deformation zone I1I
&
=
S
=
£00 im 100 pm
&
=
Q
oo}
200 um 200 um
@]
o
o |
S
15N

200 um

K4 Ti-1500 & 5K E 11 5
Fig.4 Microstructures of Ti-1500 alloy fastener

TR K, NG AHE o LRI R B R ARSI S 4 M, T
THPE K F EBSD HEAT H1 1

Pl 4b, «4b, F1 4b, 53 71l 72 820 C HAEIIT AN [H] A2 % [X 45k
IR . ATLLE B A E T 700 °C L 7E 3N TE X
KRG E o M IAFAE , T R AZLE Bk, X2 H T 820 C
PR G S0 f, AR R R g =k TR BT,
LR AT a—p AR LK AE BT R R = 2R T B2 1
BIASEEE . 0T ASTIX ORI AR FF Ak Y
K3 X I L 53 ) 2 30 S R R PRI R . R
SE L ASFEINX (A IR0 4328 B AR R ANEE 2 A8 FE 1
T BB AR T At R 8 V. 245 R A AR T B T j 9 B A2 T
(13 IR TR A RO A B i T, TE BT /N 9 55 B A

P dc, v Ac, Fll de, 53312 900 “C HRBII AN [ 28 T [X 3,
MR Z . AT DU W, B R i — o T, RAE T
BRI TR, S 3R X R R R R A T —
ERERK K. EHAFEZRME, AE L 820 Cik &
900 C, ZJEIX B dh kLR /N T AR TEIIX, 3% A2 Hh T IX A
X3k BT AR K ZE 5, VB AR T 8 5 KT
PR TE 2 BT A% A, AEL R B A A3 AN dfoRE ) AR S
T4 = B

K EBSD Xt 3 Fgihil il 55 R i A A 2k AT T
— M. K 5a,.5a, fll Sa, /& 700 C A [R] AR X d5k

) SRR ER A o AR PN S Bt 2 R — e AR LR
SN AR T DX ek HR B 1 22 20, T DL 8 PR 2 T AR
AR, FEATEIIX Y s A R 0 P 35 R 30K B F 7
R T BRI 5 (I 5, , AR TRETIX A K 3840 okt Y
R B R B 2 U B TE SRR N SR AT TE 2 A L
/N BEE S SRR s LA B, 1K SR B R B S Bl A
g PR AL SN &Y AR R FE I IX A (R A
HREWHI. MEETEE 820 CHE, 3 AR X Ik
(0. & 2 B 1A BT B AIK (J Sb, . 5b, 1 5b,) , 900 “C i
i B — 2D PR AIR (] S, Se, T Se)

KA JE G TR A I T DL SR RAE SN AS 45 dh
HEATREREM, P 6 HhASTEIIX A A B 1] Sa,. 5b, Fl
Sc, HPEE O R LRAE N (0 ARk, AP 6 BT, T AR TETIX
A TAEAT REFAR , FLAE LAIR B dfobi & AR 45 i, VR T Id
FE o P2 A v 2 B AR AL A R AE T BT R R T O & T
G, PER B A AL LA Bh & B 08 3, TR 7E
700 C A B 22 KT 15080 K A B & A
21.6%. 46 TF 4 820 CI, A vg #3515 T H £ fe
i SR A 2 R A LA O, KA A S
T2 41.5%, (1T 820 “C BT B &b ki & A= S 54k , BEi
M EN A PAMLEN AL NN A T4 i . IRE T2 900 °C
B, ERL A% R 5 KR 1 LUE R/, ff FHE R i R 1



5 1]

THEEZE: Ti-1500 & 4 B HVBURIE B 237 5

e 1257

Deformation zone I

ND BE 5 s oA ) b
AJI S :

700 °C

820 °C

900 °C

Deformation zone II

Deformation zone III

E5 Ti-1500 % 4 S - ok B A

Fig.5 Grain orientation diagrams of Ti-1500 alloy fastener

B 700 °C
sor [ 820°C
Hl 900 °C

Frequency/%

Deformation
zone 111

Bl6 Ti-1500 & G 5 [ {4 K B A0 I L
Fig.6 Proportion of high angle grain boundary of Ti-1500 alloy

Deformation Deformation
zone [ zone 11

fastener

B0 deoRn AR B SR AHA, KA B R R BB N &2 53.3%
F b, BN WA R R AR R L,
700 °C B 1K A1 B il 3 AU 20.3% , Bl TR I (1) 7
KA RS R AR RN . EAE RN,
700820 1900 CAZJLILIX (1K F B f I & S 45K 42
TEIX, BT HAg A7 B D SR A X UG, IR JE T T 2
[T 2 2R HL 3% A 6 9 RO A B 5, DRt AR TR T (1 K

