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Under CEM's Department of Energy ARPA-E award,
researchers were challenged to develop an in-home natural
gas compressor that would last 3x as long, and cost 1/10th as
much, as conventional residential natural gas fueling
systems. To meet these objectives, CEM researchers
invented a free piston linear motor compressor shown in
Figure 1.

Figure 1. Linear Compressor Solid Model

This unique compressor design results in a single moving part (the free piston), thus reducing part count considerably when
compared to rotary driven reciprocating compressors. With the team's aggressive compressor cost target of $500, it is critical
that every element of the design be optimized for efficiency. Leveraging prior motor/generator design experience and tools,
CEM performed a detailed linear motor trade study early in the project evaluating cost vs performance to identify the most
efficient and suitable motor design for the compressor application.

CEM also leveraged experience in modeling and controls to develop dynamic simulations of the linear motor coupled to the
reciprocating compressor. As a result of this effort, the CEM researchers were able to quantify the dependency of the overall
compressor efficiency on several factors, such as physical attributes of the compressor and accuracy of the motor control
systems. Understanding how each element of the design affects the compressor efficiency is critical in developing a compressor
that allows for efficient residential natural gas vehicle refueling.

CEM has successfully completed fabrication and gas compression testing of the linear compressor design proving improved
compressor life and durability. Current activities are focused on commercialization of the current concept design, as well as,
leveraging this design to potentially provide motor solutions in other application fields.
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