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Introduction:  Two Stirling cycle engines original-

ly built as stand-alone units were previously modified 

to be a dual-opposed thermodynamically coupled pair
1
.  

They have been operated in this configuration using 

Chroma power supplies to regulate the engines via AC 

bus voltage and frequency control.  A Glenn Research 

Center (GRC) designed Power Management And Dis-

tribution (PMAD) and control system, based on pre-

vious linear alternator work
2
, was built and connected 

to these engines as shown in figure 1.  A test was per-

formed in order to demonstrate that these engines could 

be operated in the same manner as previously demon-

strated with the Chroma power supplies but supplying 

power into a user load.  All phases of operation were 

demonstrated including: engine startup and motoring 

operation, engine stroke and voltage control at nominal 

conditions, user load switching (without affecting en-

gine operation), and engine shut down. 

Figure 1. P2A and PMAD Test Rig 

 

Each P2A engine contained twelve cartridge hea-

ters located on the heater heads.  Two manually con-

trolled Variac power supplies provided independent 

heating control to each engine.  A pair of synchronized 

Chroma AC power sources were used as backup con-

trollers.  A LabView based data acquisition system 

monitored temperatures, pressure, piston amplitudes, 

vibration level, output power, current and voltages. 

The P2A’s were operated using AC bus control.  In 

short, this means, that an oscillator imposed a 50 Hz 

frequency on the AC bus which determined the engine 

operating frequency and voltage.  AC voltage mea-

surements were compared to the voltage command and 

the error signal is modulated at 50 Hz.  This signal was 

then used to control IGBTs in order to provide the cor-

rect voltage and hence control the engines.   

The P2A alternator AC power output was con-

verted to 450 VDC through a bidirectional convertor.  

Motoring power was supplied through this bus upon 

engine start-up.  The 450 VDC was stepped down to a 

120 VDC bus voltage using a DC-DC link.  The DC-

DC link also electrically isolated the Stirling engines 

from the user loads.  The 120 VDC bus contained both 

a 3 kW parasitic load and 2.4 kW of user loads availa-

ble in 400 watt increments.  An overall test schematic 

of this configuration is shown in figure 2. 

 

 

Figure 2. Overall test schematic 

 

Power Control/PMAD:  A Stirling based power 

system has several unique characteristics compared to 

systems based on high speed turbo-alternators or DC 

sources such as solar cells or fuel cells. The power 

output of the Stirling alternator is single phase AC. 

Because the instantaneous power goes through zero 

twice every cycle some energy storage is required to 

supply continuous power to the loads.  The power elec-

tronics process this voltage, and provide a lower DC 

bus voltage output for loads. Since the alternator has a 

relatively high internal inductance, passive power fac-

tor correction was used to provide reactive compensa-

tion for efficient engine operation.  Power must be 

drawn nearly in phase with the internal voltage to allow 

the Stirling engine to operate efficiently and deliver the 

power to the DC bus. 
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Using an active rectifier with active power factor 

correction could eliminate the large tuning capacitor 

while maintaining optimum power factor on the alter-

nator, but doing the active power factor correction with 

the active rectifier reduces the efficiency of the active 

rectifier, so active power factor correction was not used 

in this design. The active rectifier does allow the regu-

lation of the output bus voltage to be performed inde-

pendently of the control of the Stirling engine stroke. 

The GRC developed linear alternator power condi-

tioning system consists of three major elements. These 

elements are the AC input module, the DC-DC conver-

tor module and the parasitic load regulator.  The func-

tions of these elements are to control the engine stroke 

through constant engine loading, regulate the engine 

operating frequency, rectify and filter the power output, 

electrically isolate the load, and regulate the output DC 

bus voltage. 

Test Results:  The controller was successfully 

tested for engine motoring capability.  Following the 

motoring tests, heat was applied to the P2A engines to 

allow for low power producing operation.  The engines 

were motored until they achieved net electrical power 

production (breakeven).  However, small voltage and 

displacer instabilities appeared and it was decided to 

shut down the test rig in order to perform diagnostics.   

The proposed solution was to change the controller 

strategy.  The original concept used an AC current 

waveform control loop with an outer RMS voltage reg-

ulation loop.  The inner loop was changed to direct AC 

voltage waveform control.  The changes were imple-

mented and testing was performed.  The unit was tested 

at 400°C hot end temperature, 40°C cold end tempera-

ture, and a 9.0 mm piston stroke.  The electrical power 

produced was approximately 1 kWe. 

Post data analysis of these low power tests indi-

cated that the test rig could be safely operated at no-

minal conditions.  Nominal conditions are defined as a 

hot end temperature of 550°C, a cold end temperature 

of 50°C, and a piston stroke length of 10 mm.  Once 

the P2A engines reached nominal operating conditions, 

user loads located on the DC bus were switched on and 

off in increasing and decreasing steps as shown in fig-

ure 3.  The maximum alternator power output and total 

user load was 2000 watts and 1400 watts respectively.  

The user load switching had no discernable effect on 

P2A engine operation. 
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Figure 3. PMAD loading at nominal conditions 

 

Conclusions:  The P2A engine was successfully 

operated using the GRC developed engine controller.  

Switching PMAD DC user loads on and off had no 

discernable effect on engine behavior.  Thus, it was 

demonstrated that the GRC controller provides a viable 

approach to Stirling engine control and DC bus power 

distribution. 
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