£ FE i 5B B ST S A ARG

AT B K B AT N, 3R 5l R A% FH KK 1)
fifi A7 Be AN BT 0, R FR T A% 28 4 7, 700 “C B BT A%
FRERKHEF AR K, BRHL RIS T KR4
fim /N droRL (P 5a,) , KA 2 i 0 B2 T 22 57.5%. 800
F1900 “C B 1) P-4 ity i R AR OK S DK A B2 B s
HREE6) . REEATLUIX A KA &R & R
FETHEA TR AR R TEREAR EATYR & T S AN AR TR X
B, IX U B AR T B RS KA T B0 P4 b AR o

W 3 o, BORE 19 4 8 A 26 B o5 UL S T R iR AR
RIERIAG . SRR R4 MR, BRI
& @ IR 2 — Ry A A e B 7 1), BT DS SR A 1 )
PERE R E R E R R & R, BEOR TR AR S
B &R . H2HT Ti-1500 & 4 7F 820 1900 C
B 3 AR TR X35 K A T BhAS T4, B KL AR
BABIR T S5 AR 421 27, 20 BRI IR T S ol 44
4 Bk (B 3) . TiLE 700 “CHABI AU A A FINX 17
1/ B FE /N SR, IR L & Jm i 2k th s e 2
3.3 A4y

PTG FE PO R R0 & e ) R A



* 1258 «

W] B RS TR

554 3%

EmUY RO R R AR T R AR T R B ES
T4 B 5 3 3 0 5K AN [) AR T Xk Py 00 7 A I 25 R )
DAL b, A7 0 TEE 5K 5 T A S [ AR T [X 45 ) 2R R B AN A0
SR AT VRS b . B 7 AR TR IINIX ) HHE B e T
5a,.5b, 1 Sc, H 3 €0 i 2 HE P IR d o

AT, AR T R ) Sk T DL A P o s e .
Kl 5 AT, £ 700,820 F1900 “C 3 AR [AIAE T X ik B
i) LA <001>F1<111>J7 18] 9 =, A A 06 22 9 41 43 At
{001} AT {111} & 1 % A% B . [ 7a,+ Ta, 1 7a, 5 ) 52
700 °CHEAZ FAIIX X AT 0% B, Hr (00 1) 4 1 %
AR P v PR AR 2 B ) SRAEAE R i b 77 [ (NDD , BB LA
<001>H 1] ] S5 R E ND 7 [l i 1 8 AR B, B R R T
{001}/ND K . MTE L) E A, AR TETIX A T B
R, AR TEINIX AR FEINX R T P47 1 ND J7 1]
FI{111Y 80 . R, 700 °C 3ANEE T X 2R AR T &
BRI R IZ T 0] {001y SUR AN {1113 SUR e 4k, HLASTRI 28 T
X 35 1) A0 2 7Y A A (], 2 B 5 4o Sk 38 IX 38 P 2304
BA 8. REARFRIRE XS 28T [F 5 2
SR SR AR R E R . 700 CHEARFEIIX 1) {001}
SRR EAA 3.47, MFEAR T BRI X35 {001 } 24 5%
AT HEMRERTE, AR AR X 2R 55 43 5]
IEFNT 10.47 F132.07, {111} K58 FF 5%, AN [ AR TE X
S PR SR i P 22 T BN

2 BB FE T 2 820 A11900 “C IR [ REFE B 1 4T
T ND {001} Z3R R0 {111} Z3 4, 3 H 23K (10 36 44 B0 A
55700 C # B (B AE [R] (L 76, L 7b, 01 7b, AT 7c )

Deformation zone I
(001) (111) (001)

Ty

700 °C

A=1047

820 °C

900 °C

Deformation zone II

Te, Fl7c) . KL, 7 820 1900 “C #VEH A {001} A1 {111}
SR P (3R T — PR B T AR T 3G KR i T 40
] {001} AR AT {111 23Ry Ah . T A8 P IR B T v e 1
SR AL LT 520

