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Fig. 1 Schematic diagram of dynamic spreading of liquid

solder
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Fig. 2
ultrasonic-assisted spreading: 1 — Operating panel ; 2 —

Schematic diagram of experimental device of

Processor; 3—Display; 4—Bracket; 5—Ultrasonic equipment;
6—Cantilever; 7—Light source; 8—Heating units; 9—
Ultra-high-speed CCD camera
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Fig.3 Schematic diagram of meshing results
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Fig. 4 Model of fluid area of solder droplet
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Fig. 5 Spreading morphology of solder droplets on quartz glass surface with 4 pm amplitude at different time: (a) 0 ms; (b) 40 ms;

(c) 80 ms; (d) 120 ms; (e) 200 ms; (f) 280 ms; (g) 360 ms; (h) 440 ms
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Fig. 6 Spreading morphology of solder droplets on quartz glass surface with 6 pm amplitude at different time: (a) 0 ms; (b) 40 ms;

(c) 80 ms; (d) 120 ms; (e) 160 ms; (f) 240 ms; (g) 320 ms; (h) 400 ms
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Fig. 7 Spreading morphologies of solder droplets on quartz glass surface with 8 um amplitude at different time: (a) 0 ms; (b) 20 ms;

(c) 50 ms; (d) 80 ms; (e) 160 ms; (f) 210 ms; (g) 260 ms; (h) 320 ms
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Fig. 8 Statistics diagram of solder droplets spreading area

under different ultrasonic amplitudes
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Fig. 9 Internal pressure of solder droplets without ultrasound at different time: (a) 2 ms; (b) 4 ms; (c) 6 ms; (d) 8 ms; (e) 10 ms; (f)

12 ms
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Fig. 10 Internal pressure of solder droplets with 4 pm amplitude within one ultrasound cycle at different time: (a) 50 us; (b) 60 ps;
(c) 70 ps; (d) 80 ps; (e) 90 ps; () 100 ps
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Fig. 11 Internal pressure of solder droplets with 6 pm amplitude within one ultrasound cycle at different time: (a) 50 ps; (b) 60 ps;

(c) 70 ps; (d) 80 ps; (e) 90 ps; () 100 ps
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Fig. 12 Internal pressure of liquid solder with 8 um amplitude within one ultrasound cycle at different time: (a) 50 ps; (b) 60 us; (c)

70 ps; (d) 80 ps; () 90 ps; (f) 100 ps
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Fig. 13  Schematic diagram of infinitesimal position at

gas-liquid interface of solder droplets
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Table 1 Function of ultrasonic additional pressure at different

positions of solder droplets during 1.5-1.65 ms

Infinitesimal =, o popa M2 s
point No.
P, —-128.63 1.17X10° 20000 2.470X107
P, —217.22  1.60X10° 20000 2.471X107
P; —421.03 2.28X10° 20000 2.468X107
P, —733.39  3.14X10° 20000 2.460X107

2 P58 1.5~1.65 ms I (0] A AN EIHRIE N EFRRE
TPTC R P A I TSRS B P K5 TRIRE Py
fH. MR 2 FATBUE AT EREGRMOT R Pyt P J Py
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P BUETRHGR A A  Je AAR A S5 A o
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P J Pyfl

Table 2 P_ and P, of infinitesimal 4 within solder droplets at
different amplitudes during 1.5—1.65 ms

Ultrasonic Parameter
amplitudes/um P./Pa P./Pa
4 —218.49 2.09%X10°
6 —733.39 3.14X10°
8 -1554.97 4.18%10°
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3 Z5ip

1) XA BRI F) Sn-9Zn FFRNAT Hl
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ARG R, BAIRIEN 6 pm I &8 R AN 0.242
em’, FEFEYRIEA 8 um B F 240 AN 0.395 cm®s
A HRIE R T 8 pm B, EPRFRR H I B SIS .
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L P N W) 1 s R Y T =12 SO 5 N ) o 1
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3) Sn-9Zn FFRHA I 75 S 33 3 3 1HI A e 1) 3
UXZ R TR AR, R K RS B S R
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Effect of ultrasonic amplitude on dynamic spread behavior of
solder droplets on quartz glass surface

MA Zhi-peng" %, YU Hai-yang', XU Zhi-wu?, YUAN Yue', CUI Wei', YAN Jiu-chun?

(1. Northeast Petroleum University, Department of Materials Science and Engineering, Daqing 163318, China;
2. Harbin Institute of Technology, State Key Laboratory of Advanced Welding and Joining, Harbin 150001, China)

Abstract: The dynamic spreading behavior of Sn-9Zn eutectic solder droplets was investigated on the surface of quartz
glass using ultrasonic waves with different amplitudes. The two-dimensional flow-solid coupling model of quartz
glass/solder droplets was constructed using ANSYS ICEM CFD software and the numerical simulations were performed
on Fluent 2D solver to analyse the influence of the internal pressure of the solder droplets at different ultrasonic
amplitudes. The results show that when the ultrasonic amplitude is 4 pm, the final spreading area of the solder droplet is
0.193 cm®. With an increase in the ultrasonic amplitude, the final spreading area of the droplets increases. When the
ultrasonic amplitudes are 6 and 8 pm, the final spreading areas of the solder droplets are 0.242 and 0.395 cm?,
respectively. When the ultrasonic amplitude is constant, the spreading rate of the solder droplets decreases gradually with
time, whereas with an increase in the ultrasonic amplitude, their spreading rate increases. When no ultrasonic is applied,
the pressure on the position of each solder droplet is positive and is less than 400 Pa. After the application of ultrasonic,
the internal pressure of the solder droplets becomes periodic, alternating between positive and negative. And with an
increase in the ultrasonic amplitude, the absolute value of the internal pressure of the solder droplets increases
significantly. When the ultrasonic amplitude is 4 um, the absolute value of the internal pressure of the solder droplets is
about 700 kPa, and at 8 um in ultrasonic amplitude, the absolute value of their internal pressure can reach 1400 kPa.
There is a sine-like variation in pressure at each point of the solder droplets, and the sound pressure offset gradually
increases from the top down, reaching a maximum at the droplets’ lower edge. Since the solder droplets are subjected to
pressures with sine-like variations and different offsets, the droplets flow along the direction of the offset gradient, which
causes them to spread in such a way that, finally, the appearance and morphology of the solder droplets change
significantly.

Key words: ultrasonic; quartz glass; solder droplet; spreading
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