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Abstract

The composition uniformity of TC4 alloys ingot during electron beam cold hearth melting which
used different melting speeds was studied. The results show that the ingot produced by electron
beam cold hearth melting accord with the national standard, with a good melting effect. In the axi-
al direction of the ingot from the top to the bottom, the Al content presents a decrease trend, and
as the melting rate decreases, the decrease trend is more evident. The V element distribution is
uniform, and no segregation phenomenon appears. In the radial direction of the ingot, the alloy
elements distribution is very uniform.
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1. 518

KRR e T HARE L . bR . T miR . IR — R AR, R, HiR. Al LT,
edt s BTSSRI R T2 KN L8], 22, SREAH G e M ARE SRS R, £
BTREZ S B SRR RN GG S, a5 R MR R G SRk 5 RIFI T ZMERE,
BRI, BRE B PR b I O B MU DR NI AT 4] AR SEI A B AU R (VAR) T3 i 1 1 25
BUR, MR BB E E55E 5 MBLE SToR AT, o RgiAs . ZEfLEEa & EREE(5] .

LT AR PRI R (EBCHM) /2 20 120 80 - AURITAA A T Bk & S R i — FORT AU RO, IR R
BHEA, R, SEVEREE 08, MR G B rh 0 e A (HD ) AN S 2% (LD A 2 25 1 L BRACR,
HIER I e 2 250, R RAF[6]. H AT HL T HA RIG B E Dy s B LB 1 AR &
WS IRTTIESE B T A 525 [ ) v P B AL AR A I

RIS R W 1o 7 A RAE SO I RS O R 2 N = A B, BIJECRHE R B, %
PRAT IR BOMBE R B B o REIRIT, JEORHE R AT 3 b7 A BB 5 AR HIR (RIS %), VA IR A2
MU HE NGB S 39, Bk ] 5 T P b sl KT TR AR, R e LRI N BE S . B RGN
BRI AR, TR 1 4RSS SR IR A R R, 8 G R B ] 5 R B AR I T R R
B A 2 ML DR NZER 2 R NS s IR . S ER G SAERBIE e T, e s R i T
PR NGRS, A 702 FI A AR R TR I JEORE 0 2 B2 Je 2% (RORE WC) R TE N BEse, (IR
Fedk LRI, fLmiindt, @A LR [8].

HL T ARA TRAE M TCA AR A & it R, A LS B EE BRI, G T 225
PG, WAL TCA k& St & B obniE, WIS, SRabUmtERe it R, R T
SEHAGHE, MDA G IIBIR[9]. ARSI ERTTT LT A AR AN R O R AR R
TC4 Bk & et be i s 211k .
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TC4 KA &4 U N Ti-6Al-4V. SEE AR PEILA (& @il b iz i Al 588 7.3%, V&
N A% RS BC LU EAT EORY, JF i i R AR, R AR L R 20 kg, IR E 4 0d S HFE(VAR)
WS — R 1R8] — K EE . ARG K — IREE S FL P RO IR T 18 M, LB MR 3 /MIlA% 35 d210 x 850 mm
) TCA R & 44545E, 58 9195 4 No. 1, No. 2 fl No. 3, ZEMMI R, BT IRA R T =5
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ANV AR, 4 5 70 kg/h (No. 1), 100 kg/h (No. 2) LKz 140 kg/h (No. 3). J& 445 6 5E 50
W 2()FiR, 4 TCA BEEe A mFITT, Sk E il 515214 SRR i 2(0) R,

3. HR5ITR
3.1 TCA RESHRMELFER SIS E S

¥ T AA RIS 2 TC4 4 & 44558 (No. 1, No. 2, No. 3)#\f, Faalfesser) b . F=4
PR REAT AL 22 i DN SE A5 BT R 7 AT B dn 2 1 .

ML AR A . RIS R RS R L, S HR K TCA SR & S35 L2 iy Y01k 3 1 1 X
FRAERLAE FRIE R, (H R AN R B R B 25 52 R TCA Bk & B35 58 i A 501k, 2 IE Mok 2 70 kg/h I,
WL RE TR T I R, AR BRI TS Hk . TCA BRE &P HEETRY B, SNk
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B2 FEE SICRY BN ST 5E B F S PR ELZE[10] . 2 L7 RV PR B Hod 2R D 100 kg/h
I, ARG T, AR TR, R AL i 35T, LS BRI ) i
i, BUUWEREIRFRAE] T SEIR K WU H AR, & AR AR R

3.11 Al TEHMEI ST
MR A 1 Al tH & T A RS R JS . No. 1. No. 2 #1 No. 3 e s S A AN A & &t R fh i fr 4k
FROIEEE, 2HIH Al TTRAERSE A B Ay TR =AU AL A B AT R AN 3 PR

