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Fig. 1 Principle of the welding with synchronous
thermal field
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Table 1 Mass fraction of elements in materials unit: %
Element C Mn Si Cr Mo B P S Fe
B1500HS 0.23 1. 35 0. 25 0.19 0. 04 0.003 0.015 0. 006 other
Q235 steel 0.18 0.54 0.26 - - - <0.045 <0.05 other
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Fig. 2 Sampling position of the hot stretch specimen
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Fig. 3 Dimensions of the hot stretch specimen. (a) Integral joint; (b) each area of joint
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Table 2 Dimensions of the hot stretch specimen unit: mm
Symbol R L, L. L d b, b,
Value 25 24 70 110 31 2 12
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Fig. 4 Surface morphology of the boron steel /Q235 steel
laser weld seam under the conventional condition
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Table 3

Optimum technological parameters of the boron

steel /Q235 steel under conventional condition

Welding condition Value
Average power /W 350
Peak power /kW 2.8
Welding speed /(mm s~ ") 2
Heat input /(J *» mm ") 140
Pulse width /ms 10
Laser frequency /Hz 10
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Fig. 5 Yield strength distribution of the conventional

Yield strength /MPa

welded joints at different temperatures
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Fig. 6 Surface morphology of the boron steel /Q235 steel

laser weld seam under 450 ‘C thermal field condition
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Table 4 Optimum technological parameters of boron steel /Q235 steel laser welding under welding with synchronous

thermal field condition

Temperature of Average Peak Welding speed /  Heat input / Pulse width / Laser
thermal field /°C power /W power /kW (mm=+s ') (J+mm Y ms frequency /Hz
300 338 2.7 117 10 10
450 310 2.5 95 10 10
600 300 2.4 73 10 10
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Table 5 Results of the high temperature tensile test of integral joints

Test temperature /°C Welding condition

Tensile strength /MPa Elongation /%

convention
300 C thermal field
700
450 °‘C thermal field

600 °C thermal field

179.514 15. 83
142. 871 17.50
127. 283 18. 43
114. 984 19.09
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2F5
Test temperature /°C Welding condition Tensile strength /MPa Elongation /%
convention 122. 342 25.04
300 °C thermal field 97.332 27.50
750
450 ‘C thermal field 85.964 28.95
600 ‘C thermal field 78. 437 29.02
convention 78.647 31. 30
300 °C thermal field 62.582 34. 38
800
450 °C thermal field 55. 275 36. 20
600 °C thermal field 50. 375 37.50
convention 52.933 33.41
300 ‘C thermal field 42.135 36.70
850
450 °‘C thermal field 37. 465 38. 60
600 °C thermal field 33.914 40.03
convention 48.671 33. 87
300 C thermal field 38.546 37.20
900
450 ‘C thermal field 32.920 39.12
600 °C thermal field 30.914 40. 30
convention 475.498 7.20
300 °C thermal field 410. 896 8.01
Room temperature
450 °C thermal field 350. 432 8. 84
600 °C thermal field 311.501 10. 21
90 —— convention 40
80 —(a) - = =300 °C thermal field (b)
—— 450 °C thermal field
70 -~ =600 C thermal field
ﬁ 60 [ T ES
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7 ‘ BRRERS N = 35F
40 ff . 2 T
= | S =}
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20F ) “‘ \
),
0 L L L ! L L 30 2
0 10 20 30 40 50 60 70 Convention 300 C 450 °C 600 °C
i thermal thermal  thermal
Strain /% field field field

B 7 He SR RAE 800 Cr iR FL MR T A SEgR 45 R . (a) L LR Y 2k 5 (b) 4 fif 36
Fig .7 Experimental results of the joint as a whole under high temperature tension at 800 °C.

(a) Stress-strain curve; (b) elongation
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Fig. 8 Actual picture of the welded joint after being pulled off as a whole. (a) Conventional welding;
(b) 300 C thermal field; (c¢) 450 ‘C thermal field; (d) 600 ‘C thermal field
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Fig. 9 Micro morphology of the fracture. (a) Conventional welding; (b) 450 “C thermal field
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Fig. 10 Stress-strain relationships of the each area of the welded joint. (a) Conventional condition;

(b) 300 C thermal field; (c¢) 450 °C thermal field; (d) 600 °C thermal field
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Ce) AN B 41
Fig. 12 Physical image of the specimens in each area of the welded joint after being pulled off at 800 ‘C. (a) Weld;
(b) HAZ of the Q235 steel; (¢) HAZ of the boron steel; (d) base material of the Q235 steel; (e) base material of

the boron steel
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Fig. 13 Microstructure of the boron steel/Q235 steel welded joints under different conditions. (a) Weld area under
conventional condition; (b) boron steel HAZ under conventional condition; (c¢) Q235 steel HAZ under
conventional condition; (d) weld area under 600 °C thermal field (e) boron steel HAZ under the 600 ‘C thermal
field; (f) Q235 steel HAZ under 600 ‘C thermal field
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Plastic Gradient Coordination Behavior of Boron Steel/Q235 Steel
Laser Welded Joint Under Welding with Synchronous Thermal Field
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Abstract

