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Concept

* |In SRG application,
total load is kept

constant by adjusting P05 :
parasitic load
iin>
 Frequency is largely r
dictated by Stirling R
dynamics (less than PID %

1% variation)
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Concept

e Equilibrium operation where load power crosses
engine power
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e Simplorer Model

e Used Simplorer
simulation software

— Thermal

— Mechanical

— Electrical/electronics
Sl | T » Simplorer model
M > ) ( M allows multiple
Foase fl aca WL Acl: T Fease conve rtO rs

“w| © ¢ Variety of controllers
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* Open loop start-up ol
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Controllers

STC Zener Diode Controller
GRC Digital Controller (SP-100 Heritage)
GRC 2" Generation Digital Controller

GRC Advanced Controller (P-F
correcting/PWM)

> w e
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e 1, Zener Diode Controlle

o Zener
— reference voltage
— Measures the Vdc N .
— Load applied when e e
Vdc>Vref @ 3
e |Looks at
Instantaneous Vdc A A
— No memory of last half
cycle |
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e 1, Zener Diode Controlle
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e 1, Zener Diode Controlle
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Operating Point Engine Power vs Load Power
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e 2. GRC Digital Controlle

Operating Point Engine Power vs Load Power
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Operating Point Engine Power vs Load Power
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Digital Controller

o Adjusts Parasitic
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R e S i Sta n C e to Prr:=prr*Rcorr/abs(Prr+Rcorr)

M a.i ntal n Setpo I nt Verr < eps, ZC- Verr < eps, ZC-
- |

" = |
= | =
Verr > eps, ZC+ Verr < eps, ZC+
~ | Ty | -
Cale (7 | (U | Q™
Verr > eps, ZC- true true Verr > eps, ZC-
N | LM |
| \éélc | | ~ |
Calc
S
AC1 —
10 i GAIN %
R1 SetPoint Rprr
AD536 - Verr
mﬂzl'ding RMS + G
o T 7 o |
s
AC2

Free-piston Stirling Convertor Controller Development at GRC 20



GLENN RESEARCH CENTER
at Lewis Field

3. GRC 2" Gen
Digital Controller
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4. GRC Advanced Controller

 Power factor
correcting

— No Tuning
Capacitors

 Follows reference
current

 Operate convertors
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— Manage vibration ime )

like cryocoolers
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« EMF Data from piston position sensor

PistAmpl HallOut -
1AM e &Y If (PistAmpl.VAL>.001)
- {Piston:=HallOut.VAL}
—~ Else
{Piston:=0}

[ ]
11 —— LIMT ——— GAIN ¢
. CONST := 50

= PowerSP| const
XpDot PistVel

Slidi RMS
D y RN L M | Rec yoeaN 4 X umr = X
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X
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Summary

 Recognized work to date on Free-piston
Stirling convertor control

e 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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