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Fig. 1 Comparison of single-track section in a single-layer and

multi-layers
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Table 1 Chemical composition of F314 iron-based alloy powder

Element Mass fraction/ %
Fe Bal.
C 0.1
Cr 15.0
B 1.0
Si 1.0
Ni 1.0
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Fig. 2 Principle of powder feeding in annular laser

beam

AU 5 A Y P R 2 m S R S A i an A 3
A7~ o CCD AHML R H Balser acA £ 41 , 31 [l 5 7F M5 3k
L TS BRI  shsif gh . KT TN S IR
T2 v A R A B HE A R
A5 B A B Mg NI . PO n] g F2 2 48 4%
il #% (PLC)AE A ProfiNet i {5 #iHe

YA HE BV 2 A Z R T RN WA, M
5 YT A A SE PR HE S A A . DUSE R )2 HERLS
f91), s 7 3k e v S I AR B AR 122 HE B 5E
JEIE Y & H (k) o AEIEATES £+ 1 2 HERUAT,
W5 Sk 7 HE R ] LR T T A 0 738 2 m H(R) iE
TR ER EHERE LR, 285 w427 Z(k) , it
Z(R)=H (k) o 751 8 RE RS HE LS G0 b,y T3
S Xl A HE R DR AR S PR R T AR R AR B 2
B2 7 Sk A A R T HOR) M3 2% S Y i, 52

0802102-2



robot control cabinet IRl

#5505 £ 8HI/2023 £ 4 B/HEEN

A

stacking height i ProfiNet

scanning speed Vi

CCD camera
— e

inside laser powder
feeding nozzle

industrial computer |«

K3 PR RS s

Fig. 3 Structural representation of closed-loop control of cladding height system
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Table 2 Single factor experiment table of laser power

Angle / Fixed scanning speed Processing window of
) V./(mm-s ") laser power P /W
0 8 [600, 1600]
30 8 [600, 1600 ]
60 8 [750, 1500]
90 8 [800, 1500]
120 8 [800, 1400]
150 8 [800, 1200]
180 8 [800, 900]
3 P R R SRR
Table 3 Single factor experiment table of scanning speed
Angle/(%) Fixelii f&wer Proce:;:fj v‘v/ijl;i(or;zlvr;).fsffi)nning
0 800 [3.5, 8]
30 800 [3.5, 8]
60 800 [3.5, 8]
90 800 [3.5, 8]
120 800 [3.5, 8]
150 800 [4, 8]
180 800 [6.5, 8]
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Fig. 4 Variable angle thin wall deposition experiment. (a) 30°; (b) 60% (c) 90% (d) 135°
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Fig. 6 Trend of measurement data by layer height control system. (a) Trend of thin wall layer height; (b) cross section of thin wall
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Fig. 8 Variation of measured cladding layer width with process parameters
6) TEAH R A 2 F8T5 S RO, A XS JR m R T Al IR %k T A e S g Sl AT O R
45 Wi /N M2 I 2% 1 i 80 250 X LR B B )2 A 1 )

y b > W LIS %I RETEFE NS 1718) g
A 2 N 8 TR (Y 7 ST B o MBS REREREL S E T &

BP 1 22 [ 25 A5 75 B 8 AR - b ) Fsf Ak B 22 i A%
PEILA B ) B, 45 25 00 75 A S vk e S 1 1 S5 72 1L g
HLHS A TEAR BN BIE R, I T RS A i
P AR fe 2R A T ST 2 i e B 45 2504

BP #i & M 45 th i A2 (R &2 2 =
B B9 SR ST ST Y BP 2 48 B AR F S R 1A
3 A SEON M DR S HON E
TRTEL 8 v 250 A A L Bt A Z S 250 X 35
M, Wi EA 2D AR EENSESREE. N
ol ol 25 I 24 W LA PR R S, R FH TR A B A S 4 R o 4

FERUE R 15 22 W 6 B AR 07 Il A% 36 4K

BEAN 6 7 5 1S v R B0 SR R T R
2 1) A7 B R R AT 4 5, A TR ) R BE g S o
1~50 S Fp @A ) B2 b B A 0 ] v 40 (4 55 1
B HBHR o ST B R AR L R R 7 (a) g S 56,14,
17.23.28.32.39.41 .50 B9 Fi 4 4 57 B 4 |, e & St
T 2 5 2 5845 50 48 7 R ik 4R | R 4 i B s
YERINRAE o SXFEDRAE A & 17 & Fh f B TR Gl
FEAE S s T AR 0 A e . IR R I SR AR
7., DR AR A T D0 A AR g 0 RE 7 LA R B A A AR
Wz ALBE 1. MKW 46 A F T2k AU F IR 2

0802102-6



&50% £ 8HI/2023 £ 4 B/HEHH,

laser power (P)

