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The interconnection of single battery cells is decisive 
for the performance of battery storage systems.  
Fraunhofer ISE develops and analyzes suitable techno-
logies and processes to improve the electrical contacts 
of battery cells. We aim for a homogeneous current 
distribution, uniform ageing, simple processes and 
long service life. 

Cell Interconnections in Battery Modules

Battery storage systems for solar and wind power, as well as 
for mobile applications, consist of individual battery cells. The 
way in which individual cells are connected to form battery 
modules is crucial for determining the service life and efficien-
cy of a battery storage system. Battery manufacturers face the 
challenge of having to work with the battery cells they receive 
from their suppliers. These cells are becoming larger and 
more efficient. Consequently, the electrical connections must 
become increasingly thicker or more conductive. 

Non-destructive µCT analysis of the joints between copper  

connector and cell case (short-time resistance projection welding)

Progress in Resistance Welding

The materials under consideration require adapted inter-
connection processes. Recently, Fraunhofer ISE developed 
a short-time resistance projection welding process to weld 
copper – without pretreatment – on battery cells. Battery 
manufacturers can continue using proven projection welding 
machinery instead of switching to laser welding. 

Our R&D Agenda

At Fraunhofer ISE we continuously develop and analyze 
suitable topologies, technologies, and processes to connect 
battery cells electrically and mechanically via cell contacting 
systems. To this end, we use industrial and flexible systems for 
resistance and laser welding processes. Practical development 
is supported by the simulation of welding processes using the 
finite element method (FEM). This enables precise predictions 
to be made regarding process parameters and the design of 
cell contacting systems. Besides this, we consider electrother-
mal simulations of battery modules in operation as well as 
the influence of contact resistances and cell positions on cell 
behavior and aging processes.

Our Service Offer 

Process Development for Innovative Interconnec-
tion Concepts
	– Prediction of welding parameters via process 

simulation with FEM 
	– Laser bonding and welding for single-sided 

interconnection
	– Short-time resistance projection welding for 

copper and aluminum
	– Development of separable connection concepts 

Characterization of Welding Processes
	– High-frequent IR and in-contact temperature 

measurement up to 25 kHz 
	– Analysis of welding process data to create a 

database for AI
	– In-situ detection of under- and over-welding 

Mechanical, Electrical and Microstructural Analysis 
of Joints
	– Peel and shear tests 
	– Analysis of fracture patterns
	– Contact resistivity measurement, also on cross 

sections
	– Metallographic analysis using etching tech-

niques, SEM, and EDX
	– Quantification of intermetallic phases and  

temperature effected or diffusion zones 

Non-Destructive Characterization 
	– Scanning Acoustic Microscopy
	– X-Ray inspection and µ-CT imaging

Metallographic cross section of one joint between copper  

connector and cell case after etching to make the grain struc-

ture visible



Technical Facts and Details

When connecting battery cells to form modules, reliable 
joints are essential for homogeneous current distribution and 
high battery efficiency. As experts in this area, we support 
our clients with:

Design of novel joint concepts for production of battery 
modules
Process development for innovative cell interconnects 
made of copper or aluminum
Pilot line production of battery modules with laser or 
resistance welding
Characterization and analysis of welding processes
Non-destructive characterization and microstructure 
analysis of joints
Long-term stability investigations

 
With our R&D, we address the following technical 
requirements:

High reproducibility of joint contacts
Flexible interconnection process for a wide range of  
surface conditions and materials
Lowest possible heat exposure
Precise, in-line joint characterization
Long-term stability even under extreme operating con- 
ditions (temperature, current, humidity, vibrations, etc.)

Contact resistivity measurement on a cross section of copper 

laser welded onto a nickel-plated steel
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