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 ABSTRACT 
Ultrasonic bonding is currently used to produce membrane-electrode assemblies 

(MEAs) of active area 45 cm2. It is desired to make MEAs in sizes suited to CHP 

systems and therefore scaling of the process is required. 

Currently, the ultrasonic bonding process is not well understood. It is desired to 

model the process so that the temperature profile during the bonding process 

can be predicted, allowing the prediction of bond formation. To achieve this, it is 

necessary to characterize the viscoelastic properties of the MEA in terms of the 

response to a force input. Modeling the bonding process allows confirmation of 

the response of a given set of parameters and allows the reduction in the 

number of tests performed to optimize the parameters for bonding. 

In order to produce the larger MEAs necessary to determine the effectiveness of 

the bonding process, the larger tooling necessary to produce 140 cm2 MEAs was 

designed and built. After production of the larger MEAs, each MEA was tested 

using the standard BASF test procedure. The pol curves produced by the 

ultrasonically bonded and thermally bonded MEAs were compared to the 

specification given by BASF. The voltage performance of the ultrasonically 

bonded MEAs was found to match that of the thermally bonded MEAs. However, 

neither set of pol curves matched the specification provided by BASF, indicating 

poor hardware performance. 

The model was developed by studying the viscoelastic behavior of the MEA 

components under compression, using this to create the model that best 

matched the behavior. Next, the actual compression and damping properties 

were measured and used to complete the model. Additionally, the forced 

oscillation output from the welder was modeled and used as the input to the 

viscoelastic model. Principles of vibration modeling were used to determine the 

material response when set into forced oscillation. The model was shown to be 



inconclusive in that it did not give the expected type of output but appears to 

characterize the behavior of the system. 

It can be concluded that the ultrasonic bonding process produces MEAs with 

polarization curves comparable to those produced by thermally pressing. The 

low voltage seen in both sets of pol curves is theorized to be a result of poor 

hardware or process design. The vibrational model indicates the difficulty with 

modeling a complex system, and the results were inconclusive. 

 