Objective For hot stamping high strength boron steel B1I500HS and Q235 steel, dissimilar materials laser welding
tailored blanks combine the excellent properties of the two materials and can meet the special performance
requirements of the structure. For example, B-pillar of automobile body structure requires that the upper and lower
sections of B-pillar have low strength, while the middle section has high strength. However, due to the difference in
mechanical properties of the materials connected at the end of the welded joint interface, the stress singularity and
other mechanical mismatching effects are caused in the interface among weld, heat-affected zone (HAZ), and base
metal (BM), forming a plastic gradient. So far, there are few researches on controlling the plastic gradient in each
region of the welded joint during laser welding, so it is very necessary to find a method to control the plastic gradient
of the welded joint. In this paper, welding with synchronous thermal field (WSTF) method is proposed in order to
regulate the cooling rate of the joint, intervene the structural transformation of each region of the welded joint,
reduce the plastic gradient and coordinate the plastic of each region. A comparative investigation of 2 mm boron
steel/Q235 steel laser welded joint prepared by conventional laser welding and the WSTF conditions is carried out to
systematically evaluate the differences about plasticity between them, and further provide a beneficial reference for
the selection of controlling the plastic gradient of dissimilar material laser welded joint in practical engineering

applications.
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Methods Boron steel/Q235 steel laser welding tailor blanks are performed using YAG laser device. The welding
conditions are conventional laser welding with 300, 450, 600 C thermal fields, respectively. After that, high
temperature tensile test, fracture morphology, and microstructure are observed by using electronic high temperature
tensile testing machine, scanning electron microscope, and metallographic microscope, respectively. The high
temperature tensile tests are conducted under 700, 750, 800, 850, 900 C, respectively. By comparing the above
results, the plastic gradient difference of boron steel/Q235 steel welded joint under conventional laser welding and
WSTF conditions is obtained.

Results and Discussions By comparing the high temperature tensile test and microstructure of boron steel/Q235
steel laser welded joint under conventional laser welding with 300, 450, 600 ‘C synchronous thermal field,
respectively, it can be found that: 1) elongation: compared with the conventional condition, the elongation of 300,
450, 600 C increases by 19.70% . 20.69% . 21.21% respectively (Table 5). 2) fracture angle: under conventional
laser welding conditions, the fracture Angle of the joint is only 115°. Under the synchronous thermal field conditions
of 300, 450, 600 ‘C, the fracture angle increases by 13.04%, 21.74% and 41.74%, respectively (Fig. 8).
3) plastic strain: when the thermal field temperature is 600 C, compared with the conventional conditions,
the plastic strain in the weld increases by 31.47%, the HAZ of Q235 steel increases by 28.23% and the HAZ of
boron steel increases by 28.61% (Fig. 10). The plasticity of each region is more gradual and harmonious.
4) microstructure: under conventional conditions, the majority of the weld and the HAZ of boron steel are
martensite, while the content of martensite in the HAZ of Q235 steel is relatively small, and ferrite and pearlite
account for the majority. Under the condition of 600 ‘C thermal field, the microstructure of the weld is mostly
ferrite and pearlite, while the microstructure of the HAZ of boron steel is mostly ferrite and the difference with the
ferrite microstructure of the weld is smaller. There is almost no martensite in the HAZ of Q235 steel, but all ferrite
and pearlite, and the fusion line interface transition is more uniform (Fig. 13).

Conclusions The results show that through synchronously applying the preset thermal field during the laser
welding process and laser heat source for boron steel/Q235 steel welded tailor blanks, under the synchronous effect
of thermal field and laser heat source, the WSTF method improves the microstructure transformation of weld and
HAZ of boron steel and Q235 steel. The method can effectively improve the plasticity of integrated boron steel/Q235
steel welded joint, significantly reduce the plastic gradient in each region of the joint and make it to be gradual and
harmonious. For integrated boron steel/Q235 steel laser welded joint, the higher the temperature of the thermal
field, the higher the elongation of the integrated welded joint, and the more flat the fracture surface. For each
region of boron steel/Q235 steel laser welded joint, the plasticity of the weld is obviously improved, the difference of
stress-strain relationship among the weld, the HAZ and the BM is reduced, and the deformation of each region of the
welded joint is more coordinated. Due to the reduction of cooling rate of weld and HAZ after welding, the
temperature is higher and the retention time is longer, the formation of the brittle organization is avoided. The
difference between the weld and its both sides is smaller, the transition at the interface of each region is more
uniform, and the plastic gradient is greatly reduced. Therefore, the plasticity of boron steel /Q235 steel laser
welded joint is higher than that of conventional laser welding under WSTF, and the plasticity is consistent and
coordinated.

Key words laser technique; welding with synchronous thermal field; laser welding; welded joint; hot stretch;
plastic behavior
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