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Numerical Simulation of Stress Field of Laser Phase Transformation

Hardening Vermicular Graphite Cast Iron Based on Beam Discretization
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Abstract Herein, the stress distribution state of laser phase transformation hardening vermicular graphite cast iron
RuT300 is studied based on beam discretization using a constructed elastic-plastic constitutive model of the discrete
laser phase transformation hardening RuT300. Additionally, the model considers the effect of temperature on
thermal stress and residual stress. The results demonstrate that the large thermal stress on the material’s surface
corresponds to a two-dimensional discrete lattice spot. Since rapid laser heating causes each part of the material to
experience a different temperature, the thermal stress distribution is wavy along the X-axis path of the model. The
maximum thermal stress in the X and Y directions of the discrete spot loading region is found to be —635 MPa,
which is 1.8 times that found in the Z direction. In each section of the model, the thermal stress decreases gradually
with an increase in the depth; the residual stress value in the laser loading region on the surface of the material is
larger than that in the nonloading region. The residual tensile stresses in the X and Y directions of the model
constitute the primary residual stress, with a value of approximately 200 MPa. The residual stress in the X
direction along the X-axis path is the largest among the three directions. As the laser power increases, the peak
residual stress value increases, and the area of the material affected by large residual stresses increases. However,
when the laser heating time is prolonged, the change in the peak residual stress value in the loading region is within
the range of 2.4 MPa.
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cast iron; numerical simulation
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Table 1  Mechanical property parameters of RuT300

Temperature /°C 25 200 400 600 800 1000

Yield strength /MPa 240 221 200 178 157 40
Elastic modulus /GPa 145 140 135 129 124 100
Poisson ratio 0.26 0.26 0.26 0.26 0.26 0.26
Thermal
expansion coefficient / 10.6 11.5 12.5 13.5 14.5 15.5
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Fig. 1 Finite element mesh model. (a) Three-dimensional model; (b) X-Z section

22 HEFEEHR
PO AR AL 1 i T ™ 2R B 1 ) T A RO

IAHAZ I A7 - SOE AT 5 RS 9 I3 28 A 2 7= A A
T R 728 A Ak Ak P 5 R v B A SR AR e 7 A A R

231403-2



Wt 5ot T o R

S35 AL T3 FIAH AR ] J 3 [7) g w4 OB 9 85 A% B T 43
AR 2 g MR & AR SRR AR Y MR 2
R A FL T R e 3 B B 2 2B SR M AR T L DR b ke
T R A R AR B N T 3 4 A R A7 R i
T BT A G RGBT N 1) LA P AR ST Al R
23 MREE

LI AH AR R Ak A R O PR BRI B R 25 C A
WL 70 A 70 5 4 551 7 2 A A B A el i R A AR (R A
2 = R R A IR AS I R S 2 T i AR
o, 3 3 R B 3 NN ) 5 0 ) B A T ST O AR AR
i fk RuT300 #4557 g 3 F1 5% 4y By 1 3. B0 5 4
B AR s B 5 A 1R S s YO A AR B Ak 1 S 56 15

2500

(a) —X

2000

—
(W)
(=3
(=]
T

1000

Temperature gradient /("C - mm~)

0 1 2 3 4 5 6
Distance /mm

Bl 2 2 Z AR b i i B B 3 A

0 X A7 BR T AR Y i Jin 57 % 31 5 2% 1 5 A5 Y ) G ThT
ARILUT Z T 4% .

3 AL R S HE

3.1 BEHESM

FTOEHR B RN HOLAMZZ B 4L RuT300 1 J13
9 R AE DR B9 O 2 80 R - T 5000 W
TNEAERF ] R 0.1 s 4% B HOL BE PN Y Dy 54 B A [R) B
WEy oA . RO B A kL 1 2 4% e U
& b IR BB AT AN 2 B, or A AR 1 A
22 B XY\ Z J5 il B BERR B L o XY 5 [l Y

il JE2 A6 B B X

2500

= (®)

g 2000 ); 2.0X10-

"\3 7 15X10"

B 900PE 10x10°* f}

s |

g) 1000 F 0.5X10 T

g 5,

8 B0OF e 0 05 10 L5 20 25 30
s | e

g bl T,
&

0 0.5 1.0 1.5 2.0 2.5 3.0
Distance /mm

() 42 15 (b) 48 2

Fig. 2 Temperature gradient distributions on two paths. (a) Path 1; (b) path 2
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Fig. 3 Thermal stress distribution nephograms in three directions.
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Fig. 4 Thermal stress distributions on two paths. (a) Path 1; (b) path 2
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Fig. 5 Residual stress distribution nephograms in three directions. (a) X direction; (b) Y direction; (c¢) Z direction
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Fig. 6 Residual stress distributions on two paths. (a) Path 1; (b) path 2
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