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Model predictive control study of laser soft brazing process temperature

WU Wei-min, Hong Pei-qing, CHEN Zhi-hua™
(Institute of Computing Science and Technology, Guangzhou University, Guangzhou 510006, China)

Abstract; In laser soldering, the Precise control of the temperature of the weld joint is critical to the
quality of the weld. Existing soldering temperature control for laser soft brazing is realized based on
Proportional-Integral-Differential ( PID) control. The traditional PID control method cannot effectively
deal with the problem of brazing material specific heat capacity and laser absorption rate changing with
temperature due to its fixed parameters. In the process of using the traditional PID to control the tem-
perature, the response speed and control accuracy of the system are reduced, the error value between
the actual output temperature and the target temperature is large, and the output power fluctuation is
also large. For this reason, this paper proposes a temperature control method based on Model-Predic-
tive Control (MPC) , which can dynamically adjust the control parameters and reduce the hysteresis or
overshoot of PID when facing temperature changes by predicting the future temperature changes using
a process model. Experimental results show that the MPC method significantly improves the tempera-
ture control accuracy of the solder joints, with a temperature error variance value of 32% of that of
PID control and a maximum absolute error of 67% of that of PID control. These improvements effec-
tively enhance the wettability and fluidity of the brazing material, improve the uniformity and solder
quality of the solder joints, and significantly enhance the yield of laser soft brazing.
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Fig.1 Schematic diagram of laser soft brazing
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Table 1 Parameters involved in the model

S5 55 A
JCEBE 1A A m’
H A c Jo(kg-K)™!
R T K
ByE m kg
T &S a
AR h W (m®-K)!
Bt P w

HRAIE R Sy PE o A, E AR T 20, T R
PSR e ol SV Rl
me(T, - T)) + J(Tt - T,) * hAdt = fp*adt,

(1)
Hop T, B BR B , Ty RS, 45 5040 i 5
— BB R B RSO A B BON BESE IR 4 1Y
et , S5 320 1050 B 40 o B R i LA B A
R, S5 I IR O B A
BWOCHCET IR I F b o s 1R A S 88 1)
BRI OB RE B O O, oAt A2, 45 Y 5 2
(2):

me(T, - T,,) +j(T, ~T,) «hAdt = 0, (2)

Soofr T,y SRR I 0B 6, BV 4
T BE B R AL
1.2 S¥HA

AR IR RO AR 6 % T
MM 56 O 5 00 8 B 5 T 4
PR B SR AL, SO B 8
MO T = 60 W, % SHICB I K 980 +
10 nm, WA 2 iR,

B2 OCHET R B

Fig.2 Laser brazing equipment

TERRL (1), Bt m ARSI A GBOL IR
P ARSI T L RERS I 8 ul o Pl 1 i,
SRR BB RIREY, & A BRI B,
LU R 2% , HAHOG B CR | L A TR
FAROERGR A Ao Gl 1 IF IR SR B, ml LA
B X SE S HH SR BE A A AL

XI5 RE (L) AT, B PR

C th _ o
mh dt +A<Tt_TO> _P* ho (3)
X7 RE(2) BEATROY , BEBRAT -
dT, p _
m-t AT, = T) =0, (4)

HFEFEPERH o/h b/ 3% B S 5baR E AE
P MU R R] A5 RO AT SR AR A SRR
TSR A ST, L AN I 38 A% S 0 s
FCHIN 38 BE Rl , 417 210 05 (4) i n] RIS 31 /e
FINREE T, iR EOCR AN 3 (a) IR . SR )5 2 1E
DRSS, 30 18 S ) S B0 T )t
R, REDRE(3) , 5 B R P BRI /e,
P38 a/h FHRBE T, BIPRESE R, ANE 3(b) FrzR o



90 JUINREE S CH AR AR

23 %

50 100 150 200

{iiLJiE/C
() P /el 2
5 X 10°
4
3 k
3
2
1
0 L L L
50 100 150 200
i C
(0) VAR Mo hith 2

K3 SRl A R B
Fig.3 Parameter variation with temperature graphs
o/h Fl h/c SRBER S R BHRER, I3k 2 e
Ro
T2 SEIHHAER

Table 2 Welding experiment parameters
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Fig.6 Target temperature profile chart
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Fig.7 Temperature control method flow chart
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