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Abstract

This paper presents the impact of the angle of the Laser incident
beam on transformed induced plasticity (TRIP) steel sheet
subjected to robotic arm assisted Nd: YAG high density laser
beam. The continuous laser beam source mode is used to
produce a butt weld joint using a 2 mm sheet of standard ASME
E8 with maximum power is used as a 2200W with zero gap.
The experiments are conducted on the samples with varying
incident angle as 80°, 90° and 100° from horizontal parallel
plane to work piece. Along with this the laser welding speed
are varying from 25 mm/sec, 28 mm/sec and 30 mm/sec effects
are analyzed. The result shows that there is a significant change
in the strength and deformation of the joint by growing the
beam incident angle with constant beam power of 2200W and
changing welding speed. In order to understand the effect of the
laser angle on the microstructure of the heat affected zone,
FESEM is performed on tested samples from tensile tests.

Keywords: Transformed Induced Plasticity (TRIP) Steel, Nd:
YAG laser welding, Laser incident angle

1. INTRODUCTION

Latest innovations in the automotive industry have been taking
place, with the primary goal of reducing manufacturing costs
and improving the fuel economy. This is achieved by using two
approaches: the use of recent technology for joining methods
and the use of other advanced materials. In fact, welding is one
of the major processes for the manufacture of auto-body and
associated welded parts, fabricate the body-in-white in car
manufacturing sector [1-3]. In the automotive industry, there
are a variety of joining technologies used for welding processes
such as TIG, MIG, ARC welding, hybrid welding, but one of
the new methods is laser welding. Laser beam welding is
flexible, provides low heat input and results in high welding
speed and productivity. Hence now it is widely used in
industrial production. The high energy density and low heat
input process resulting in a restricted heat input process are Nd:
YAG laser beam welding with a continuous wave resulting in
a small heat-affected zone (HAZ). The efficiency of the
welding depends mainly on the mechanical properties, the
geometry of the welding bead and the distortion of the welded
joint [4]. All these consistency features are directly related to
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the parameters of welding. The cooling rate of the weld puddle
chamber is so high that the width of the confluence area (d/s) is
slightly deformed [5-6]. Such benefits make laser welding one
of the key-hole welding processes that are important In the
automotive industry, In order to achieve reduced weight and
increase fuel efficiency, advanced high-strength steels
(AHSSs) have been commonly used [6].Third generation
AHSS not only offers good formability compared to first and
second generation AHSS, but also saves costs [7-8].

LBW has decreased the weight of the Airbus A300 series
structures by 5% and has also been used to link some parts of
the fuselage [1].

However, high-strength laser welding has become difficult due
to the complex state of the metal during Laser welding. If
during welding by Laser there are extremely high speeds of
heating and cooling, on welded connections there can be much
smaller accumulation of a design that influences softening of
welded connections [9-11]. During the laser welding process, a
small part of the energy of the incident beam is absorbed
directly by the metal due to surface reflection and/or conversion
through the keyhole. Thus, the energy of the event laser beam
can not be used directly to receive heat or t 0 measure the size
of the heat cycle [12]. The characteristics of the joints, such as
the penetration depth and the width of the beads, are increased
by increasing the range of the laser incident angle while the
length of the bed is reduced accordingly. Even the shape of the
welded spot and the size is totally dependent not only on laser
power, but also on the laser incident angle [13-14]. The
intensity of absorption of laser radiation at welded joints is
significantly influenced by the laser incident angle of light
radiation. In addition, by limiting the welding size and the
rotation of the laser head, the angle of incidence is reduced. It
is evident from the literature that very few researches has raised
combined issue of the effect of laser incident angle and laser
velocity [15-20]. In view of this, in this research, the effect of
the laser incident angle on the properties of the butt weld joint
have been studied. The joint is made from Nd : YAG laser beam
welding and has an effect on the ultimate tensile strength and
deformation of the joint is investigated. Along with this depth
of the joint, the impact of the laser incident angle with
discontinuity in the joint was addressed. The joint
microstructure in the Heat Affected Zone is also addressed
along with the results of the EDS.
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Fig. 1 Experimental set Laser welding machine.

