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Abstract The temperature of the molten pool is one of the most important parameters in the process of metal
forming based on selective laser melting. To ensure the closed-loop control of molten pool temperature, this study
implementes an online detection of molten pool temperature based on the colorimetric temperature measurement
method and photoelectricity technology. It proposed a type of composite operational amplifier that successfully
detected the molten pool radiation signal with small amplitude and fast change. An embedded system was built to
upload the radiation data of the molten pool to the industrial computer of metal forming equipment. A method of
colorimetric temperature measurement was employed to eliminate the effects of the laser incident angle and other
agents on the detection of radiation intensity, and furthermore, to obtain the temperature of the molten pool.
During the process of melting 90 % Cu-10% Sn alloy powder, it is found that the band with the strongest radiation in
the molten pool of the material is 580-590 nm within the spectral range of 540-660 nm. Under the laser power
range of 40-200 W, the estimated molten pool temperature range is 700—1700 ‘C. The online detection of molten
pool temperature during metal forming based on selective laser melting provides feedback information of molten pool
temperature for the control system of metal forming equipment. Furthermore, the proposed approach of online
detection also can be considered as a reference to upgrade the equipment.
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P 2 v A2 SR B IS s AT R i B s 8
A2 S R3VRLVA C4 4 AR 70 L B PR 5 B A (S
Y BT TR RS R AL R AR
S TR B ) i AR T AR S B R R
A C2 MG BB i AL, JF B SEMRHF (938 i Al
LS VIR P T S A U N I @ U I S AR S

BAES . EA OB 5] AP 8
TR 8, T HE R2 VR4 A AL PHAE 2 C1.C3 L2
T e B I 0 SRR A5 A A i L B AR E B AT

TE ' ARSI A R D, 2 T S1223 Sl Tk
B OPA377 X5 %32 UM OPA356 1 iz i, 18 i
I G R GE T BS A S AT IS 5 T B SRR

0302008-4



th i

i ot

SR TR R AR T AR O DL RO S kA Y
PR MR IO o ' ARG P A2 45 T R R B AR i b
T SLM < J 805 i vy by 26 b JE Bk I L 4 4

o
<
E
2
s
2
2
E
o
=
:
2

K3 St Al PCB LA,

o S LA Al ST S B B A 0 A 1t e S T
SE A [, ' LRG0 R S F) IO R R 8 Al (PCB) 52 4
K 3 frs .

(a) IE 1A 5 (b) J 1A

Fig. 3 Pictures of photoelectricity PCB. (a) Front; (b) back

5 LSR5

it e FL A 0 R S 1) Bl 2 R A AL I R
He 1t T R A A I AR G 0 SR AR O K . vk R AL

(a) = = optlcal system
BFre

mm

processmg room

console

ws 051 1L

B4 SRR S .

B e BB A IR A |l A AT 0F & 19 Trl150 A SLM
4 B BRI A S TREHL ., SEF A Sy R an
Kl 4 s, o B 4 i &L, 1B 4(b) TR 2
Rl R 4

bedded syster
th photoelectric
detection circuit

=

3

(a) SLM 4 J SRS A AL 5 (b) 22 26 1) 475 1t 1L B 7 A D 3% 46

Fig. 4 Pictures of experimental platform. (a) SLM metal forming equipment;

(b) installed online detection system of molten pool temperature
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Table 2 Radiation detection result of 90 % Cu-10% Sn powder

molten pool at laser power of 100 W
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Table 3 Measured voltage signal and molten pool

temperature at different laser power
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Fig. 7 Detection results of 90% Cu-10% Sn powder molten pool temperature at different laser power.

(a) Bar of photoelectric voltage with laser power; (b) graph of molten pool temperature with laser power
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