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Abstract: Under the 4th Industrial Revolution, implementation of Smart Factory in the field of surface mounting is an
emerging issue. In the field of surface mounting, many researches are going on in line with these changes. Among them,
we analyzed the method of optimizing the solder printing process which is a core process and the influence of the external
factors affecting the printing efficiency. In this analysis, the Big Data provided by the SPI Machine was used to approach
the statistical method, and the possibility of predicting the result through simulation with reliable results was confirmed.
I hope this study contributes a little to the Smart Factory implementation.

Keywords: surface mount technology(SMT), solder paste inspector(SPI), solder printing condition, external factor,
response surface model(RSM)
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Table 1. Selection of testing factors

Modifiability under the

Factors .
manufacturing

Variable settings

Squeegee angle Impossible Fixed (45°)
Mask thickness Impossible Fixed (100 um)
Printing speed Possible
Downward distance Possible

. See Table 2 below
Free path Possible
Separation speed Possible
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Table 2. Range of solder printing factors

Factors Range
Min. Max.
Separation speed 0.3 1
Downward distance Fixed value
Printing speed 40 140
Free path 20 60
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Fig. 1. Effect of printing conditions on printing efficiency.
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Table 3. Printing efficiency with variable factors

Run  Printing speed Free path Separation speed Solder
Order (mm/sec) (mm) (mm/sec) (%)
1 40 20 0.3 86.52
2 140 20 0.3 78.88
3 40 60 0.3 87.53
4 140 60 0.3 83.93
5 40 20 1 85.63
6 140 20 1 85.61
7 40 60 1 79.33
8 140 60 1 83.25
9 5.91 40 0.65 90.01
10 174.09 40 0.65 91.88
11 90 6.3641 0.65 82.52
12 90 73.6359 0.65 84.18
13 90 40 0.06137 82.46
14 90 40 1.23863 80.80
15 90 40 0.65 88.64
16 90 40 0.65 86.83
17 90 40 0.65 85.32
18 90 40 0.65 88.69
19 90 40 0.65 87.13
20 90 40 0.65 86.43

Separation speed

Downward distance

solder (%)

F
ree Path (mm)

solder (%)

(b) Seperation speed vs Printing speed

golder (%)

(c) Seperation speed vs Free path

Fig. 2. Printing efficiency with the variable factors
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Fig. 3. Printing efficience based on the size of solder powder.
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Table 4. Changes in viscosity and Printing efficience

Time (hr) 0 2 5 7

Viscosity (kg/m-s) 166.8 1754  197.1 232
Rate of change (%) - 52%  182%  39.1%
Printing efficiency (%) 101.11  97.98  98.28 99.78
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Fig. 4. Printing efficience based on the type of electronic circuit.
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