N T SR b AR TR e AR ) SR VR R
EBSD F #5045 3815 (1 db b5 S AT T 2 | IFA . KIS
FE{001} AR AT {111} BRI AR AR 7 BORE IR B, L A AR T
TTX f H 8 B T P Sa, < Sb, A Sc, A3 6 i 2R AE P4 1)
K. Gl 8 AT, AN 2 700820 18 /& 900 C, A &
ASFX I8 AR T X I, {001} 3K FRI A AR 43 BOA I 14
I T 1L SR AR oy B e 8 n 5 A . X Ul BHAE AR T
RN, TR £ 1 SR 7E AR TR I R H 1R <001>
<UL1>J5 [l , T A8 T8 B3 KIS, <111> 5] f it R mf
BEREAR Ay T <001>H ] 1) o

SR 8 B AR AR 43 R X R AR A L IR 5 LR P il
FA R, AT IS R ORI R AR R T T R AL
) s FLUR, SRR I P 45 T i — ST I 2 . FRA S A
AR AE AR T J 1) b kA R P 35 s R R i e =
AN B FEES A SR T AR T 2, P4 i A RL
AT B T AR T SR AZ A K I 528 T df b R 5 AH [ 1)
I e 3T 45 SR 5 B 34 0, B AT RE T 5 R T iR
ANTR] BT ) oA T B SR R T R %

AR T AR TELIX 8 0 2 AR TR IIX B, dfokn 2R T
BRIBTE , S AL 98 52 BITR AR SR, 75 T i 72
R RL[A]<001>//ND J7 [A) EAT 5 31, IRl {001} 234 5 5
FAF AR Tt . {111} ZUF 35 76 A8 T 1 72 vh 1

Deformation zone III
(111) a, (001) (111) a

3

L+

A)-62.07

7 Ti-1500 #5555 P59 {001} A {111} T Al &
Fig.7 Polar diagrams of {001} and {111} crystal plane families of Ti-1500 alloy fastener



5 1] THAFSE: Ti-1500 A & B E VBRI KO 2H 230 52 « 1259 .

100 100

100

[ <001>/ND a [ <001>/ND
I <111>/ND gol HE<i11>/ND

X

= 80f 80 1
.2

k5t

£ 60} 60t 60
g

% 40 401 40 +
>

[5)

‘é 20 201 20 f
%

(o)

I 0 0

Deformation Deformation Deformation Deformation Deformation Deformation Deformation Deformation Deformation

b I <001>/ND

Il -<111>/ND

zone | zone 11 zone 11 zone | zone 11 zone 111 zone | zone 11 zone 11

8 Ti-1500 £ 6 55 [l 1 (I 2V A AR 70 £k
Fig.8 Texture volume fraction of Ti-1500 alloy fastener: (a) 700 °C, (b) 820 °C, and (c) 900 °C

AR AN B 5, FARAR D BOR B S T 5 B B A, AR T
11X AR FLNIX [ 2 25 T 45 An AR B ARSI, {111 231K
T AR [F) R B2 B AR 1 B2 0, A8 A o R v o R LE ) <001>
7 ) % ) [F] B R AE <1117 [ 3% 5y, DRt {111} 434 4
o HCa Bt n. B siiE™, 5 RERmE R E &
i AH % 1 2R | 32 B A a-fiber , p-fiber A -fiber.  H:
H, {001} 2R )& T -fiber, {111} 2K )& T p-fiber, — 1Y
MR ARG . TSI S S AR X i 2R A
P 2 () 20025 4 o » R {100y SR AR B3 B0 B T
Sk KRR K.

BT AR TR B3 K B R (R T B3 4 Sh gk AR, I
AP 2P R A 0 SR T 52 81 T TR SRR . 456 K A
J3E 6 515 {0011} Uk 580 E AT AR 43 30025 A e e R, 25
RN AR IX B, =25 3 2 k%, X £ 0
{001} 2L 5 P AR 2 50000 18 I P B 52 1) 1 P45 AR 1)
SR, L2 75 T 4 5 8000 8 ok ) 2 S BL<001>
N BRI, {001} Sk I3 B[R] i 52 31 T AR F0 T 45 4 1
SUEE S o AN RV ER ] A oL LE AR T 1 B AN TR
AR BE IR R % B2 o B ST R B, X T4 00 3277 (bee) 42
J& , <111> B[] iR 1) 22 3 R 7 K F <001> B ) 4 KL,
<ULI>HA] ) deobn 2o SE i i A g . 4R TR R HATE
NS YIERTANCIS A ESEE SR RN
it RLTE J A% 45 K K R v 6 SR PR B o S HOSE RS ik A7 B
AZAR B <001> B ] i Rz (4] iy 3 45 1) <1 11> H 1 & L i
FAER , IS B B4 R AR B0 BT R %

