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Relationship Between Crack Rate of CBN Coating and Parameters of Laser Cladding

ZHAO Shu-guo, LI Cheng-long
(School of Mechatronics Engineering, Shengyang Aerospace University, Shengyang 110136)

Abstract ; Laser cladding technique was used to prepare CBN film on the surface of TC11, the relationship between laser
parameters and crack rate was studied to control cracks of the cladding layers. ANSYS software was used to study the
temperature gradient by orthogonal experiments, and the morphology and component of cladding layer section were ana-
lyzed by SEM and EDS observation. Results show that the macro crack rate significantly decreases with the increase of
laser energy density, resulting in a better cladding layer, and the optimized parameters are the laser energy density of 6 X
10" J/em”® and the powder feed rate of 1 r/s. Crack rate increases with the increase of the scanning velocity, which is rela-
tive lower under scanning velocity of 3 mm/s and powder feed rate of 1 r/s. Crack rate increases first and then decreases
with the increase of the powder feed rate, reaching a peak value under a powder feed rate of 2. 25 r/s and laser energy
density of 3.4X 10" J/em®. As to the micro crack of the cladding layer, the crack rate decreases first and then increases
with the increase of the laser power and scanning velocity, reaching a minimum value at laser power of 1800 W and scan-
ning velocity of 4 mm/s . SEM and EDS analysis showes that the crack rate can be restrained and the layer with good
morphology and component can be obtained by adjusting of the laser cladding parameters and controlling the temperature
gradient.
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Table 1 Parameters of CBN laser cladding on surface of
TC11

Level

Parameters
1 2 3 4 5

A laser power/kW 1.5 1.8 2.1 2.4 2.7

B: scanning velocity/
2 3 4 5 6
(mm « s")

C: powder feed rate/(r+s') 1.0 1.5 2.0 2.5 3.0

F2 TCll REHNABEE CBN KM AH Ri&it
Table 2
the surface of TC11

Experiment scheme of CBN laser cladding on

Parameters Parameters
No. No.

A B C A B C
1 1 1 1 14 3 4 5
2 1 2 3 15 3 5 2
3 1 3 5 16 4 1 3
4 1 4 2 17 4 2 5
5 1 5 4 18 4 3 2
6 2 1 5 19 4 4 4
7 2 2 2 20 4 5 1
8 2 3 4 21 5 1 2
9 2 4 1 22 5 2 4
10 2 5 3 23 5 3 1
11 3 1 4 24 5 4 3
12 3 2 1 25 5 5 5
13 3 3 3

FHL ) E I 32 il % R SF 30 mm X 10 mm X
5 mm() TCI1 K J7 /N, 1 238 50 T s Z A
SEIC A RE TP ACHT B S AL 2 JF 4 SR 1 2% R
B S LA UK /0 B I Xt 2o R Ty 23 9 i W i,
K /PR 25 B s BT 5 .

BOCIEE R R 5 kW (1 CO, WOk . fF4
MRS BB ER N 3 mm,
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Fig. 1  Finite element model of laser cladding CBN on
the surface of TCI1

% 3 CBN 0 TC11 By I8 1 Ak
Table 3 Physical properties of CBN and TCI11

Physical properties CBN TCI11
Density/(g * cm™) 3.48 4. 54
69-98 2.69
Microhardness/GPa
(7 500 HV, 1) (340 HV, 1)
Resistivity/(Q * cm) 10" 1.6X10™"
Coefficient of heat
4.7(800 C) 8.8
expansion/ (107 « C™)
Thermal stability/ C 1 300-1 400 300-500
) o 1 668(Boiling
Melting point/ C 3000

point:3 260 C)

Thermal Conductivity/
(Wem' k!

1 300 7.955

Young’s modulus/GPa About 850 About 118
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Fig. 2 Temperature distribution contour line of cross

section with scanning time of 3 s
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Fig. 3 Temperature gradient curve and cloud chart of temperature field in different directions with scanning time of 3 s
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Fig. 9 Micro-cracking rate as a function of laser power
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EDS spectra analysis of CBN laser cladding on the surface of TCI11
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