F43E F 11 [ o1 4 i3 R Vol.43 No. 11

2024 4 11 A MATERIALS CHINA Nov. 2024

SIRAMEC: wbE, T, SRFE. ot FIHTLERA 4 TCA MRMA T4 S P PERERF S (0], P EBRIIERE , 2024, 43(11): 1030-1034.
ZHAO F, WANG X, GUO S X. Low Cost Preparation and Protective Properties of a+8 Two-Phase Titanium Alloy TC4[ J]. Materials China, 2024,
43(11): 1030-1034.

o+f FARELSR & & TCA 1] A A 51 5 B B 47 4 BE T 5

ROH LW, AR
(1. HRREF R b, L 100084)
(2. FORHELRIDFRAF, TR B 518066)

H FE. o+ BIHIEIER A4 TCA LA MEREE B, ASHFST I8 70416t 35 1 7 30 450 s 42 (30 A B A 738 B 3P P BB B TC4 Bk &2, R
LT3 (electron beam, EB) % HH b+ B2 [ AERE B (vacuum arc remelting, VAR) T2, WRAE TCA A4 7= & A 3 R Wi
PO T TR AR B WAL, WA SV R B A SRR EAT B 4 P e ST W R US| BEAR R BT, B K
MEARTPPERR TC4 A& PIN T T2, ZREW . EB+VAR K T ZFEPAIE ¥R TCA %5 MmT T, SCBAL
ARFEARL 20% ~30% ; Wi @ EERIN T2 To+30 CHARKITIRALH, JE1E T~ 15 CPIAH KB R — K ALH, HFAT
800 CiB K 1 h+z50%, HARREEH L, M ZUIRAS TC4 ¥R B 4 M g mefh

KR sha 4, A, BIMAL; BirrEaE

FESZES. TG146.23 SCERFRIRED . A XEHS: 1674-3962(2024) 11-1030-05

Low Cost Preparation and Protective Properties of
a+f3 Two-Phase Titanium Alloy TC4

ZHAO Feng', WANG Xiao', GUO Shuxiang’

(1. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China)
(2. Baose Technology (Shenzhen) Co., Ltd., Shenzhen 518066, China)

Abstract: TC4 alpha+beta two-phase titanium alloy has excellent comprehensive properties. This study aims to provide
low-cost highly-protective TC4 titanium alloy for armor protection applications. Electron beam (EB) cold bed furnace melt-
ing + vacuum arc remelting (VAR) process is used to reduce the production and preparation cost of TC4. The microstructure
of the target plate is regulated by two kind of heat treatment processes, and the protective performance, microstructure of the
bullet crater, and failure analysis of the target plate with different microstructures and thicknesses are tested, to determine
the optimal heat treatment process for obtaining excellent protective performance of the TC4 alloy target plate. The results
show that the EB+VAR melting process achieves a cost reduction of about 20% to 30% while ensuring high homogeneity of
TC4 ingots; through high toughness hot processing technology : billet rolling at T5+30 °C single-phase zone, followed by two
fire rolling at T,—15 °C  high-temperature point of two-phase zone, and then annealing at 800 “C for 1 hour+air cooling, a
dual state microstructure is obtained. This dual microstructure state has the best protective performance for TC4 target plate.
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Table 1 Chemical composition of TC4 ingot ( w /%)

Al v Fe C H (0] N

Upper 6.19 4.04 0.04 0.022 0.0025 0.062 0.013

Middle 6.06 4.12 0.04 0.023 0.0025 0.061 0.014

Bottom  6.08 4.02 0.06 0.020 0.0025 0.066 0.015
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Table 2 Room temperature mechanical properties of high tough-
ness (HT) and high strength (HS) target plate

No. trezlt::em ﬁ;; Rl\l;luf’z/ A% 2%
HT-8mm-T 1095 1035 17.0 41
HT-8mm-R 1090 1005  19.0 42
HT-12mm-T  ggoc, 1085 995  18.5 41

HT-12mm-R 1 h.AC 1075 990  18.5 39
HT-20mm-T 1075 1010 21.5 45
HT-20mm-R 1060 965  20.0 45
HS-8mm-T 1250 1145 9 27
HS-8mm-R 1225 1100 10 29
HS-12mm-T 920 C/Th, o080 1190 9.5 27
—————— WQ+540 C/
HS-12mm-R 4 Ac 1285 1180 9 25
HS-20mm-T 1290 1180 9 28
HS-20mm-R 1270 1165 9.5 30