2. MATERIALS AND EXPERIMENTAL PROCEDURES

The experiment is carried out on Transformed Induced
Plasticity (TRIP) Steel with major constituents of elements
represented in our previous publications. The joint is prepared
according to ASME E8 Standards which is supplied by
Nextgen Steels and Alloys Company in cold drawn sheet form
with 2 mm plate thickness and test specifications for
performing test is as shown in the Fig. 2. The chemical
compositions, mechanical properties of the materials are the
same as mentioned in previous publications [23]. The joining
of material is done using GmbH 56218 (Karlich Germany)
laser system with Nd:YAG Laser power welding systems with
50-60HZ frequency three phase with maximum power is 13.5
KW along with 400-480 V supply capacity. The mechanical
testing (Universal Testing) has been done using SAR Testing
machine with +1% precision accuracy with SAR Testing
System of Model No. STS 248 with operating speed as 5
mm/min. The chemical composition of materials is as tabulated
in the table 1. Optical microscopy (Reichert, Austria) and field-
emission scanning electron microscopy (make ZEISS model
Gemini SEM 450) were used together with EDS on
Transformed Induced Plasticity (TRIP) steel for
characterization of microstructure analysis and content-
associated components.

Fig. 2 Dimension of specimen used for mechanical testing.

Table 1. Chemical composition of base materials

Element C Mg Si Ni Mb P Al

% 0.04-0.05| 0.1-0.3 | 0.0.2-0.03 | 0.033 <0.01 |0.01-0.03| <=0.1

3399

Table 2. Chemical Composition of base materials

Fe K 2

Mg K 1025
= 1.1s
A 1.1s
Mé 207
Af 1027

Total 100.00

The welded samples are as shown in Fig No. 3. The fig. 3a
shows the welded sample with the front plane of which clearly
shows the welding plane and in Fig. 3b shows Back side of the
plate which is shown condition of welding to the bottom end.
The samples are prepared using different laser incident angle as
80°, 90° and 100° measure with respect to work holding table.
Along with this velocity of laser is changed from 25 mm/sec,
28 mm/sec and 30 mm/sec and experiment was conducted
which are in the form of butt weld joint. The few of the samples
are as shown in the fig. 3.

Fig. 3 Samples considered for testing purpose a) Indicates front
side/Plane of sample on which laser welding has done and
b) back side of same samples

3. RESULT AND DISCUSSION

The results of the experiments are divided into three parts:
metallurgical analysis, microstructural analysis and mechanical
analysis. In the metallurgical examination of the plate, the
effects of FESEM on the heat affected zone (HAZ) are carried
out after the test has been carried out. Using the Minitab
software, the findings plotted in the mechanical analysis have
been plotted and discussion has taken place.

3.1 Metallurgical Analysis

The samples were developed by wire-cutting after welding and
followed by normal grounding and polishing processes after
welding. The appearance of the welds and the crosses were first
examined using an optical microscope and the cross sections
were then inspected using ZEISS Gemini SEM 45050 for SEM
with EDS analysis.

It was observed from the results that the major Constituents in
the samples are ferrous, oxygen, carbon along with aluminium
which have high peaks of 58.24%, 12.56%, 4.29% and 10.27%
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respectively as shown by percentage weight and confirmed in
fig.4

Full scale counts: 219 Base(454)

Fe

Fe

Mg

Fig. 4 EDS result of the sample shows constituents of
elements.

