B2 ol

w6 & R
LASER TECHNOLOGY

Vol. 42 ,No. 6
2018 4 11 H

5l

XEHE: 1001-3806(2018)06-0745-06

ETH & CCD WyB I8 B ISt iR B AT 2 5 B 5

PR AEE T E BLEXE K OB
(LRI HLHL TR, TR 21502152, P2 383 K2y UK ARt , P4 710049)

BE: T RFFEOUR B TR A il BE A AR RS2 , SR BE i 5 be (- FR 3-8y ( PID ) 42 i SRS AR 45 & (9 7
TRSEIT Mt T R 1 P B ] T — IR T ORGE IR A5 CCD OGS B U A R AR R IR R G R GTR &
MABIFE RBCK P S T RIZ HAES K SR NOC AR HES TR B 13 A5 5T Sock et {55230 TR ETE
THA S PR AT fe Z W55 12id, Bt 7R TR0 AR IR il AR 300k o SRR b 7 SERE SN ERf M
I T e b BE RS REAE 3% LA s ¥59% R G T B [t f7 SR AR U S v, BB 1 Ay Mo sk BOL I B U 3
T R A SRR, 5 JCHE AP R 3 5 THURR M2 ASUAH 22 0. 9mm , BB 145 AL B A U2 e 1 LR BUR I 5] 0 a4 il 7
FERA TELS JRAS B AT 5 O A

KR WOCHOA 5 A 1 il 5 PR PR

hE S TN247 XakbRER: A doi;10. 7510/jgjs. issn. 1311i 3806. 2018. 06. 004

Research of close-loop control of molien: pool temperature
during laser cladding process po<ed on color CCD

SUN Huajie' , SHI Shihong' , SHI 70  FU Geyan', CHEN Lei'
(1. School of Mechanical and Electric Engineering, Soochcw T 1. ersity, Suzhou 215021, China; 2. School of Mechanical Engi-
neering, Xi’ an Jiaotong University, Xi’an 710049, Ch'na)

Abstract: In order to maintain the molten pool temperature relatively stable in laser cladding process, close-loop control of
molten pool temperature was realized by the combination of colorimetric temperature measurement and proportional-integral-
differential (PID) control strategy. A set of ¢n-Lu~ measurement and control system for molten pool temperature of laser cladding
based on dual-channel color CCD wv<s lwilt. Emissivity & was incorporated into the undetermined coefficient K, and the
corresponding relationship betweer. gre 7 r=ar and K was established, and the calculating formula for the temperature of the molten
pool was derived. Based on 5ocle. communication, the signal transmission between industrial personal computer and robot
controller was realized, ari the <igcrithm of temperature controller based on laser power variation was designed. The experimental
results show that, the svste.> ~=1 measure and control the temperature of molten pool in real time and accurately, the control
accuracy within 3% . The svctem is applied to thin-walled cylinder stacking forming experiment, which can effectively eliminate
the temperature ¢ cmwlation effect during laser cladding forming process. The difference between the outer diameter of the
bottom and top part f the forming part is only 0. 9mm. The control scheme has the advantages of good real-time performance, low
cost and easy integration.
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Fig. 1 Principle of hollow-laser beam inside powder feeding
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Fig.2 Setup of system hardware
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Fig.5 Digital image processing of molten pool

a—origin image
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b—grayscale c—mean filter ~d—threshold segmentation
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Fig. 6 Relationship between molten pool temperature and laser power
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Table 2 Statistical results based on Fig. 6

laser power/W T,/C A T/ C d1/°C
400 1221.9 1562.3 858.1 704.2
600 1358. 1 1747.9 1093.2 654.7
800 1531.6 1836.4 958.3 878.1
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Fig.7 Comparison of the formed parts
a—the formed part without temperature control ~b—the formed part with

temperature control
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Fig. 8 Relationship between average molten pool temperature, laser power
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