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Concept

• Stirling Radioisotope 
Generator (SRG) 
Application Qin
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Concept

• Terrestrial generators 
modulate the fuel to 
keep frequency 
constant

• Terrestrial generators 
regulate the alternator 
excitation to keep 
voltage constant
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Concept

• SRG application uses 
constant Qin
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Concept

• SRG application 
uses permanent 
magnet 
alternators with 
no means to 
control 
alternator 
excitation
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Concept

• In SRG application, 
total load is kept 
constant by adjusting 
parasitic load
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TO LOAD
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PID

• Frequency is largely 
dictated by Stirling 
dynamics (less than 
1% variation)

Qin

V

r

e r



Free-piston Stirling Convertor Controller Development at GRC 7

Sest, Inc.
Concept

• Equilibrium operation where load power crosses 
engine power

Operating Point Engine Power vs Load Power

0

10

20

30

40

50

60

70

80

90

100

0 0.002 0.004 0.006 0.008

Piston Amplitude (m)

P
ow

er
 (

W
)

Engine Power

Exponential Load

Cubic Load



Free-piston Stirling Convertor Controller Development at GRC 8

Sest, Inc.
Simplorer Model

• Used Simplorer 
simulation software
– ODE’s
– Thermal
– Mechanical
– Electrical/electronics

• Simplorer model 
allows multiple 
convertors

• Variety of controllers
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Simplorer Model

• Open loop start-up 
transient response 
helpful in controller 
design.

• Disturbance rejection
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Controllers

1. STC Zener Diode Controller
2. GRC Digital Controller (SP-100 Heritage)
3. GRC 2nd Generation Digital Controller
4. GRC Advanced Controller (P-F 

correcting/PWM)
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1. Zener Diode Controller

• Zener 
– reference voltage
– Measures the Vdc
– Load applied when 

Vdc>Vref

• Looks at 
instantaneous Vdc
– No memory of last half 

cycle
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1. Zener Diode Controller

• Parasitic resistance 
applied to DC bus

• Rectifier
– DC load can occur 

anytime during the 
cycle

– AC load (stator 
current) always 
centered about Vpeak

Macro71....

2.148

2.148

2.437

2.437

2.200

2.200

2.250

2.250

2.300

2.300

2.350

2.350

WM1.I [...
dctot = f...

3.5510

3.5510

3.5800

3.5800

3.5600

3.5600

3.5650

3.5650

3.5700

3.5700
1.258

0 0

0.500 0.500

1.000

200 O load applied

time (s)

time (s)

C
ur

re
nt

 (
A

)
P

is
to

n 
am

pl
itu

de
 (m

m
)



Free-piston Stirling Convertor Controller Development at GRC 13

Sest, Inc.
1. Zener Diode Controller

• Maintains constant 
output voltage over 
wide range of output 
power

LAE1POW versus DC Voltage
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2. GRC Digital Controller

• Applies parasitic load 
to AC bus

• Voltage-controlled 
resistor load

• Produces 
characteristic that 
crosses convertor 
characteristic at a 
sharp angle
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2. GRC Digital Controller

• Applies parasitic load 
to AC bus

• Voltage-controlled 
resistor load

• Produces 
characteristic that 
crosses convertor 
characteristic at a 
sharp angle
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Operating Point Engine Power vs Load Power
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2. GRC Digital Controller

• PID Control feature on original

Operating Point Engine Power vs Load Power
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2. GRC Digital Controller

• PID Control feature on original

Operating Point Engine Power vs Load Power
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2. GRC Digital Controller

• PID Control feature on original

Operating Point Engine Power vs Load Power
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2. GRC Digital Controller

• PID Control feature on original

Operating Point Engine Power vs Load Power

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0 20 40 60 80 100 120

Voltage (V)

P
o

w
er

(W
)

SPRE Controller

Engine Pow er



Free-piston Stirling Convertor Controller Development at GRC 20

Sest, Inc.3. GRC 2nd Gen 
Digital Controller

• Adjusts Parasitic 
Resistance to 
Maintain Setpoint

Sliding RMS
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Digital Controller
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Sest, Inc.3. GRC 2nd Gen 
Digital Controller

Macro31....
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Digital Controller

Macro31....
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4. GRC Advanced Controller

• Power factor 
correcting
– No Tuning 

Capacitors
• Follows reference 

current
• Operate convertors 

in parallel or 
independently
– Manage vibration 

like cryocoolers
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4. GRC Advanced Controller

• EMF Data from piston position sensor
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Summary

• Recognized work to date on Free-piston 
Stirling convertor control

• Discussed control concept
• Covered the types of controller studied at 

GRC
– STC Zener Diode
– GRC Digital (SP-100 heritage)
– GRC 2nd Generation Digital
– GRC Advanced (P-F correcting, PWM)
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Future Plans

• Use the model to develop controllers 
capable of reducing vibration of paired 
convertors.  (cf Kopasakis & Cairelli)

• Incorporate 3D FEM of Alternator 
electromechanics into Simplorer model.

• Develop a Sage interface to improve 
accuracy of thermodynamics used in the 
model.
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