¥ it F| s T2

FF A TTLTLLEES

B 7K HA AR

Figure 1. Schematic of EBCHR melting process
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Figure 2. TC4 titanium alloy ingot morphology (a)
and alloy plate photograph (b)
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Table 1. Axial direction chemical composition of ingot at different melting speeds after EBCHM

3 1 BT RLRA I BRI R R e E L R SY

Ingot  S2mPling wi% Melting speed/
position Al V. Fe i c N H o (kg:h™)
Top Bal. 6.40 4.00 0.05 <0.04 0.01 0.021
Middle Bal. 5.40 4.00 0.06 <0.04 0.01 0.020 - -
No. 1 70
Bottom Bal. 5.30 4.10 0.06 <0.04 0.01 0.020 - -
Average Bal. 5.70 4.03 0.06 <0.04 0.01 0.020 0.001 0.08
Top Bal. 6.50 4.10 0.05 <0.04 0.02 0.025 -
Middle Bal. 6.30 4.00 0.07 <0.04 0.01 0.029 - -
No. 2 100
Bottom Bal. 5.70 4.10 0.05 <0.04 0.01 0.022 - -
Average Bal. 6.20 4,07 0.06 <0.04 0.01 0.025 0.001 0.07
Top Bal. 6.60 4.10 0.05 <0.04 0.01 0.022 - -
Middle Bal. 6.40 4.00 0.05 <0.04 0.02 0.025 - -
No. 3 140
Bottom Bal. 6.30 4.00 0.05 <0.04 0.01 0.022 - -
Average Bal. 6.40 4.03 0.05 <0.04 0.01 0.023 0.001 0.08
GB/T3620.1-2007 Bal. 5.5-6.8 35-45 030 - 0.08 0.05 0.015 0.20
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Figure 3. Axial direction distribution of Al element of TC4 titanium
alloy ingot
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DU BRI S, WS R PR T, IS, Al TTER AR BN BE TS 2 He eIk
P8 AR PR BB ] X0 o 3 PR A I G 1 S PR AR MR U B B AT B i AL SR AE VW PR P L i it
I ZEX JFURREEAT T, AR XA B, TCA ARG S M IR 5 A2 iR, AR 18 Al TR M R R BN ™
RGN TR IRF TCA e S Mathr Al iR & BRI Ol BRI RIEEAT, IBATA R 1 R e
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3.1.2. V TREEH S S

MR 1 A sE No. 1. No. 2 A1 No. 3 852 F - R AN | 5 oo 3 il IO A 2 e b, 1 V JT
AR L B TN =AU S R A i 2R N 4 B

BT 4 P =2 IR TT DOREL, R R T AR IRIG R TCA kG e MBI, V TR MR
G, PRSI RSESEE b by T =0 B VTR BIBEh R AN, AT UE A V TR AR
MEEE I AT HAR T 2], BAT AT AT LR B

3.2. TCA RAEFRERMUFR AN S

S8R FH R Zd HL T RV IR R 2 5 19 B B55E , IIAE 43 73044 No. 1.No. 2 F1 No. 3#fe 4t 9\ %,
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R EWR/NMIBLR H L.
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Figure 4. Axial direction distribution of V element of TC4 titanium alloy ingot
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Table 2. Radial direction chemical composition of TC4 titanium alloy ingot after EBCHM

T 2. BTFRLKREE TCA KA @ BB EILER S

- sampling Edge w/% 1/2R wi% Center w/%
position Al Vv N Al Vv N Al v N
Top 6.30 4.00 0.021 6.30 4.00 0.021 6.20 4.10 0.020
No. 1 Bottom 5.30 4.00 0.020 5.40 4.00 0.020 5.40 4.00 0.020
Average 5.80 4.00 0.021 5.85 4.00 0.021 5.85 4.10 0.020
Top 6.50 4.10 0.025 6.50 4.10 0.024 6.40 4.20 0.024
No. 2 Bottom 5.70 4.10 0.023 5.80 4.10 0.022 5.80 4.20 0.023
Average 6.10 4.10 0.024 6.15 4.10 0.023 6.10 4.20 0.024
Top 6.40 4.10 0.022 6.50 4.10 0.022 6.40 4.20 0.021
No. 3 Bottom 6.30 4.00 0.022 6.30 4.00 0.021 6.30 4.00 0.021
Average 6.35 4.05 0.022 6.40 4.05 0.022 6.35 4.10 0.021
GB/T3620.1-2007 5.5-6.8 3.5-4.5 0.05 5.5-6.8 3.5-4.5 0.05 5.5-6.8 3.5-45 0.05
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Figure 5. Radial direction distribution of Al element of TC4 titanium alloy ingot
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Figure 6. Radial direction distribution of V & N elements of TC4 titanium alloy
ingot
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