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Abstract: Similar joining of highly thermal conductive and optical reflective aluminum alloy Al 3003 and SS alloy SS316 for 
hermetic sealing of lithium-ion cell casing application has been investigated using Nd:YAG pulsed laser welding. Microstructural 
investigations were carried out to characterize the welding zone interface by optical microscopy and scanning electron microscopy. 
Industrial X-ray 3D computed tomography was carried out on the welding zone to identify the defects such as spatters, gas voids, 
recast and tapers. It was found that spatters exist in weld zone of SS316L lid and case and show higher hardness (HV 200-210) in the 
weld area compared to the base metal (HV-175-10) due to fine-grained microstructure. In the case of Al 3003, the laser welding 
parameters were optimized to obtain 100% joint efficiency with defect free weld zone, and the hardness behavior was dictated by 
grain size and annealing effects. Furthermore, the welded casings of the cylindrical cells of Li-ion battery were subjected to He-leak 
detection to ascertain the hermiticity.  
 
Key words: Laser welding, lithium-ion batteries, aluminum alloys, hardness, microstructure, X-ray 3D computed tomography, 
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1. Introduction 

Lithium-ion (Li-ion) batteries have emerged as the 

most promising power sources for electric 

vehicles/hybrid electric vehicles (EVs/HEVs) due to 

their high energy density, high specific power and 

long cycle life [1-3]. Li-ion cell fabrication process 

involves the assembly of various components. 

Electrodes (cathode and anode) are fabricated using 

current-collector foils (Al and Cu) and are wound 

together followed by injection of electrolyte to build 

the electrochemical system. Due to the reactive nature 

of the electrolyte and other cell components, the 
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Li-ion cell components have to be closed in a 

hermetically sealed casing (or can/container) after 

assembly.  

Cell casing materials are typically made up of 

stainless steel, nickel-plated mild steel, aluminum and 

its alloys. Several factors such as mechanical 

properties and casing material weight determine the 

applicability of casing materials for hermetic sealing. 

The energy density of the battery in EVs is dictated by 

the total weight, including casings. Aluminum, due to 

its lower density, is preferred as a light-weight choice 

for EV batteries [4]. However, for long term operation 

under harsh conditions and safety requirement, 

stainless steel is more suitable material for battery 

casing, due to its excellent performance in crash 

energy management, higher strength and excellent 
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corrosion resistance and relative ease of weld 

processing [5, 6]. Laser welding provides several 

process advantages like high welding speed, 

consistent weld quality and ability to weld dissimilar 

materials, and precisely weld with low heat input 

which makes it an attractive choice for sealing the 

battery casings. The latter is especially critical for 

battery application since the weld process should not 

cause heating of the battery materials that would lead 

to performance degradation [7]. Due to the narrow gap 

requirement for the laser welding process, tight 

tolerances and part fit-up are essential for successful 

sealing. While several studies on structure-property 

relationships of stainless steel laser welds have been 

reported [8, 9], specific investigations of laser welding 

process for battery casings with analysis of 

microstructure-mechanical property correlations are 

not available. In this work, Nd : YAG laser welding of 

two candidate materials for Li-ion battery casings, 

namely, stainless steel (SS) 316L and aluminium (Al) 

3003 alloy, are investigated with an aim to optimize 

the process parameters and provide material 

recommendations for EV battery casings. The results 

from this work, while focused on Li-ion batteries, can 

also be applied to other problems where hermetic 

sealing of stainless steel or aluminum parts is critical.  

2. Experimental 

In this study we have used a Nd:YAG pulsed laser 

system for welding of SS316L and Al 3003 alloys. 

The work station of the laser system is shown in Fig. 

1. 

Sheet materials of SS316L (0.5 mm thick) and 

aluminum alloy 3003 (1 mm and 2 mm thick) were 

used for laser welding processing and 

characterization. The nominal chemical composition 

of SS 316L and aluminum alloy 3003 that were used 

for the present work is given in Table 1. 

 

 
Fig. 1  Schematic diagram of Nd:YAG pulsed laser welding system.  
 

Table 1  Chemical Composition (in wt.%) of the base material.  

