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Study on real-time monitoring system of molten pool

width during laser engineered net shaping

YANG Qi, TIAN Hu-cheng, YAN Zhao-hua, YUAN Zi-jun,CHEN Xiang-dong
(Institute of Intelligent Manufacturing Technology , Hefei University of Technology, Hefei 230009, China)

Abstract : In the process of laser engineered net shaping,in order to quickly and efficiently to obtain the information of

molten pool and control it, this paper designs a CCD coaxial camera system for dual color images of the molten pool , it

can accurately obtain the image information of molten pool. The computer uses the minimum bounding rectangle image

processing method to obtain the molten pool width quickly and efficiently, and controlled by PID controller to adjust

the laser power. The experimental shows that the CCD coaxial camera system based on dual color image and the closed

loop control of molten pool width can effectively solve the problem of edge bulge and uneven width of the thin-walled

workpiece under the reciprocating laser scanning.

Keywords : laser engineered net shaping;dual color image ;minimum bounding rectangle ; width of molten pool; width

control of molten pool
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Fig. 1 Photo and schematic diagram of laser
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engineered net shaping system
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Tab. 1 Chemical composition of Ni35 powder(wt % )

C Cr Si Fe B Ni

0.30 10. 50 3.50 10. 00 2.00 73.70
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Tab.2 The parameters in the prosses of LENS

Experiment Laser power Spot diameter Cladding speed Cladding length Lifting amount

number /W /mm /(mm s~ ") /(mm - layer ') /(mm - layer ™)

1 900 5 2 70 0.5

2 1100 5 2 70 0.5

3 1300 5 2 70 0.5

4 1500 5 2 70 0.5

5 1700 5 2 70 0.5

6 1900 5 2 70 0.5
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Fig. 2 Definition of the length and width of the molten pool
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and size of the molten pool



WOt 5 44 No.9 2019 7R

PG I R Hh e b 58 B2 S i % R GRS

1063

2.3 K BB AR R BRI

N Y R BRI i DX S ) PR A, T AT i X
R R v AT 4R 4. iR K T 3000 K
FIEA A 7T 700 nm B, 38 3 5 28 2R L ZE LAY
HEIAT . MR o IR R, 1T LAAS S0 e 3

BE AT A -
1 1
NERN
r-— Ay A - (2)
R M
In B + K 51n/\

o, € S50 R AT W RG T MR Z ; R A B
U RS 1 K BEARL; K Dy CCDARAIL A R 7 28 %5
F G CCD AIALAY B W 4P 4 (a) B 7R o
T SR Z A A AL, B T AN B AR
Iy, i 4(b) frk. ik, CCD Frn i it 4
REAS S MO DX A 3 BE 23 A

NN
A LA

/N

[=] (=3
[=2) oo

Relative Response
<o i i
~

- AL v
00 500 600 700
Wave Length/nm
(a)CCDm [ ffi 25

100

90 4

80 |

| (616,72.8)

70
®
3 60 do (460,60.6)
g ]
£ 501
=
Z 40 -
8 4
= 30 4

20 4

10

0

400 425 450 475 500 525 550 575 600 625 650 675 700
Wavelength/nm
(b) AGHIER B4

[ 4 CCD i Ji i £ FUBLHE 3% i S5

Fig. 4 CCD response curve and double-channel filter parameter
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Fig. 5 Images of molten pool compared with simulation
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Fig. 6 Minimum bounding rectangle of the molten pool
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Fig. 7 Variation of width and length of molten pool as layer

increase under different laser power
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B w (1) S S BRIE L TEE 5w, (¢) S E Y HE It
TEHE e (t) S i 22 (EL RV b 5 5 22 50 (o) S 42 il 4 X
WAz G % R, B R O D RN
FEAEL s P (e) g i o S b £, RDBOE DR A
e FPEE B I TRIASCR IE 5, ¢ Ry 2GR 21

e(t) =w,(t) —w(t) (3)

TEROC D AP W PR o, 38 3 98 5 B — i 20 1)
WO KA PRI TE L w 1T T B Mt 58
JE w, ARIEPE B, BOE YR AL AP 1) PID 5
L2 DTN

AP = Kpe(t) +K,ﬁe(m) +K,le(t) —e(t-1)]

(4)

/\I:F‘ 5KP 7K17KD %%Uﬂi’ tt{ﬁuiﬁl#_\i[:lé]\iﬁxiﬁﬁj\
G

K O A A A A BT
L BOGTIERAY PID S AR By
P(t +1) = P(t) + Kpe(t) + K,ie(m) +

Kyle(t) —e(t-1)] (5)
3 EKWHERSHN
AR S A S Ty A X R Tt T 4 o A = (]
FEWOCTI A LU RRIE 1t 58 B e ) N AT T SR B R
Foo 28 v R Ni3s & &8 R (BURL R/ 44 ~
104 pum ) HEFR S HYFATE G BE T4, R0 (8] Je T2
BnpE 10 PR fE T8 R R bR B8 R (E B E R
5.7 mm, g A ABR A AR B R, S O T
Sy 1700 W, N J2 A 5 B2 AT A BN BOE (E, BT ATE
L Ly 2 5 0 ol 5 B RS e B B w2
FWE R 1700 W, SLISHUNE 3 Fis .



W 5 4 4 No.9 2019

W RS WOGITY Y R 98 S A R GRS 1065
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Fig. 10 3D model diagram of S-shaped workpiece
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Tab. 3 The parameters in the prosses of LENS

Spot Cladding Cladding Lifting Powder
diameter speed length amount feeding
/mm |/(mm -s”!) /mm /(mm - layer ') | (g min~")

5 2 70 0.5 3.0
3.1 ERHERTHAEE
B 1L R AEMEE IR T 40 JZHOCEESOE 1)

TEE T
g

BT 1700 W HEHZHEETN 40 J= LA ACR
Fig. 11 Forming effect of 40-layer workpiece at a constant power of 1700 W
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Fig. 12 Measurement results of the external dimensions of

cladding workpiece in constant power mode
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Fig. 13 Variation of molten pool

width of layers 6 ~12 in constant power mode
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Fig. 15 Measurement results of the external dimensions of cladding

workpiece in the control of molten pool width mode
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Fig. 16 Variation of molten pool width of layers 6 ~ 12

in the control of molten pool width mode
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