
Mandal et al. : An Experimental Investigation on Laser Beam Welding of Acrylics 

An Experimental Investigation on Laser Beam 
Welding of Acrylics 
Rajib Kumar Mandal1, Asish Bandyopadhyay2 and Santanu Das3* 
1,3Department of Mechanical Engineering, Kalyani Government Engineering College, 

Kalyani- 741235, West Bengal, India 
department of Mechanical Engineering, Jadavpur University, Kolkata- 700 032, India 
* Corresponding author E-mail : sdas.me@gmail.com 

ABSTRACT 

Laser beam welding (LBW) is nowadays increasingly used in the fabrication industry due to some of its distinct 

advantages. LBW offers high energy density around its focus thereby making it well suited for welding of 

certain category of materials that are considered difficult-to-weld. Since the laser follows the principles of 

optics, it is easy to regulate the laser beam by selecting appropriate lenses. In the present work, laser beam 

welding (LBW) is carried out to make lap joint of two acrylic flats- one opaque and the other transparent. Laser 

beam passes through the transparent piece of plastic flat and is focused on to the opaque flat around the 

interface region. Laser beam gets absorbed in the opaque flat in the interface region and generates heat 

energy causing local melting, and subsequent welding of both the flats. Clamping pressure is varied four times, 

and two levels of current flow and scanning speeds are set to find out a condition corresponding to sound, 

strong weld joint within the experimental domain. Good quality joint between transparent and opaque acrylic 

components with high weld strength of 8.33 MPa is obtained under 280 mm/min scanning speed and 2 MPa 

clamping pressure with 34 A weld current set, and hence, this condition may be recommended to apply to 

obtain enough weld strength. 
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1.0 INTRODUCTION 

Laser beam welding (LBW) is nowadays increasingly used in 

welding of typical metallic and non-metallic components due to 

its distinct advantages because of its high energy density 

characteristic [1-3]. This high energy density welding method 

has been applied for successful welding of different metals and 

alloys, such as manganese alloys [4], titanium alloys [5], 

aerospace aluminium alloys [6], powder metallurgy 

components [7], etc. Different types of polymers have been 

experimented [8-11] to find out the optimum parametric 

conditions corresponding to a flawless, strong weld. Process 

modeling through computational techniques has also been 

tried [9,11,12]. Laser beam welding research has also been 

extended to dual beam welding for large heat input [13], under 

water welding in dry process [14], etc. Monitoring of laser 

welding through imaging has also been explored [15] in some 

other work. 

In laser beam welding of acrylic, high energy laser is focused 

on two overlapping thermoplastic flats, one of which is 

transparent and the other is opaque. The laser beam 

penetrates the transparent plastic and heats up the absorbing 

opaque part. Heat is conducted from the opaque absorbing flat 

to the transparent flat, allowing both materials to melt to 

create a bond. The bonding between the two components 

occurs by the interpenetration of the molecular chains in this 

area, that is promoted by fluidity of acrylic during welding [3,8, 

16-18]. This method is named as through transmission laser 

welding. Acrylics are used widely in typical applications due to 
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their light weight, more impact-resistant than glass, rigidity, 

good weather resistance, etc. Hence, sound joining of acrylics 

through welding is much needed. 

Effect of different process parameters on good quality laser 

transmission welding of polymers was explored many 

researchers. Acherjee et al. performed [18] experiments on 

joining acrylic (polymethyl methacrylate) specimens by 

varying laser power, welding speed, size of the laser beam and 

clamp pressure, with regard to its lap-shear strength and weld-

seam width. Misra et al. carried out [11] finite element analysis 

to simulate laser transmission welding of polycarbonates to 

facilitate selection of suitable process parameters to obtain a 

sound weld. Casalino and Ghorbel did [9] numerical modeling 

of C02 laser welding of thermoplastic polymers to facilitate 

selection of appropriate process parameters. Sung et al. 

evaluated [10,19] the effect of laser beam for plastic adhesion. 

In their work, three adhesion parameters, such as input power 

level, working time of laser beam and pulse per second, were 

systematically adjusted for suitable adhesion. Relationships 

between adhesive surface by laser beam and above three 

parameters were found out. Barma et al. studied [8] 

experimentally to investigate the weld joint characteristics of 

acrylic components under different scanning speed, current 

and clamping pressure combinations. They evaluated some 

parametric combinations to achieve desired weld quality. 

On the other hand, Sabah and Mohammed [20] experimented 

on C02 laser welding of two different types of high density 

polyethylenes. They found penetration depth to increase with 

increasing laser output at a constant welding speed. Also a 

relation between spot width and depth calculated using 

MATLAB software program was explored. Mingareev et al. [21] 

investigated on relations between laser process conditions and 

dimensions and quality of the seam by means of optical and 

phase-contrast microscopy using thulium fibre laser radiation 

of 2 mm wave length. Laser welded polyethylene samples 

revealed a tensile strength of greater than 80% of the bulk 

material strength. In another work, Apostol et al. [22] used 

Finite Element Analysis on a single pass butt welding model to 

illustrate distortion and residual stress field developed in the 

thermo-elastic-plastic weld made by laser beam. They found 

residual stresses and distortion to increase with that of power, 

and to decrease with increase in speed. There was a reduction 

of residual stress and distortion as spot diameter increased. 

