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Study on Temperature Control of Powdered Pool in Hollow Laser Light
PENG Cheng,SHI Tuo,FU Geyan,SHI Shihong
(' School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215021, China)

Abstract : In the laser additive manufacturing process, the stability of molten pool temperature is an important index to characterize
the stability of the processing. So a closed-loop feedback system was designed to control the temperature of molten pool and
improve the quality of forming parts. Based on the C# programming software, the temperature signal transmission was realized. The
PID control algorithm was used to design the temperature controller. The experimental results show that the system can realize the

closed—-loop control of the bath temperature in real time with accuracy, and effectively eliminate the “mushroom cloud” phenomenon
caused by the heat accumulation during the cladding process of the straight wall. Moreover, it also indicates that the geometric
accuracy of the formed parts has been significantly improved, and the microstructure difference is small and the fabric is dense and

uniform.

Keywords : molten pool temperature; C# communication; PID algorithm; closed—-loop control

0 35

HOEIEE WY (laser cladding forming , LCF ) 34 44 il &
EFHOLBEBEAR SR EBEHE A 7ERE SR,
B TR SR HMEE W L 2S48 TE 2 2B 5 kAR ETR
ARG, T BOSUE 1R 57 e B, DRIk X O G 0 2 v 0
T3 A P A Ry

[ N AD A N0 25 38 O A T b IR B 42 ol
F7 7 WR5E, B0 . %5 95 95 BUR "2 19 TANG L A NS T4
TR JCTHOGTI AR Rk T4l A I
R AR TR T 4% T 5 , s o 0l TRLEE 5 T e
Bk R AT T — B RAS 2 8] )5 PR I O B0 i IR
U= R GE, I e T S A b A A e
PRIRARCR T TR R M PVE AR BEF CCD ALY 1 3t 1L
JERIN AR GE, MR PID AEA] 428 ] B 12 0 4 i ¥R &8 AT 45
WIS ERTR BT ZT 45 2R W, WO A 78 i B 1 T
FEHAR TS TIRA AL (HEERSRNE i St
A R RO 2 AR

ASCEF RGN RE BT, B K T AT CHERE B0
DURA BT 2R B AP R G, 5 1 —Fh 2 B 2 iR EE 4%

773, AR 1 B 2= PR O T — R O R
SR i Mt B2, IR B0 R B T B B RE R ME L AR Y
CEEEE AR, BT AT A T A SR T
T A 10T RAEATENELE TR

1 LI H

SR T IR M RO S SR BT £ R
P e Sk O BRI A 1 (a) F7R, SRR N7
TIIEHOCHR AR, AT SEHOC N [RRRIE R . Ky M o i
ETE AR RATZLAMUR (R R AL B /Y
I B2 AL 1o S A T 0L, TAAL P i Socket {5
IR LB St 2 HL A At 8 o T HLA A L0
JGAREERAT L RO LA RIEIR M B 1Y,

HHlrg
e

e
S

(a) J5UH[E]

HE&A . EEHRFEFA T H (61903268) 3 TT70E HRFFF I 410 H ( BK20190823)
E— BN ZHE(1993—) , B W5 A AL BF 5T A BF9E 05 18 O A i 3

- 99 .



cfEEEA - yAR % .

W E b MR R R TR

(b) 521
B1 StREEmmEk

2 mEEHIERAIRIT

TEAWFTE D A C#gm PRl = 72 RN S W15
B SR A 5 nT RASEI AR U IRAY T L KUKA Bl s
N = Z [ | TSR P DR 38 A 42 o S 56 9 D T
PERIE MR T RO AR S i A R iR
PEAR S | AR Ha i 1t 2L P2 Sf 15 OB I R S B B
TR A R A A PRT 2 DA L P T 5

Hlas ANzl &

Socketifi {5

iif g
Tl e g e g |

2 fEHREAEHIRER

ASRerh B T ORI, T, S R T
TR | LR IO AT DA B R S, e o 4 i b 22
Bk JRSEBREE SRR IR IR e (k) M
e(k) = T,(k) = T,(k) (1)
TESEBRb B R 5 3ot RIS TE O T 3k i ot
(SEBRELRE T, BT T, R A LT P Al LI
K8 PID HE
P(k+1) = P(k) +K (T, -T,) +
k
K Y e(m) + K, [e(k) —e(k-1)] (2)

X K, HHBIREG K B 280G K, MO R B
AT, G A 2 B LR E K, N

0.000 535, K, B8 "4-0.000 012 1, K, {4 EEHT 2t

REARZATFIA— B TE R B, W T2 I 47 B ]

X ARSI S M /0N 0 K AR O, S5 B 5 56 2o

IS AT S T < T, B, N — R M EOE R Y

KOBEZRETE S To> T, I, T — )2 306 298,

N TR R R

3 RIEHERF IR R

3.1 xR

TE LR R b AR B R B ™ & 7RSI L
RIUN ERR AR A AR, B gl = IR R 78 15
AR, O T Sib b B Pl A P R A S BE T T

- 100 -

PHLELXT LSS, M IREAT R R HERR , SR 2R 1 B,

R1 ZRIZBH

. R, RHEEE EMEE BEE/ =
e W (mm/s) (g/min) mm RIS
SLE— 660 6 8 -3 AR
ST — 6 8 -3 AR

