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Effect of Laser Beam Displacement on Characteristics of Laser
Welded Ti.AINb/TC4 Dissimilar Alloy
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Abstract In view of the high porosity susceptibility in laser welded Ti,AINb/TC4 dissimilar alloy, different beam
displacements are applied in laser welding of Ti—22A1-27Nb and Ti—-6A1-4V alloy. The results show that porosity
can be successfully suppressed when laser beam acts on Ti—22A1-27Nb alloy. The fusion zones consist of B2 and
B2+ a' when the beam acts on Ti—22A1-27N band Ti—6A1-4V alloy, respectively. The heat affected zone (HAZ) of
Ti—-22A1-27NDb is entirely composed of B2. A mixture of acicular «' and primary « are formed in the HAZ of Ti-
6A1-4V alloy. Due to the second phase strengthening of acicular «’ in the fusion zone when laser acts on Ti-6Al-
4V alloy, the welded joint exhibits higher tensile strength and ductility compared with those produced when the
beam acts on Ti—22A1-27Nb alloy or at the middle of two base metals.

Key words laser technique; Ti.AINDb alloy; TC4 alloy; laser welding; beam displacement; microstructure; tensile
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Fig.1 Microstructure of base metals. (a) Ti-22A1-27Nb alloy; (b) Ti-6A1-4V alloy
1 B ) (5T 535, %)

Table 1 Chemical composition of base metals (mass fraction, %)

Elements
Alloys
Ti Al Nb \Y 0 N H
Ti-22A1-27Nb 41.65 9.64 44.18 4.42 <0.08 <0.02 <0.01
Ti-6A1-4V 84.63 7.14 2.48 5.75 - - -

R R RSE 0 150 mmx25 mmx 1 mm, K2 HT 8 4% 28 55 Kroll i 71 (/& FL 43 %4, 3% HF+37% HNO;+60%
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Fig.2 Schematic of welding process Fig.3 Schematic of laser beam acting position
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Fig.4 Dimensions of tensile test specimen

3 R EE R 50
3.1 R EXIFLERF B

5k Ti,AIND/TC4 5 Al Bk & 4 OGS IR 48 R SOY o JR4E RN AR (A @, UL KR 4k i 15 3 1T 404
B LR AP [ B 3R T T O i - B Wil REL URIE G R AR IE SE G o D SRR A W A AH L ARl 6
FIF 7%, 6 R AR 1) TC4 — O F16 38 b B (8 TLAIND/TC4 3806 45, 48 4% vh 77 7F — 2 B0 10 <AL, D% 3 17
Ti, AINb — il iif | 45 4% Th A SALERBG o o 13— 20 0 i SALTE BURRAE , 54T T TC4 X 242 3k Fl Ti, AIND X 4
Bz 3 [ Fp b B O IR B2 22 A A AN 7 BT R o IR Kk BRAE TCA X AR ) SR Ak i AR B 2 i AL B
M T AIND X 322 48 4% vh B0 30 SFL , 3 36 W TLAIND/TC4 O R B R FL T e £ 8 5 TC4 & 4 1
RHRIERREA G, 2 T BAR R H kA Fr il — P IR A

it

€5 JREERTINIL . (a) SREEIETH; (b) 24T T
Fig.5 Bead appearance of welded joint. (a) Front bead; (b) back bead
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Fig.6 Effect of laser beam displacement on porosity of welded joint. (a) Beam acting on TC4 alloy; (b) beam acting at middle of two

base metals; (c) beam acting on Ti,AINb alloy
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Fig.7 Cross—section profile of butt welded joint of (a) TC4 and (b)Ti,AINb alloy
Ti AINb FOGHJE o i 7R 06 G G BT8R 0 B3 3 v M5 it 285 & ol WD Sl A R At i o o 2 B 1
R, T AE AR PO 25 T SRRl o EROAR AT A 0 BT T 4 R AT D B W R A 4, T B B R
[ 75 25 Ti, AIND , 1 4% 20 21 0] B2 Ry 51— 119 B2/BAH o 1115 O 3 i 7] TC4 B AH 2H 20 5 11 W6 35 A W 0 i AN Tl A5 4 v
e R o ML, AN 8(d) T s o 3K 2 PR G o B T TC4 — B, 55 8 £ %% B2 i IO (8 45 TC4 B b s 4%
b, B IR 2 XS 4 TLAIND BEM ISR 35 2 BHIAR 2 JC 3R Nb 1Y & i 841K, FE B 5 i 20k B v, SEBR 2 2
TR T b 0 A PRV 005 B, BAH >R AN BB A8 1okl T 2 7 A8 BT IR 9 S [ AR o £

B8 IRAEH UG M. (a) JCHUIR TiAIND f; (b) JCHUE s (c) JEHUIR TCA M (d) A M TCA I EEEE T FHR e #HZ4Z]
Fig.8 Microstructure of weld. (a) Beam acting on Ti,AIND alloy; (b) beam acting at middle of two base metals;

(c) beam acting on TC4 alloy; (d) acicular &’ in the fusion zone when laser beam acts on TC4 alloy
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Fig.9 XRD pattern of the Ti,AINb/TC4 weld. (a) Beam acting on Ti,AINb alloy: (b) beam acting at middle of two base metals
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Fig.10 TEM of weld microstructure. (a) Microstructure of weld when beam acts at middle of two base metals; (b) diffraction pattern of

B2 phase when beam acts at middle of two base metals; (¢) microstructure of weld when beam acts on TC4 alloy; (d) diffraction pattern

of B2 phase when beam acts on TC4 alloy; (e) diffraction pattern of @’ phase when beam acts on TC4 alloy
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Fig.11 Microstructure of HAZ of Ti,AIND alloy. (a) Optical micrograph of HAZ; (b) SEM micrograph of HAZ
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Fig.12 Microstructure of HAZ of TC4 alloy. (a) HAZ at low magnification; (b) microstructure of HAZ; (c) acicular & at high magnification
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Table 2 Tensile properties of Ti,AINb/TC4 butt welded joint at room temperature

Tensile strength /MPa Elongation /% Fracture position
Act on TC4 side 1001 8.73 FZ
Act on TLAIND side 938 4.82 | V4
In the middle 951 5.43 | V4
TC4 base metal 1017 12.08 -
Ti,AINb base metal 1154 7.67 -
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Fig.13 SEM image of joint after tensile test at room temperature. (a) Beam acting on Ti2AINbD alloy;
(b) beam acting at middle of two base metals; (¢) beam acting on TC4 alloy
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