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Abstract The bonding of glass and titanium alloy is widely applied in roof, curtain wall, windows due to its
excellent performance such as high strength, light weight and corrosion resistance. An experimental study of
welding of dissimilar materials between transparent architectural glass and titanium alloy (TC4) using a pulsed
mode 300 W Nd:YAG laser is reported. The process is achieved when the joint is irradiated from the glass side.
The test of breaking strength is conducted by universal tensile test machine. The fracture morphology on glass
side and microstructure of weldment are analyzed using scanning electron microscopy. The influence of
process parameters (power, pulse duration, pulse repetition rate, defocus distance) on weld seam formability,
breaking strength and fracture morphology are studied. The results indicate that a good glass—to—TC4 joint can
be obtained using millisecond pulsed laser. The maximum breaking strength of the weldment is 140.76 N. The
mixed structure of glass and TC4 at the interface plays an important role in connecting the two materials, and
adhesion particles play a subsidiary role.
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Fig.1 Photos of glass—to—TC4 joining with laser. (a) Schematic diagram; (b) real product

0403003-2



S I S
20 Hz, B B4 -2~+2 mm). FJHT7 GBS AR50 AL I B8R 5 4 5 BURS AR A R8T 7, 1T S-4700 %% 37 % 5 4 48
HEL 5 L A TR R B 3 000 T 1 SROULIES B, T RE A 3 BT (EDS)EAT o8 R AL AL 737 o

3 SLEe s R N b
3.1 TZSHXIEEHRE RSN

P2 45 1 O[] R 28 Xt B A 52 i B A [T 2.(a) oA T S5 X6 R BT 7 B4 5 1 (=10 Hz, h=0 mm), Fy & ] AL
L W 3 i g 5 04 18 58 T v S AR, S IR S R R AR S AR . S K SE S 0.5 ms B ) #E A 105 WG
115 W Hi7 1Br 71 M 24.66 N 4 2 54.72 N, 24 ) R4 & 120 W iU [0 34.02 No i K56 N 2.5 ms IR 115 W
HEZ 120 W B HL BT ) 4k TH R, DA 62.10 N 1S 32 92.52 N, ) 544 &8 125 W B B h 48.96 N

] 2(b) A ik 9 5 7 8 3 1) 56 22 # Zk (/=10 Hz, h=0 mm), AT L4 7 77 B ok 5 1 384 fin AR 22 1 T ke #4, >y
2R k105 W BT, ik 58 M\ 0.5 ms 38 2 3.5 ms, XF I A9 FLWT J7 ) 24.66 N3 % 52.74 N {H 5 2% 120 W fik 56 M
2.5 ms 3 % 3.5 ms R T3 A7 BT AR, G AF B B8 €t B4 IR 2. b B IRL K B 5 R e M R 1 T R 0
S, 2 DK S HG 0, Bk b RE f L BE 2 G0, AE — o S N AR RS TR ARG Yk B — 2 A
Jei . AT g 2 PR ) B2 RO A Rk 2 ol — 2 45 40, R Ot Jok 9 A ‘et o

& 2(c) R 7R T 0 2 5 05 32 F R ) 22 1) Y 56 2R (P=120 W, h=0 mm), A] UL 56 55 2 i) 38 bz e F7 S 18 K
/N, A0 22 K TE A 1.5 ms BF L 85 R N 5 Hz 3 % 20 Hz, $7W7 T3 78 15 Hz B 30 T % K 133.38 N, 1fii 5 Hz Al
20 Hz B 43 511 2 32.40 N (41.58 N, PR A1 6 KA a8 K = #0A8 FIl F 30 38 S5 5K & & AR 32 .

P 2(d)it R T 7 B 7 B s 0 AR AR LA (P=120 W, /=10 Hz), i R AT I 24 85 45 - -2 mm T 2 0 mm -7
Z+2 mm I, LW S BURA 0 T, A2 Bk TR 2.5 ms B, BE R B AR R AR KT S L 34.02 N3 & 92,52 N
A2 127.80 N, fEEE T B8 P=120 W,T=1.5 ms,f=10 Hz,h=+2 mm I, $i 7 /135 F) % K15 140.76 N,

140+ @ —=-25ms 140r(b) = 120W
Z 190} —+ 05ms Z120f —110W
£ = v 105 W
2100 100}
(] L
7 80 2 gol
o0 °p
2 60 2 ol
8 3|
A 400 ) & a0l
20r . . ' ' L 20_ Y‘”ff.*iiii.{ . ) J \
106 110 115 120 125 05 1.0 15 20 25 30 35
Power /W Pulse duration /ms
B[G ohms 180 ~=25ms
E160- e 15ms 160} e 15ms
_éo140- ., ~05ms §140- ~+05ms
g120r 1201 -
£100} [ 100}
g 80f ® 80
S 60} 2 60} p
& 40t gaof il
20} 2f
gla®® o & w4 g 4 e — . .
4 6 8 10 12 14 16 18 20 22 2 -1 0 1 2 3
Frequency /Hz Defocus distance /mm

Fl 2 T ESHOTRIN I 520 . (a) P55 (b) BKTE; (o) M3 (d) B At
Fig.2 Influence of process parameters on breaking strength. (a) Power; (b) pulse duration; (c) pulse repetition rate; (d) defocus distance
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Fig.3 Photos of welding seam under different frequencies (120 W, 1.5 ms, 0 mm). (a) 5 Hz; (b) 10 Hz; (c) 15 Hz; (d) 20 Hz
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Fig.4 EDS analysis of adhesion particles. (a) SEM image; (b) EDS analysis
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Fig.5 Photos of welding seam under different defocus distances (P=120 W, 7=2.5 ms, /=10 Hz). (a), (b) =2 mm; (c),(d) 0 mm; (e),(f) +2 mm
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Fig.6 Influence of pulse duration and power on welding seam width. (a) Pulse duration (120 W, 10 Hz, 0 mm);
(b) power (2.5 ms, 10 Hz, 0 mm)
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Fig.7 Influence of process parameters on microstructure of glass fracture. (a) 105 W, 0.5 ms, 0 mm; (b) 120 W, 2.5 ms, 0 mm;

(c) 120 W, 2.5 ms, =2 mm; (d) 120 W, 2.5 ms, +2 mm
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Fig.8 SEM cross section photos of weldment. (a) Macrograph; (b) morphology of special area at high magnification
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