3.2 ZERE5HH

& 3(a) NH—H IR R P A TR . AAIE
R A | R TR A, e A TR I I
TFIRHZEE, N2 ERE 12 BHEbREE LJHE
PORF AT ERE R R, L —E R EA T —
ISHZ SR b — 205 7 5 B e S e 18] P9 08 38 1 K 58
IYEH T T — 2R, SRR AR B A BT TR, g
JIR B b s IR TR . 5 12 2 R0 20 R
TERR T IR B K SRR T R TR RS k2
DRy It 5 M 0 22 P B o T s 7 22 PO BR8Pl — Ak 1
PEG AL e AR T A RRA B TSGR

& 3(b) AR EEBEE A 1650 °C I EB% 1 241
HEE ., WEIFRRTUE 56 1 R RIRERIHE 2R F 5 m
SETB TR . S0l ARSI R AR M AiE R A T
PRI EE LN T — )2 AR B TR R — 2 s B R Y
WOLThR  LIAMEIRE BRURE i F—Z RGN T E
MITREE . ISR 2 2Rt i T5 | R IEE 7, IR T iE )
WIEEIREE T, MOCE 2 J2 06 iSOG T R AR PT 455 #5809
VB A THEN , DAGH I T 8 a0 T35 5 AR (8, 346 6
JEEh IR DR BB R T, BL)E, PSR
ARSE S VR AR A0 B B F 10 CAE A sh

i

2400 | ‘

2200 |
2000 |
9
S 1800
1600 |
Ju]
1 400
1200

1000

800 . . .
0 50 100 150 200 250 300 350 400 450

i [R)/s

(a) 45—
2400 —WEE
2200/

2000}
1800}
Fa
1600
Jut]
1400
1200
1000

800

0 50 100 150 200 250 300 350 400 450
R[] /s
(b) =g

3 RRtiRERE



- fEREA - A, F -

b B, P S 38R A

Pl 4 DAL SC s i) SE IRl I P2 BRSO [
B < R T AL PR A A R B B B TR R B TERY
CEEG T AR IR R MUY E R R TE S
T AP B 0 ) 05 , B LA AT 3 R SERE 3 2],
SPREEE AR R 3 AR T I A ) R SR RE S A K
o RO A ) i A

(a) g — R F (b) L4 U

(o) LA
4 SCISRFFIR

B 5 AN i BRI TR RO | rh i LB TS )
HUBEHZUE . PR aT LU JHE il TOUe Y 4 AR 20
UL ECE BRI A2 a3 IR MR 21 eh T BIA AL Ay
T LAPRGE S FIBEE , fiohr 3 BB AR AR 1, B 28 R R
HA, PSR T IARBLG P ) Sk R
FURHRR , HAL BB b

e
st

ke

(©) Tk
5 IW—BEHARELE SEM BE
6 g Sc it i BB AR R TR e R A 4
&, M R] LI S0 T LR 4 00 B DRSS 32 10158
LV R Y A1 EUE | U A SR S AN, AR o =
SR SEEE 10~ 20 wm LN, B T 40414,

(a) IR

(c) TR
6 EWZREGAELLE SEM B R

4 5iE

AR SR PR B 428 TR B IR By 12 T s 4 A, 45 2R

W

D) G ms TGy, 0R B E SRR 4

TR A TAEAL LS NS fs =5 Z (AR LA 3 At

TR AP ) B85 T AL
2) Wit TR PID #5525, M8 - — 2957

JE R BRI B R — R B DA B Rk 2

R 2 S SR R 22 S T MU B R A o e

HPIRL A PR PR R
3) P PP 2L 3 S P v U A ) R T AR S

A T ARV A E Dl 0 b o) 3 e R e v i B B9 5l

S OB LTS E

SE

[ 1] fS3RtE 2k, HM s (3D 4TEN) FAR ZJE[T]. HUA I
HH3h1k,2013,42(4) : 1-4.

[2] SONG L J,BAGAVATH-SINGH V,DUTTA B, et al. Control of
melt pool temperature and deposition height during direct metal
deposition process [ J]. The International Journal of Advanced
Manufacturing Technology,2012,58(1/2/3/4) :247-256.

[3] TANG L,LANDERS R G. Melt pool temperature modeling and
control for laser metal deposition processes| C]//2009 American
Control Conference. St. Louis, MO, USA. IEEE, 2009; 4791-
4796.

[4] 5RIRAE R ZE. WOCIE M ] 3 4 T T A2 52 I g 005 47 1
[J]. Wi FH#0O6,2018,38(1) ;13-18.

[5] PMEA, AHEZ AR, 5. B TR A CCD WBDEH A b iR
FEARRERIDFFELT]. WOLHA ,2018,42(6) :745-750.

(6] wafhith, At A, 5. 56 P IR b 7 T HEAR AR 92
WsE[J]. WOLHAR,2015,39(5) :594-597.

(7] fA¥h, R0 BIESE 55 O 4 IR TURRHE = ) 204 1 F 52
[J]. PEEOE,2017(7) : 302-310.

I #E B H8:2020 - 03 - 09

- 101 -