AT R0, 4 JE AR B MR AR 3 BLE I T B R e
% » il 2 TR e L T R R A R A AT R AR
Chen %P YEWE 78 B-4K & & 75 FAEL b 7 v 1) U vt AR 1t
KRB, BN A T4 0 iR 23 1) BRI B R T IE RS, 5B R
BV K P E v i 22 5 B0 45 R BT BTG, A
M54k T A8 410 . Primig 2528 70 T bee 4544 4 @ 4
TERAR T I R o A AR , RITE L T PAT T Imay
[ PRI 2T 4k 23K {001 Y AT {111, FLFE 35 208 AR [ 48 fin Az
TE UL FEE (6 T =, {001} 44 AR 4y BN T 38 . Lu 5524

Ti-35421 #JE 45 48 T2 S 06 R34 B RLAR A0 384 i 2]
0.92 I, {001} ZARA) 3B 7 3G i, {111} 2R B ek 55 o [F]
I o, AR P B 25 K5 61 DA 0.468 1IN 51 0.483, 8 A 110 2%
FEIR T AN 0.452 32 7 38 N 21 0.462 , 7% B A 4 1208 n) 4L
W K J& , FECRTEBR 38N, P AR B 3K AL . Raabe™ T
FFEW, 5<001>//LD fEkiAH L, <111>//LD i 22 T 75
B Z W B RS, M TR K, R s AN

F AT I, 5T B bee M I & B MR UL, B
TR AR BN, <001> 3 72 7 7] FF 46 % B0 , I T B {001}
2. Ti-1500 & & RABUE R HAF &H KELE,
B HI<001>77 1712 1 78 5 A AR ), T A2 TE i
i R R <001> 77 1) 98 R 5 B (R N 30 2465 P 465 ot 0 )
<001>J7 [Al ek . [, B AR J 3 i, B AH ¥ {001} 21
FIZ TG 3, {001} 2R AARAR 0 Bt AE AN W g

gk B ATIR , fEAR T B3 G FE R, {001 23k 5 A
RT3 B 3G 05z 21 7 AR 45 b IO R B2, AR
{15 58 22 1) i b B 1) 3% 15 <00 1> 77 (7] , 5 45 4 T B IR0
foR 32 B <00 1> HR [ oo 1717 {111} SR 5 7E HE A
AT X S AR KT 55, FLARF 40 B0 2 00 ST G B e
RORTEAR TSR R 51 1), TR T 8RR 45 H0
o, T R K S BRI T R
4 % i

D Ti-1500 & < 7E 700 C Ca+f AR XD FELIN A TETX
AR FEILIX 3y oK R A B2 T4, AR TR LXK A T 3)
AP B 4 A 2R 07 T B 5 5 7E 820 C Gz B AH
XOBF 3 AR X 33 kA2 T W R (I B0 AS 45 o » X ] 4F
& IR I AN AN 76 900 °C (BHXO I I T S kiR AL
W&, I 4 @I 2%

2)Ti-1500 & 4 7E 700820 F1900 “C £l i} 3 MR
X ¥ J% % 1 {001}/ND 2344 #1 {111}//ND 2 # , IF H.
{001} ZRE) 1) i 2 AR FR 73 H7E 3 AN AR TR X 52 0 5 1
TP T {111} 2 AR AR 2 B e 1 0 s B A



* 1260

W] B RS TR

554 3%

SE K

[11Li Meng(ZE %), Feng Weizhong( A 1 "), Guan Lei( 5% )
et al. Nonferrous Metal Materials and Engineering(15 €4 J& ¥ Rl
5ILF)[I], 2018, 39(4): 49

[2] Dong Ruifeng( #& #ij U%), Li Jinshan( 2= 4 111), Tang Bin(J& &)
et al. Aeronautical Manufacturing Technology(Fi == il i%& £ AR)[J1],
2018, 61(4): 86

[3] Shi Junfeng( Jifi & 1%), Han Zhenmei( ¥ 2 #§). Mechanical
Management and Development(NUBGEEETTR)[1], 2020, 35(5): 258

[4] Zhao Yongqin(X 7K JK). Material China(*F B #1153t J&)[J], 2010,
29(5): 1, 24

[5] Zhang Xuhu(5K 2% j&), Shan Qun(*f. #f), Chen Yonglai( 4 7k >R),
et al. Material China("H E#4 ¥}k f)[7], 2011, 30(6): 28, 63

