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Abstract: Laser metal-wire additive manufacturing technology is an integrated manufacturing technology with
high forming accuracy and small machining allowance. However, due to its non-equilibrium solidification,
complex heat, mass transfer and other physical phenomena, the cooling rate is difficult to be monitored by

conventional means. To solve this problem, a monitoring algorithm for monitoring molten pool temperature and
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real-time cooling rate using infrared thermography was proposed. The algorithm used FLIR x6520sc infrared
thermal imager to capture the temperature field signal in the process of additive manufacturing in real time,
obtained the real-time cooling rate of each point of the cladding channel by locating the position of the molten
pool, and realized the real-time monitoring of the cooling rate of the cladding channel in the whole process. On
this basis, the effects of different process parameters on molten pool temperature and cooling rate were studied.
Finally, the effects of different cooling rates on solidification structure were discussed. The results show that
when other process parameters remain unchanged, the scanning speed increases from 60 mm/min to 300 mm/min,
and the molten pool temperature decreases by 339 °C, but the cooling rate increases by 1741 °C/s; Affected by the
decrease in laser power (from 200 W to 100 W), the cooling rate and molten pool temperature are reduced by
264 °C/s and 420 °C respectively; With the increase of wire feeding speed from 120 mm/min to 600 mm/min, the
molten pool temperature and cooling rate decrease by 195 °C and 224 °C/s respectively; In addition, with the
increase of cooling rate, the solidification structure of cladding channel is significantly refined after rapid

solidification. The scanning speed is the most important factor affecting the cooling rate, which provides a basis

for the later study of the closed-loop control system.
Key words: additive manufacturing;

temperature;  cooling rate
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Tab.1 Related parameters of two-color pyrometer

Detector Indium potassium arsenic detectorx2

Passageway 1: 1.45-1.65

Spectral range/um Passageway 2: 1.65-1.8

Measuring range/°C 600-2 500
Measurement accuracy/°C <2500
Response time/ms <1
Exposure time/ms <0.5
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Fig.3 Schematic diagram of emissivity calibration experiment

[F) Bsf ¢ 2T A AR ASCRT A e e R T 4 3 . X IR
T 45 S AH X R 1A, 8 2 SO LT AN AL K
SR RUEAT . a3 2 R, &SR 0.1 B},
WU, I BB R AUR SeiR 5 PR AR R
ARG AE E

R2 FRAXHETRER

Tab.2 Deviation rate under different emissivities

Serial number Emissivity Deviation rate
1 0.08 5.8%
2 0.09 5.6%
3 0.1 4.1%
4 0.11 6.2%
5 0.12 7.3%
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Fig.5 Schematic diagram of cooling rate calculation
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Tab.3 Process parameters at different scanning speeds

Numbe por SRESIORd gy Wi oding e
PIW ¥ ratio /
Al 175 60 1:2 120
A2 175 120 1:2 240
A3 175 180 1:2 360
A4 175 240 1:2 480
A5 175 300 1:2 600
x4 FAEFEXHETIZSH
Tab.4 Process parameters under different laser
powers
Number power SISO g, Wi eding e
P/W ; ratio k
Bl 200 60 1:2 120
B2 175 60 1:2 120
B3 150 60 1:2 120
B4 125 60 1:2 120
BS 100 60 1:2 120
RS5 FRIXLEETIZSH
Tab.5 Process parameters under different wire
feeding speeds
Number ;:;er SIc/a/nning spefd f;:ﬁirzg Wire feeding sPleed
W /mm-min atio V/mm-min
Cl 125 120 1:1 120
C2 125 120 1:2 240
C3 125 120 1:3 360
C4 125 120 1:4 480
C5 125 120 1:5 600
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Fig.7 Molten pool temperature at different scanning speeds
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Fig.8 Cooling rate at different scanning speeds
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Tab.6 Average cooling rate and average molten pool

temperature of sample A

Average cooling Average molten pool

Number

rate/°C- s temperature/°C
Al 648 1821
A2 1131 1730
A3 1517 1637
A4 1927 1566
A5 2389 1482
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Fig.9 Molten pool temperature at different laser powers
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Tab.7 Average cooling rate and average molten pool

temperature of sample B

Average cooling Average molten pool

Number rate/°Cs™’ temperature/°C
BI 698 1930
B2 642 1821
B3 565 1720
B4 498 1640
BS 434 1510
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Tab.8 Average cooling rate and average molten pool

temperature of sample C

Average cooling Average molten pool

Number
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Fig.11 Molten pool temperature under different wire feeding speeds
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Fig.12 Cooling rate at different wire feeding speeds
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Fig.13 Change of solidification structure with cooling rate
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