3.2 Microstructure Analysis

The effect of laser incident angle by varying laser incident
angle is as shown in the Fig.5. As the laser incident angle is 80°,
the structure of material after tensile strength is shown in Fig.
5a, the ultra fine lamellar structure of austenite resulted in a
Base Metal. No soft HAZ chains were observed in the
background, probably due to martensite reduction in Base
Metal, as the heat affected zone reduction was attributed to the
martensite content and direct temperature in Base Metal [22].
The laser incident angle is changed form 80° to 90°, the
structure and grain size of steel varied and the fractured surface
demonstrated ductile type of fractures as like as a velocity [23].
From the above results it can be understood that there, it can
cause oxides a nitrate component is formed during the welding
process [24]. The angle of inclination of 100°C of the laser is
similar to that of a small low angle, as shown in Fig. 5¢, shows
a structure with large openings in relation to the light source. A
differential test of 90°, wider voids and 80° with greater voids
as shown in Fig.5a, and 5b, and keeping laser power is 2200 W
constant.

a

Fig. 5 FESEM result of the sample shows with conditions as
a) 80° Laser Incident angle b) 90° Laser Incident angle ¢) 100°
Laser Incident angle
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As the power is kept constant as 2200 W the variation was
rendered in the velocity and the angle of Laser incident and the
quality of the joint as shown in the Fig. 6. As per the above Fig.
6 the position 1 and 2 instances where the blow holes are
created in case 1 and edge points are not welded only because
of the inclination of the laser gun, but for instance 2 the welding
was done through the section. As for instance 3, all the errors
are removed and the joint was looking good with no holes and
no gaps at edges. Thus, in the case 4 and 5 the velocity was
reduced to 25 mm/s and the angle increased to 100°, welding
was spread over space but includes blow holes and the velocity
was increased to 30 mm/s and the angle increased to 90°, the
same thing was observed. The joint motion/orientation and
joint formation is therefore entirely dependent on the process
parameters of the system. Westerbaan et al.[19] find that
contoured welding defects have decreased the tensile strength
of the welds, as has also been reflected in these experiments..

Fig. 6 Quality of the weld developed using changing process
parameters of laser welding as 1) velocity as 28 mm/sec and
laser incident angle as 80° 2) velocity as 28 mm/sec and laser
incident angle as 100° 3) velocity as 25 mm/sec and laser
incident angle as 90° 4) velocity as 25 mm/sec and laser
incident angle as 100° 5) velocity as 30 mm/sec and laser
incident angle as 90°

3.3 Mechanical Analysis

The test was carried out using Universal testing machine and
the graph load verses displacement has shown in fig. 7. As the
angle of the incident laser varies the shape of the curve is
changed accordingly. The load-bearing capability of the joint is
reduced as the laser incident angle has increased from 80° to
90° to 100°.

The ultimate tensile strength determined in the system is 549.20
N/mm? for 80° while that value has been improved to 504.11
N/mm? for 90° laser incident angle. Although the laser incident
angle has shifted to 1000, this value has reached 436.69 N/mm?,
Percentage elongation also decreased from 9.2% to 6.3% to
4.5%. In the fig. 7(a) the curve has been extended until the full
load has been extracted so, it indicates that a certain amount of
joint strength is still present in the joint after the final peak point
having laser incident angle 80 degree while, in the case Laser
incident angle 90° as shown in Fig. 7(b), the elongation curve
has been limited to a certain level of load, i.e. 6100N
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approximately, while in the case of a laser incident angle of
100° as seen in Fig. 7(c) break off line 8750 N after the load has
not been supported by the joint. It is obvious that, as the
incident laser angle increased from 80° to 100°, the ultimate
tensile strength and elongation decreased. As the laser incident
angle is going to increase Ultimate tensile strength behaves in
opposite way as shown in Fig. 8. In the surface plot of the
conditions, some unevenness has been found in Fig 8(a) and
this may be due to the velocity of the laser gun. The fracture
specimens are as shown in Fig .9. The broken part of the 80°
TRIP sample was found to be high breaking. In combination,
small gaps appear at 90° incident angle, while large gaps appear
at higher degrees of laser incident angle as 100° as all the
samples has broke at weld section it means that the joint section
has weaken than that of the base metal. Almost all the pieces
were destroyed in the portion of the Fusion field. So if the
hardening and quenching process were to strengthen the
properties of that portion, it would be more successful.
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Fig. 7b Load vs displacement graph for different welding

conditions 90° Laser Incident angle
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Fig. 7a Load vs displacement graph for different welding
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Fig. 7c Load vs displacement graph for different welding

conditions 80° Laser Incident angle
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Fig. 8 a) Surface plot and b) Contour Plot for Laser Incident Angle vs Ultimate tensile strength and Displacement
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Fig.9 Tested samples after performing test on machine

