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Numerical simulation and experimental study on temperature
field of single channel laser cladding
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(1. College of Electronic and Information Engineering, Guangdong Ocean University, Zhanjiang 524088, China; 2. School of
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Abstract: In order to study the temperature field distribution of single-channel laser cladding sheet, a Gaussian heat source
model was used to simulate the energy of laser beam through ANSYS software, and the temperature field of single-channel laser
cladding and cooling process was simulated by using nonlinear boundary setting. A 2kW fiber laser was used to cladding iron
based (Fe60) powder onto a 2mm thick TOA steel plate, and the temperature at various points was measured by a thermal
imager. The results show that the simulation results of temperature field of laser cladding sheet accord with the experimental
results, and the maximum error of its maximum temperature is 8.31% . The research results are useful for the optimization of laser
machining parameters.
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H RSO T 08 s PGSR 32 S04 5 107 T
B R ORISR TR OBURR R (R SRR TR | S 2R 3B B
PSRRI T 2mm JE TOA #5902 T B AR
R TR AR R U, Al P JER B RN T T A LL AT DA 22
ANt TR EE 7 Il AR S W AN 3 A v 3 o A
TR G RE B T AL N 2 4E T IR AR S il
ANSYS iR F 1Y 2 4k s T IR, ANSYS £ 3)
RGPS Bl b 25 T PR R X
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E = Czexp[ .’ ]x
exp[ - q(z - z) ] (1)
AP E S, COOGEE, C, N RETR ¢ R R
B, (x0,50,20) MR AL EABKR, (2, y,2) ML
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RO R R BRI a2 ot T T9A
o B R R A ST AR R SR A UL R

E=a(l-p) 3L
nr

eXp[— (x — %, _”t>rz + (y _yo)z]x

exp[ = q(z - z) ] (2)
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1.2 ANSYS workbench

FIF] ANSYS workbench Ft i #5475 3E HOG I AL TR
BEL405 B, ANSYS workbench J 48 ANSYS 2%k i%
11155 (parametric design language , APDL ) 22 #i L [f 11
5, AR T A B TR DR
0 ( graphical user interface, GUI), & F ANSYS
workbench T J& 1B S /3 M Bidk transient thermal
113 B 5 HLSTE O MR Aid 7
1.2.1 #AtkmE A i Fe60 HioK, £ TOA H
MR TR B 7 05 15 SLIR B FE . 72 ANSYS #F
B2 Qi AT IMATPRO #3138 45 1 i Ak e bk
P S LY Fe60 Rl TOA AR, 1 32 gy
SR Fe60 By ARFN TOA AN ot it 70 %5, [ 1 0 Fe60
KA TOA SR A IS 6

Table 1  Mass fraction of Fe60 powder

type C Si B

Cr Ni Fe

Fe60 0.008 ~0.012 0.01 ~0.02

0.038 ~0.042

0.16 ~0.18 0.09 ~0.12

Table 2 Mass fraction of T9A high carbon tool steel

type C Si Mn S

P Cr Ni Cu Fe

TOA 0.0085 ~0.0094 <0.0035 <0.0040 <0.0002

<0.0003 <0.0025 <0.0020 <0.0030 balance

1.2.2 JUTHEE AL MAR 4 FIFSMNE 3 4E5k
P TR G AT A o B8 )Z R :40mm x
Imm(r,) x0.5mm(ry) ,r, Flr, 35 HIEHC AR 50
42 Fob RSH o 100mm x 50mm x 2mm, EHLANSYS
workbench BRIAFAIT solid186 FLITHEAT W 4% 0] 43, 45 7
JZ R F 7S TR ]AS AT AR K] 43, BRI 4k RO 1R
“4°0.0005m , FEAR R FH 7S AR RS A TR T 53, BR 34

SRR BE O 0.003m, WIS 3 23 J5 3 4E A FROTHE
TN 2 fios

1.2.3 #Rm#E 52 REMHEZ i H ANSYS act
moving heat i {F AT PRIEINE. JEIE BARHE : 73 5
i FH 2% 600W F1 800W , 45 & + Smm , 2kW YL
JCART AR BE AR, SR 8 T S B WL
2l Z AR EAR LK 3, U ADGRE H AR 7 L
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Fig.1 Fig.1 Thermophysical parameters
a—density versus temperature b—specific heat capacity versus temperature

c—temperature dependence of thermal conductivity

Fig.2 3-D finite element model after meshing

Table 3 Spot diameter of multiple points under different power

power/ W spot diameter/mm
600 1.19 1.21 1.22 1.23 1.24
800 1.30 1.32 1.34 1.37 1.47

N P OB AR, R4 600W | B fE 4R + Smm
B, R E A4S 1. 22mm; I 3K 800W | B ££ i + 5mm
W OEBEE AR 1. 34mm, FREEIRZBCE N 25°C A
P Ry P S WIE B2 0 R e O TR e Y]
SR 40 o i 0y A e e 0 O 48 R 2 i, e e Tl R A
BCE A T AR MR T AR A