Specimen Fe Si Cu  Mn Cr  Ni Mo N P S C Al  

SS 316L Balance 0.75 -- 2.0 17.2 12.8 2.5 0.10 0.045 0.03 0.03 - 

Al 3003 0.35 0.3 0.2 1.2 - - - - - - - Balance 
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For welding experiments, 150 mm × 100 mm sized 

specimens were cut and edges of the plates were 

polished to minimize the gaps between the joint 

surfaces. To remove oxide layer and residuals from 

the surface of the samples prior to welding, wire 

brushing was done, followed by acetone wash. In 

addition, representative cylindrical battery casings of 

SS 316L (33 mm diameter × 60 mm height × 1 mm 

thick) and Al 3003 (33 mm diameter × 60 mm height 

× 2 mm thick) were welded (lid to case) using the 

laser parameters mentioned in Table 2.  

Pulsed Nd:YAG laser (1,064 nm wavelength) was 

used for welding the plates without filler material. The 

laser beam was focused on the samples by a specially 

built optical system consisting of a beam expanding 

telescope (BET) and a lens of 80 mm focal length, 

giving a beam diameter 600 µm at the focal point. The 

focal plane of the laser was positioned at the surface 

of the sheet. Argon shielding gas was fed through a 4 

mm diameter nozzle in the trailing mode configuration 

at a gauge pressure of 2 bar, 18 L/min flow rate at a 

nozzle standoff distance of 3 mm. Initially bead-on-plate 

welds were carried out to optimize the weld 

parameters for laser welding of 0.5 mm thick SS 

316L, 1 mm thick Al 3003 and 2 mm thick Al 3003 

plates.  

The plates were held in place using a fixture and 

argon gas was used as shielding during both the SS 

316L and Al3003 alloys welding to protect the melt 

from oxidation. The k-type thermocouple was used to 

measure the temperature of the cylindrical casing at a 

distance ~5 mm away from the joint during welding. 

After welding, the plates were visually observed for 

gross defects. Samples for microscopy and hardness 

measurements were sectioned in the direction 

perpendicular to the welding direction. Specimens 

were then mounted, polished and etched. An optical 

microscope coupled with image analyzer was used to 

first observe the weld microstructures and make 

measurements of the weld profile. Detailed 

microscopic and elemental analyses were performed 

using a scanning electron microscope (SEM) equipped 

with energy dispersive X-ray spectroscopy (EDS).  

Vickers micro-hardness tests were performed on the 

cross-sectional specimens across the weld zone, 

heat-affected zone (HAZ) and base material with a 

load of 200 gf for SS 316L and 50 gf for Al 3003with 

a spacing of 150 µm between subsequent indents. 

Hermiticity of the cylindrical casings welded using 

optimized parameters in Table 2, were checked by 

He-leak detection system. A tube of 8 mm diameter was 

welded to the lid and a vacuum pump was connected to 

the cylindrical casing through the tube and evacuated 

completely. This setup was linked to the helium mass 

spectrometer (leak detector). The pressurized helium gas 

was sprayed along the weld seam (joint) to check the 

hermiticity of the weld zone. To investigate the depth of 

penetration and defects existing in the weld zone, high 

resolution industrial X-ray 3D computed tomography 

was conducted on the weld casings.  
 

Table 2  Optimized laser welding processing parameters for Al 3003 and SS 316L plates. 

Sample 
Pulse width 
(ms) 

Rep rate 
(Hz) 

Pulse energy 
(J) 

Process speed 
(mm/s) 

Sheet thickness(mm)

SS 316L 10 20 11 7 0.5 
Al 3003 
(Specimen 1) 

8 10 42 4.2 2 

Al 3003 
(Specimen 2) 

5 30 20 8.4 1 

Al 3003 
(Specimen 3) 

5 12 20 3 1 

Al 3003 
(Specimen 4) 

5 12 20 4 1 

Al 3003 
(Specimen 5) 

5 12 20 4 1 
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pack needs to be as light as possible. Further 

investigations on the specific tests for the use of laser 

welded casings for battery applications, such as 

pressure testing, corrosion, are in progress. 

4. Conclusions 

In summary, Nd:YAG laser welding characteristics 

of SS 316L and Al 3003 for Li-ion battery casing 

application were investigated. Weld parameters were 

optimized for butt welding of 0.5mm thick SS 316L 

and 2mm thick Al 3003 plates. SS 316L weld zone 

and HAZ showed higher hardness than the base 

material due to fine-grained microstructure. The joint 

efficiency for SS 316L welds was found to be about 

95%. Al 3003 welds showed a softening behavior in 

the HAZ due to relaxation of strain hardening and 

increased hardness in the fusion zone due to small 

grain size. The joint efficiency for Al 3003 welds was 

nearly 100% which has resulted in an efficient 

welding. Hermetic sealing of battery casings was 

confirmed using He-leak detection tests and X-ray 3D 

computed tomography.  
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