4. CONCLUSION

In summary, Laser welding produced using Nd:YAG laser
produce a reasonable on strength of the joint. The Laser
Incident angle has changed from 80° to 100° the structure and
grain size of steel varied and the ductile fractured surface
demonstrated also the laser incident angle has changed from
80° to 90° the strength of the joint was reduced up to 8.2% while
angle is again changed to 100° the considerable effect was
observed as 20%. The deformation has also changed up to 31%
in case of 90° while 51.09% in case of 100° laser incident angle.
As far as concern to the quality of the weld laser incident angle
changes with respect velocity, voids and blow holes are
observed on the steam line of weld. There are some other
process parameters which play a vital role in improving the
efficiency of the joint and required optimizing parameters for
Laser welding such as Laser Beam Power, Focal distance,
Laser

Beam Diameter, Types of laser etc.

ACKNOWLEDGMENTS

The authors are grateful to Mr. Harshad Natu of Magod Fusion
Technologies Pvt. Ltd. (MFTPL) Pune for his useful assistance
in setting up laser welding equipment

REFERENCES
(1]

N. Siva Shanmugam, G. Buvanashekaran, K.
Sankaranarayanasamy and K. Manonmani, Influence
Of Beam Incidence Angle In Laser Welding Of
Austenitic Stainless Steel Using Finite Element
Analysis, Multidiscipline Modeling in Mat. and

Str.5(2009)257-262

Matlock DK, Speer JG, De Moor E, Gibbs PJ. Recent
developments in advanced high strength sheet steels

(2]

3402

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

for automotive applications: an overview. Jestech
2012;15(1):1-12.

Wei Zhang, Shanglu Yang, Zhe Lin , Wu Tao Weld
morphology and mechanical properties in laser spot
welding of quenching and partitioning 980 steel
Journal of Manufacturing Processes 56 (2020) 1136—
1145

L. Romolil & C. A. A. Rashed2, The influence of
laser welding configuration on the properties of
dissimilar stainless steel welds, Int J Adv Manuf
Technol, DOI 10.1007/s00170-015-7234-8

Chen GY, Mei LF, Zhang MJ, et al. Application and
research of laser processing automobile body
manufacturing. Laser & Optoelectronics Progress
2009;46: 17-23

Genyu Chen, Lifang Mei, Mingjun Zhang, Yi Zhang,
Zujian Wang Research on key influence factors of
laser overlap welding of automobile body galvanized
steel, Optics & Laser Technology 45 (2013) 726733

Saheed B. Adisa, Irina Loginova , Asmaa Khalil and
Alexey Solonin Effect of Laser Welding Process
Parameters and Filler Metals on the Weldability and
the Mechanical Properties of AA7020 Aluminium
Alloy J. Manuf. Mater. Process. 2018, 2, 33 page no.
1-12

De Siqueira, R.H.M.; de Oliveira, A.C.; Riva, R
Abdalla, A.J.; Baptista, C.A.R.P.; de Lima, M.S.F.
Mechanical and microstructural characterization of
laser-welded joints of 6013-T4 aluminum alloy. J.
Braz. Soc. Mech. Sci. Eng. 2014, 37, 133-140.