1.3 FE4&R

P A RB T R g A1 R s T 45 3 B 3 i
A7 600W 348 % 24 600mm/min B, fill T.45 3s 1
il K4 s il BEIT 4 A

Fig.3 Temperature distribution nephogram of the third second processing

with 600W power and 600mm/min scanning speed
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Fig.4 Broken line chart of simulation maximum temperature of each group
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Table 4 Experimental scheme

group 1 2 3 4
power/ W 600 600 800 800
scanning speed/ (mm - min ") 600 800 600 800
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Table 5 Coordinate position of each point
coordinate axis SP, SP, SP, SP, SP; SP¢ SP,
(x,y,z)/mm (-40,-20,2) (-20,-20,2) (0,-20,2) (20, -20,2) (40, -20,2) (40, -10,2) (40,0,2)
55‘ a
| —SP
5 50 ——SP;
°§ 45+ SP;
3
g 40
g 354
Fig.5 Processing and experimental site diagram = 30
a—processing diagram  b—front view of experiment site ¢—back view of 25
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Fig. 6 Image acquisition by thermal imager E 30
a—heat distribution map of a certain processing time b—3-D heat distribu- ]
tion of laser beam at a certain processing time 251
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Fig.7 Temperature variation with time at different points in each group
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Fig.8 Comparison of maximum temperature in each group
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Table 6 Maximum temperature value and error of each samplepoint experi-

ment and simulation at 600W power

scanning simulation experiment
error/
speed/ temperature/ temperature/ %
(mm + min~") C C ¢
600 37.0 36.5 1.35
SP,
800 34.6 32.5 6.18
600 43.3 43.0 0.79
SP,
800 39.6 36.3 8.31
600 51.7 50.0 3.27
SP;
800 46.3 44.4 4.01
600 44.0 42.8 2.59
SP,
800 40.0 36.9 7.85
600 37.2 36.3 2.49
SPy
800 34.8 32.8 5.79
600 37.3 37.4 0.35
SPe
800 34.8 33.0 5.29
600 37.3 36.2 2.77
SP;
800 34.9 33.3 4.47

Table 7 Maximum temperature value and error of each sample point experi-

ment and simulation at 800W power

scanning simulation experiment
error/
speed/ temperature/ temperature/ %
(mm » min~") C C ¢
600 39.4 37.2 5.50
SP,
800 36.6 36.7 0.38
600 47.2 49.4 4.51
SP,
800 42.7 45.6 6.45
600 57.2 56.8 0.65
SP;
800 50.6 53.7 5.68
600 47.8 47.7 0.23
SP,
800 43.1 43.3 0.39
600 39.6 39.8 0.62
SPs
800 36.7 34.1 7.17
600 39.6 41.2 3.83
SPe
800 36.8 36.2 1.56
600 39.7 41.7 4.89
SP,
800 36.8 35.6 3.25

M6 R T ] A, o i S0 RIS AU 14 o e i
JEHRR K Ao A SPy g5, R T LL SPy AE SR B0 A . B
9 600W 14 1 <y 600mm/min B, 4 A5 S8 fz ey i
BE 51.7°C, fif Hodme i R 9 50. 0°C, i A 22 1.
TC RN 3. 27% o WL B W K1 R 2
e IR I (E, R A2 6 .36 7 FIIEL 9 Rl nl 4%
A A 1) B e i PR TR 22 i K BLAE T Ry 600W,
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. 600W,800mm/min Table 8 Maximum error at 600W power and 800mm/min scanning speed
81 i . 80QW,800mm/min sampling point_ SP, P, SP, SP, SP, SP,  SP,
6of < NS R thermal error/°C 3.355 5.553 6.587 2.972 2.326 3.062 1.969
g i NV ii ‘.‘ \‘~\\_. _
g 4 I_,' = ‘-"'\_\ / N 2 1077 iP5 =0.002234;p,, = —0.05388;p,, =0.6487 ;p,, =
5|/ _1.853;p,, =26.03.
. 7 o Y ( M 10 15k 8 W LAE 0 B 5 S0 i 45 Ak o
1800W,600tm/min  600W,600mm/min Sk 600W 4 9 2y 800mm,/min I, 1% 411

SP, SP, SP, SP, SP, SP, SP,
sampling point

Fig.9 Line chart of maximum temperature error at each point
FAH Ay 800mm/min ) SP, £, S04/ I e o Uit B2
PIFAHZE 3.3°C RN 8.31%
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P(>1’52 "’P71’51 + Dsi (3)
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Psat’ + pet’ + ppt’ + pot' + pyy

A, p, = —2.486 x 107 ;p,, =5.508 x 107 ;p,, =
-4.837 x10 7 ;p,, =0.002113;p,, = —0.0462;p,, =
0.3987;p,, =0.6461;p,, =24.97;p, =1.701 x 10",

Py = —5.465x107°;p,, =7.326 x 10 " ;p,, = —5.307 x
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Fig. 10 SP; point simulation and experimental data at 600W power and

800mm/ min scanning speed based on MATLAB fitting function curve
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