[6] Xin Shewei( 3 #t1#), Zhou Wei(J& 1), Li Qian(Z 1%) et al.
Materials China( E A EHIERE)[T], 2021, 40(6): 441

[7] Sha Aixue(¥b 5% %), Wang Qingru( E K i), Li Xingwu(ZE 3 70).
Rare Metal Materials and Engineering(%i 5 4 @M #L-5 1LFE)[]],
2006, 35(3): 455

[8] Zhu Liyun(%4:Z= =), Cheng Quanshi(#£4x 1), Hu Qingkuan(# &
%) et al. MW Metal Forming(&J& M LFEVINT))[JI], 2016, 23: 15

[9] Xu Yongchun(¥ 7K %), Zheng Gaofeng(H /=1 1), Yin Xiaojian( %
/M) et al. Development & Innovation of Machinery & Electrical
Products(HLHLF= i H K 5 81HN[I], 2021, 34(6): 131

[10] Wu Chongzhou( 5 52 J#). derospace Materials & Technology(F

AR T 2)[I], 2007, 3: 61
[11] Li Zhao(ZE %1]), Wang Yanju(F Z %9), Geng Changjian(¥k ¥ %)

References

et al. Transactions of Materials and Heat Treatment(Ff } #Ab BE
AR)[7], 2020, 41(5): 79

[12] Li Ping(Z% ), Duan Yuanpei( B [@ 1%), Xue Kemin( # 7 )
et al. The Chinese Journal of Nonferrous Metals(" [EH th & J&
2411, 2010, 20(5): 872

[13] Wang X, Jahazi M, Yue S. Materials Science and Engineering
A[J], 2006, 434(1-2): 188

[14] Zhang Dongdong, Liu Chunming, Jiang Shunong et al. Journal
of Alloys and Compounds[J], 2023, 944: 169190

[15] Jin Hong(%: %%), Yin Yinyin( % £ #), Liu Le( X ‘R) et al
Forging & Stamping Technology(H £ A)[J], 2022, 47(6): 55

[16] Biavant K, Pommier S, Prioul C. Fatigue & Fracture of
Engineering Materials & Structures[J], 2002, 25: 527

[17] Buirette C, Huez J, Gey N et al. Materials Science and
Engineering A[J], 2014, 618: 546

[18] Gurao N, Manivasagam G, Perumal G et al. Metallurgical and
Materials Transactions A[J], 2013, 44: 5602

[19] Sander B, Raabe D. Materials Science and Engineering A[J],
2008, 479(1-2): 236

[20] Primig S, Leitner H, Knabl W et al. Metallurgical and Materials
Transactions A[J], 2012, 43(12): 4794

[21] Chen Yi, Li Jinshan, Tang Bin et al. Journal of Alloys and
Compounds[J], 2015, 618: 146

[22] Lu Tong, Dan Zhenhua, Li Tianjing et al. Journal of Materials
Research and Technology[J], 2022, 19: 2257

[23] Raabe D. Steel Research[J], 1995, 66: 222

Study on Hot Upsetting and Microstructure of Ti-1500 Alloy Fastener

Ning Zhaoyong'?, Xin Shewei'?, Zhou Wei’, Wang Xiao’
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The microstructure of Ti-1500 alloy in three deformation zones at different hot upsetting temperatures was comparatively analyzed
through hot upsetting experiments. The results show that the hot upsetting process has a significant influence on the microstructure evolution, and
the higher the hot upsetting temperature and the larger the deformation degree, the more obvious the regional dynamic recrystallization.
Specifically, dynamic recrystallization does not occur in deformation zone I and deformation zone II at 700 °C, but obvious recrystallization
occurs in deformation zone III, a— f phase transformation occurs at 820 °C, obvious dynamic recrystallization occurs in all three deformation
zones, and the recrystallized grains grow excessively at 900 °C. During upsetting at 700 °C, the {001}//ND texture is formed in the deformation
zone I. With the increase in deformation degree, the direction of grains in the deformation zone II gradually changes to the directions of <001>
and <111>, finally the {001} texture with higher strength and more volume fraction is formed, and a part of the {111}//ND texture is formed.
When the deformation amount increases and influences the deformation zone III, recrystallization forms new grains with <001> orientation, and
the boundaries of <001> oriented grains migrate to those of <I11> oriented grains, which leads to the further increase of {001} texture strength
and volume fraction, while the volume fraction of {111} texture decreases. And the texture type, texture strength and texture evolution law at 820
and 900 °C are consistent with those at 700 °C.
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