Luo J, LiuDJ, YinDK, Yang J F, Zhang YCand
Akiyama T 2011 Influence of welding power to the
microstructure and properties of 304 stainless steel
sheet joints inCO2 laser welding Rare Met. Mater.
Eng. 40 106-10

Wang JM, Wang J, ZhuXZ and CuiHJ 2011 Research
on weld-line movement and thickness of different
thickness TWBs in hydro forming deep drawing Hot
Working Technology 40 118-20

Montgomery A, Wild P and Clapham L 2004 Defect
characterisation using magnetic flux leakage
inspection of tailor-welded blanks Insight — Non -
Destructive Testing and Condition Monitoring 46
260-4

Mingsheng XIA,1,2) Elliot BIRO,3,4) Zhiling
TIAN2) and Y. Norman ZHOU1 Effects of Heat Input
and Martensite on HAZ Softening in Laser Welding
of Dual Phase Steels ISIJ International, Vol. 48
(2008), No. 6, pp. 809-814

Yi-Chun Liao, Ming-Huei Yu, Effects of laser beam
energy and incident angle on the pulse laser welding
of stainless steel thin sheet, Journal of Materials
Processing Technology 190 (2007) 102-108

B. N. Reddy, P. Hema, G. V. Vardhan, G.



International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 11 (2020), pp. 3398-3403
© International Research Publication House. https://dx.doi.org/10.37624/IJERT/13.11.2020.3398-3403

Padmanabhan, “Experimental Study of Laser Beam
Welding Process Parameters on AlSI 4130-309 Joint
Strength”, Materials Today: Proceedings, vol. 22,
(2020), pp. 2741-2750.

[15] Nikhil Kumar, Manidipto Mukherjee, Asish
Bandyopadhyay, Study on laser welding of austenitic
stainless steel by varying incident angle of pulsed
laser beam, Optics and Laser Technology 94 (2017)
296-309

[16] S. Chen, J. Huang, J. Xia, X. Zhao, S. Lin, Influence
of processing parameters on the characteristics of
stainless steel/copper laser welding, J. Mater. Process.
Technol. 222 (2015) 43-51.

[17] U. Reisgen, M. Schleser, O. Mokrov, E. Ahmed,
Optimization of laser welding of DP/TRIP steel sheets
using statistical approach, Opt. Laser Technol. 44
(2012) 255-262.

[18] Y. Ai, P. Jiang, X. Shao, C. Wang, P. Li, G. Mi, Y.
Liu, W. Liu, A defect-responsive optimization method
for the fiber laser butt welding of dissimilar materials
Mater. Des. 90 (2016) 669—681.

[19] Westerbaan D, Parkes D, Nayak S S, et al. Effects of
concavity on tensile and fatigue properties in fibre
laser welding of automotive steels[J]. Science and
Technology of Welding and Joining, 2014, 19(1): 60-
68

[20] Ting Liua , Xiaohong Zhana,, Yangiu Zhaoa, Muyan
Baib, Xingru Gongb, Study on 2219 aluminum alloy
T-joint during dual laser-beam bilateral synchronous
welding : Effect of the welding speed and incident
beam angle on grain morphology, Optics and Laser
Technology 119 (2019) 105594
https://doi.org/10.1016/j.optlastec.2019.105594

[21] 1Z.B.Yang, W. Tao, L.Q. Li, Y.B.Chen, F.Z. Li, Y.L.
Zhang, Double-sided laser beam welded T-joints for
aluminum aircraft fuselage panels: Process,
microstructure, and mechanical properties, Mater.
Design 33 (2012) 652-658.

[22] M. Xia, E. Biro, Z. Tian, Y.N. Zhou, Effects of heat
input and martensite on HAZ softening in laser
welding of dual phase steels, 1S1J Int. 48 (2008) 809—
814

[23] .R.S. Khot, T. V. Rao, A. Keskar, H. N. Girish and P.
Madhusudan, “Investigation on the effect of power
and velocity of laser beam welding on the butt weld

joint on TRIP steel”, Journal of Laser Application,
vol. 32, (2020), pp. 012016.

[24] H. K. D. H. Bhadeshia, “Problems in the welding of
automotive alloys,” Sci. Technol. Weld. Joi. 20, 451—
453 (2015).

3403