In a recent research work, Bates et al. [23] made a thorough 

investigation on the reflectivity, transmissibility and 

absorptivity of laser beams in transmission laser welding. They 

introduced a tapered channel, within which if laser 

transmission welding is done, reflection of laser beams is 

restricted to a substantial amount. If glass fibre reinforcement 

is done within transparent part, reflection of laser beams can 

be reduced greatly due to multiple reflections made by 

different orientations of glass fibre pieces, reported. 

In the present investigation, three process parameters such as 

scanning speed, clamping pressure and current are varied to 

find out the condition giving sound lap welding of acrylic 

specimens- one transparent and the other opaque, with 

enough tensile shear strength using laser beam welding. 

2.0 EXPERIMENTAL CONDITIONS AND PROCEDURE 

The laser unit system used in this work is based on diode laser 

system with a CNC Controller. The experimental set up is 

schematically shown in Fig.l. The laser can have repetitive 

operating current less than 60 A with pulse frequency of 

0.25-10 kHz. The 30 W lasing system is of spectral width of 

1.69 nm, beam divergence of less than 0.20 numerical 

aperture (N.A.) and beam diameter of 800 urn with a 

wavelength of 809.40 nm. 

Flats of transparent and opaque polymethyl methacrylate, 

popularly known as acrylic, have been taken as work materials. 

Photographs of these two types of specimens are shown in 

Fig.2. Size of the two workpieces is 70 mm x 30 mm x 2 mm. 

Opaque acrylic specimens are procured from market with 

carbon black mixed in the transparent acrylic. First, the 

specimens are cleaned to remove the moisture and dust 

particles which cause improper weld joint. The transparent 

piece is put at the top most position for transmitting the laser 

beam through it. The absorbable opaque material is placed at 

the bottom position to absorb the laser to produce heat as 

shown in Fig.l. 20 mm overlap between these two materials is 

provided. Standoff distance is kept at 30 mm. The process of 

contour welding is utilized for this arrangement. The laser head 

is moved through the transverse section of the overlapping 

samples as illustrated in Fig.3. 

As laser plastic welding is reported [10] to require appropriate 

clamping pressure system to facilitate good quality welding. In 

the present work, clamping pressure is varied to find its 

suitable value. Uniform pressure on to the welding zone is 

provided to reduce the defect due to improper holding of the 

specimens. Suitable mechanical clamping pressure is applied 

hydraulically to specimens for proper contraction between 

surfaces of both types of plastic materials. Clamping pressure 
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Fig.2: Photograph of (a) transparent and 
(b) opaque acrylic flats 

promotes inter-mixing of the materials during welding. The 

pressure is applied by the hydraulic pump through the 

hydraulic jack within the range of experimental domain. A 

welding fixture is used to maintain the overlap constant for 

every run. Details of three variables, such as scanning speed, 

clamping pressure and current are set according to the design 

matrix as detailed in Table 1. Scanning speed and current flow 

are varied twice. Scanning speed of 240 mm/min and 280 

mm/min, and current flow of 31 A and 34 A are considered, 

when clamping pressure is varied at four levels of 2 MPa, 3 

MPa, 4 MPa and 5 MPa in this work. 

Width of the weld zone plus HAZ (heat affected zone) has been 

measured under a Mitutoyo, Japan make tools makers 

microscope. This width is the total width of welded portion and 

heat affected zone at both the sides of weld zone. This width 

consists of the zone of melting and mixing along with the heat 

affected zone that is responsible for determining the strength 

of bond. Using a Metzer, India make metallurgical microscope, 

microstructure of the welded specimen is observed through 

viewing it from the top of the transparent acrylic specimen. 

Next, tensile shear strength of the lap welded joint has been 

evaluated through tensile shear tests with the load applied 

perpendicular to the weld direction as shown in Fig.4. These 

tests have been done at National Test House, Kolkata. 

3.0 RESULTS AND DISCUSSION 

In the present investigation on lap welding of plastic acrylic 

flats, three parameters like scanning speed, current flow and 

clamping pressure are varied to find out their influence on 

welding. A typical laser beam welded lap joint (obtained in 

experiment run 13) is shown in Fig.3. Width of the weld zone 

plus HAZ (heat affected zone) as measured under a Mitutoyo, 

Japan make tools makers microscope, is given in Table 1. 

The melting and mixing area is bounded by deep white 

longitudinal marks which is the affected region by weld heat 

along both the two boundaries as shown in Fig.5. 

Typical microstructure of weld specimen No. 8 (Fig.6(a)) 

shows the extent of mixing of both transparent and opaque 

acrylic materials. Small amount of mixing of transparent acrylic 

with that of opaque acrylic can be observed from Fig.6(a). For 

this, tensile shear strength obtained at this experimental run is 

moderate, and this value is 3.23 MPa. Black and white spots are 

corresponding to opaque and transparent acrylic specimens. 