\ cladding width

/or height (W or H)

v

output layer

scanning velocity (Vs)

cladding angle (0)

input layer

hidden layer
O BP 2 [ 4 4 £ 45 g I
Fig. 9 BP neural network topology
S5 )5 A I, B U2 4 I 2 A0 e 2 R 2% T E 90 %6 B
15 BN T AR B o SR R T A A I
SE JI R S 1) 1 2 I 4 S AL R I 455 D9 19 45 AU (E S
BIAE o e 3L T I SR A A5 310 1 ol 2 I 265 55t 0 3t 42 174 i
TCRAN A 10 Bz , Hedr 8 10(a) g 16 78 2 9 B B T
B 18 T0(h) Ay s 28 )22 v B A TN 00 o e 4R A5 1Y
JZ 155 2 E T Ao 25 R £ SN 3 4 TR o
DL 7 MR A5 2% RMSE 90 % B A5 B 10 4 ofi: ff %
Ao MRS A0 1 % 5 12 AL BE 1 I PE M 8 bn . —
HIWE X

@ — true

990 b predict
=
g 2.85
£
B 2.80 -
o]
2
= 275 |

2.70

0 10 20 30 40 50
Test set layer number
&l 10

FA LD SR L R R 2 I 2% S AR
Table 4 Neural network parameter of angle-varied cladding

height and width

Network parameter Width-BP Height-BP
Learning rate 0.1 0.1
Maximum number of iterations 5000 5000
Training target error 0.01 0.01
The number of hidden neurons 4 4
Nodes of each hidden neurons [6,10,10,6] [6,10,10,6]
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Height and Width Model of Cladding Layer Formed by Laser Cladding with
Variable Angle

Li Tianyi', Shi Tuo", LiKuan®, Zhang Rongwei’, LilJianbin’, Sun Yewang', Liu Guang’
'School of Optoelectronic Science and Engineering, Soochow University, Suzhou 215006, Jiangsu, China;

*School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215021, Jiangsu, China

Abstract

Objective The fabrication of an overhang or large inclination structure with laser cladding must be completed on an
inclined substrate. Regarding the parameters and morphology of laser cladding layer, previous studies have mainly been
conducted on a horizontal base plane. Few studies have focused on the influence of different inclination angles of the base
plane on forming morphology. The molten pool is often stretched or even displaced by gravity when conducting multilayer
deposition with a large inclination, which affects the height and width of the single pass after solidification. A slight change
in the height and width can affect the final forming accuracy; whereas, large changes in the height and width, particularly
when the actual layer height is inconsistent with the preset layer height, will directly affect the forming quality and
continuity. Therefore, this study explores the influence of different base plane inclinations on the height and width of a

single track, and uses the base plane inclination as one of the inputs to establish a neural network prediction model.

Methods

each process parameter and the change step of the parameters. The laser power was varied from 800 to 1200 W in steps of

First, a single-factor experiment method was used to scan a single layer to determine the working range of

100 W. The scanning speed was varied from 4 to 8 mm/s in steps of 1 mm/s. The angle was varied from 0° to 135 at the
step rate of 15°. Thin-wall deposition experiments were then carried out at 10 selected angles, and five groups of deposition
with different power parameters at each angle were considered. Each group of thin wall was deposited with 30 layers, and
the process included five groups of selected scanning speeds, which was changed every six layers. A CCD layer height
measurement system was used to collect layer height data in real time during the deposition process of the thin wall.

Results and Discussions The thin wall was cut from the middle, and the width of each layer of the cut section was
measured. The mean values of the last three layers of every six layers in the measured layer height data are valid (Fig. 6).
Finally, 250 sets of height and width data were obtained. Based on this data (Figs. 7 and 8), a BP neural network
prediction model was established. The model considers the inclination of the cladding base plane, scanning speed, and
power as the input, and the height and width of the cladding layer as the output. The data containing various angles,
power, and speed information were regarded as the training set to enhance the comprehensiveness of the test set. The
model was built using only the training set, and the remaining data were used as the test set. The test set was only used to

test the predictive ability of the model and evaluate its generalization ability.

Conclusions The influence of variable angle cladding of 0°~135° on the single-pass morphology was studied. The
experimental results show that the layer height first decreases and then increases with the change in the inclination angle,
and that at 90" yields the lowest layer height, which can be attributed to the constant change in the angle between the
gravity direction and the growth direction. The layer width first increases and then decreases with the angle change,
reaching the highest value at 90°. The root mean square error of the two established neural network prediction models is
controlled below 0. 1, and the 90% confidence prediction accuracy Ay, is 99% and 96 % , respectively (Fig. 11), showing

an excellent prediction effect of the established model.

Key words laser technique; laser cladding; inside-beam powder feeding; inclined plane; morphology control; BP

neuronal network
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