T2 AR BRI FE7E 1060 ~ 1095 MPa 5 [, W75 ZE A
A 17%~21. 5% G E DY, FEARIB L, Mo T4
BUAR PRI IR AR 1225~ 1290 MPa J0 R, &b T2
AR O FEHE R 29 200 MPa, W5 LE 18 ZTE 9% ~ 10% 3
W, BRI TR AR 50%
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P18 mm LR R PEREAR (a) FITET 9 BEREAR (b) A B A 20
Fig. 1 Microstructures of 8 mm thick high toughness target plate (a)

and high strength target plate (b)
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Fig. 2 Types of perforation failure! ') (a) backside fracture type,

(b) radial fracture type, (c) delamination type, (d) extrusion

type, (e) front petal type, (f) back petal type, (g) fragment

type, (h) orifice expansion type

x3 BYERERERERHFIEENKER
Table 3 Test results of protective performance of high toughness

and high-strength target plates

Bullet Speed/  Distance/
State/Index Results
type (m/s) m
HT 68 mm Type 53, Undestroyed
7.62 mm, 82873 100 .
Extrusion
HS 68 mm .
steel core destruction
HT 612 mm Type 95, Undestroyed
5.8 mm, 93073 20 .
HS 812 mm Orifice
steel core expansion
HT 620 mm Type 53, Undestroyed
7.62 R
s 808" 100
HS 620 mm arr'nor pi(.frcing Extrusi(.)n
incendiary destruction

3 8 mm R FOARET M R E AR
Fig. 3 Damage morphology of 8 mm high-strength target plate by squee-

zing and chiseling

12 mm 538 ¥OACAE 930 m/s T 15 9 3 o 42 400 3t
RS DY RREIRIA, anlEl 4 PR, TR AR
NSRS T 446 10 1 A E ARG 3 1 o TS S A B TR 0
I SRR, 3, 5437 e IO 3 90 (L 85 1 A ek s 25 o
R EEA PR, B AR AR L — o B R A s AW, AP
P 4 7 ) SEAR T AP 23 A 7 R R B

K4 12 mm &5 RO AL Y R AR LA
Fig. 4 Morphology of orifice expansion type damage of 12 mm high-

strength target plate

Xt 4 H L s 5 v E R B (8 B EA T SEM BT 1
WS, SERANIE S o, P Sa A Sh s W A
BRI A B, BEARTERL N IAERITR, 25 AhRLTE S,
EEWAL RO RSN g L ia e G L AR P B &2 &
JEAESE, ORI e PRI 20, A BT RS
SHRBIRAL Y5

F5 12 mm /5 B RE AR LU R BT H JE AR
Fig. 5 Local fracture morphology of 12 mm high-strength target plate

bullet hole

20 mm (=R AR B SFLIE SR AR 6 s, Il 6a
HFLZEMIES, K 6b F 6c A 6a H 7 [ MLT Bk L HE
FICRIE . MIE 6c FFFLIE S0 nl Wi % 21 5 5 oo o7
AR B A B, SRR T A AT 19 O ) B AR
AP Essd . W Aiases T VR0, wE 7 R,

7 W, 20 mm @ EPEEEARTE 7. 62 mm ZF HR AR
SR AL A RO S, 4 RT3 (adiabatic
shear band, ASB)FEETTIA 15 wm, MEASAILUR =1
HBRAE TR R W R b, @t R PR AR e )
AFLA AR 2 (R VE AR SRR AR TR WS 3 o
drzhee, FRILLERMBEIFRES
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Fig. 6  Morphology of bullet hole on 20 mm high toughness target plate ;

(a) macroscopic morphology of bullet hole, (b, ¢) enlarged

microstructure image of upper wireframe

P 7 20 mm S R0 SHFL R O B f L 1

Fig. 7 Microstructure near the bullet hole of 20 mm high toughness tar-

get plate
4 %

(1) B, T3 (electron beam, EB) ¥R a4k T 5¢ bl 0]
WO BRI, Hoas H FEMS KR (vacuum arc remelting, VAR)
ARG 4, ZBRACER . EB+VAR R T2 L)
S TCA JRAS 20% ~ 30% I REAR , ] I AE 68 PRI 75 58 11

(2) RHE BRI T T2, T,4+30 CHAMXIFEREL
i, Bl T,~15 CWIAH DK R IEE — KELH, 800 C/1 h+

AR KR, A5 BIRUSALEL TC4 $E AR, HOIRZSHE AR

LRI B TE 1060 ~ 1095 MPa YL, K15 2E 1 5 AE 17% ~
21 5S%TL I, ¥EABYERAT, B ERER LS
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