Gray spots are due to intermixing of opaque and transparent 

grains. When the microstructure of a weld bead contains 
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Table 1 : Observation table 

SI. 
No. 

Scanning 
Speed 

(mm/min) 

Current 
(A) 

Clamping 
pressure 
(MPa) 

Width of 
Weld + HAZ 

(mm] 

Load 
(N) 

Tensile 
shear 

strength 
(MPa) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

240 

240 

240 

240 

240 

240 

240 

240 

280 

280 

280 

280 

280 

280 

280 

280 

31 

31 

31 

31 

34 

34 

34 

34 

31 

31 

31 

31 

34 

34 

34 

34 

2 

3 

4 

5 

2 

3 

4 

5 

2 

3 

4 

5 

2 

3 

4 

5 

1 

1 

1 

1 

1 

1 

1 

1 

2.34 

2.7 

4.43 

2.19 

2.06 

2.48 

3.23 

2.30 

700 

800 

470 

568 

680 

570 

534 

484 

750 

500 

550 

560 

1000 

600 

820 

540 

5.83 

5.93 

3.48 

5.41 

4.12 

3.45 

3.24 

3.23 

5.56 

3.33 

3.06 

4.67 

8.33 

5.0 

5.47 

3.0 

uniformly dispersed white, gray and black spots, tensile 

strength of the weld is expected to be high. From Fig.6(b), it is 

observed that there is comparatively high mixing of white, gray 

and black spots than the microstructure shown in Fig.6(a). As 

a result, high tensile shear strength of 8.33 MPa is achieved for 

specimen No. 13. Therefore, uniform mixing of opaque and 

transparent parts is desired to obtain high joint strength. 

Influence of laser beam welding parameters, like clamping 

pressure at two different scanning speed and current flow is 

explored in this work. Variation of width of weld plus HAZ with 

four levels of clamping pressure at current flow of 31A and 34 

A and scanning speeds of 240 mm/min and 280 mm/min are 

indicated in Table 1. It is seen that width of weld plus HAZ is of 

only 1 mm at a scanning speed of 240 mm/min under all the 8 

experimental runs. At a lower clamping pressure, larger load 

could be withstood by the weldment, and correspondingly, 

larger tensile shear strength could be obtained. At 31A current 

and at clamping pressure of 2 and 3 MPa, tensile shear strength 

of 5.83 MPa and 5.93 MPa could be achieved respectively, while 

at 34 A current and 2 MPa clamping pressure, as high as 4.12 

MPa tensile shear strength could be obtained. 

However, at a higher scanning speed of 280 mm/min, width of 

weld zone plus HAZ is found to be remarkably higher. At 31A 

current flow and lower clamping pressure of 2 MPa, higher 

tensile shear strength of 5.56 MPa could be had that at the 

other clamping pressures of 3,4 and 5 MPa. When current flow 

was somewhat higher at 34 A, higher tensile shear strength of 

8.33 MPa has been achieved than that at higher clamping 

pressure set. 

From the above results and discussion, it can be stated that at 

high current flow of 34 A and low scanning speed of 240 

mm/min, maximum heat input is there at the weld, and at this 

condition, less tensile shear strength is obtained. On the other 

hand, at 31 A current and 280 mm/min scanning speed, 

minimum heat input is there and correspondingly less tensile 

shear strength is attained. At the moderate heat input with 34 

A current flow and 280 mm/min scanning speed, high tensile 

shear strength is achieved, and this may be considered to the 
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Weld region 

Fig.5 : Photographic view of a typical weld seam 

Fig.3 : Typical plastic laser welded specimen (No. 13) 
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Fig.4 : Tensile shear test specimen indicating 
application of shear force 

optimal experimental condition at low clamping pressure of 2 

MPa. 

4.0 CONCLUSION 

In this experimental work, investigation is made on laser beam 

welding of transparent and opaque acrylic specimens at 

varying clamping pressure, scanning speed and current. 

(a) (b) 
Fig.6: Microstructure (X25) of weld seam of 

(a) specimen No. 8 obtained at 240 mm/min weld 
speed, 34 Amp current flow and 5 MPa clamping 

pressure, and (b) specimen No. 13 obtained at 280 
mm/min weld speed, 34 Amp current flow and 

2 MPa clamping pressure 

Following conclusions may be made from the results obtained 

from the experimental work. 

• Width of weld zone plus HAZ is influenced by the 

variation of scanning speed, current flow and clamping 

pressure. 

• Maximum tensile shear strength of 8.33 MPa is obtained 

at 280 mm/min scanning speed at 34 A current and 2 

MPa clamping pressure. At this case, moderately high 

width of weld zone plus heat affected zone is obtained, 

and quite high fracture load of 1 kN is achieved. Hence, 

this condition may be recommended to adopt. 
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