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Motor Control of Two Flywheels Enabling Combined Attitude Control and Bus
Regulation

Barbara H. Kenny
21 April 2004
Presented at the 2004 Space Power Workshop

This presentation discussed the flywheel technology development work that is
ongoing at NASA GRC with a particular emphasis on the flywheel system control. The
“field orientation” motor/generator control algorithm was discussed and explained. The
position-sensorless angle and speed estimation algorithm was presented. The motor
current response to a step change in command at low (10 kRPM) and high (60 kRPM)
was discussed. The flywheel DC bus regulation control was explained and experimental
results presented. Finally, the combined attitude control and energy storage algorithm
that controls two flywheels simultaneously was presented. Experimental results were
shown that verified the operational capability of the algorithm.

Overall, the presentation demonstrated that GRC has an operational facility that
shows high speed flywheel energy storage (60,000 RPM) and the successful
implementation of an algorithm to simultaneously control both energy storage and a
single axis of attitude with two flywheels.
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D1

Flywheel Unit HSS Devl G2 G3
Rotor Steel Hub Single Layer | Multilayer Multilayer Composite
Composition " Composite Composite Composite Arbor
Energy 17 wt-hr 300 wt-hr 350 wt-hr 581 wt-hr 2136 wt-hr
Specific Energy 1 Wikg 23 W/kg 20 Wikg 26 W/kg 80W/kg
PM 4 pole PM 4 pole PM 2 pole PM 2 pole PM 4 pole
Motor/Generator] 165 Vrms1-1 | 165 Vrms -1 | 80 Vrms 1-1 80 Vrms I-1 60 Vrms I-1
active cooling | active cooling | active cooling | active cooling | passive cooling
Radial+Combo|Radial+Combo|Radial+Combo|Radial+Combo| Radial+Combo
NIapnetic PM bias 4 pole| PM bias 4 pole|PM bias 4 pole| PM bias 6 pole| PM bias 6 pole
Bearings no redundancy | no redundancy | no redundancy radial radial & axial
| g 551bf (245N) | S5Ibf (245N) | 55Ibf (245N) | redundancy redundancy
70ibf (310N). 801bf (356N)
Peak Tip Speed 750 m/s 750 m/s 1100 m/s
g‘;ﬁ?ﬁﬁﬁi 0-60 krpm | 20-60 krpm | 20-60 kepm | 20-60krpm | 25-50 krpm
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* D1 Flywheel Module » High Speed Shaft

— Rotor ~ Rotor
» 350 Whr - Toray 4 ring rim o 17 Whr ~ no rim
« Monolithic steel hub » Monolithic steel hub

-~ Motor/Generator - Motor/Generator
o 1kW, 80V I, 2 pole Ashman » 3kW, 220V -, 4 pole Ashman

Technology | Technology
— Magnetic Bearings ~ ~ Magnetic Bearings
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Control motor current s"@m ive to rotor magnetic flux

— Stator current vector perpendicular to rotor flux vector and in
phase with back EMF voltage

Control done in rotor reference frame
— Control variables become dc quantities: §~

4
Motor torque 3P

— Similar to dc motor control
- [ast torque response

Currents regulated using Pl controllers in rotor
reference frame

— Synchronous frame current regulator
— Bandwidth ~1kHz

Needs rotor position information
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SeNso rie S5 OO Motor Inductance

» Rotor position and speed are S
- estimated | | R ! R

- Signal injection technique for
starting and low speed

— High frequency voltage added to
fundamental %

. . . . . . position number
— Position information contained in resulting
high frequency current

— Requires magnetic saliency on rotor W

(operational) speed
- Stator flux vector determined from
integrating the motor phase voltage

— Rotor flux related to stator flux through
machine inductances and phase currents
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— DC power command results from el 1| fI]l cabes
DC bus regulation algorithm
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PM machine with field orientation control and
S@ﬁgmgﬁg p@g ition and gp@m estin ai on

o NAS %ii;[f{;{é;a RC has demonstrated sin
ined m tude control and bus regulation
(IPAC) using two flywheels.

- Smgée axés mrqu@ and DC power can be
independently controlled and regulated.

— DC bus voltage is accurately regulated by

flywheels during discharge during load and/or
torque sieps.
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Lockheed Martin are building a
EWQ axis S, ‘&hr@@ flywheel combined attitude control
and bus regulation system (COMET).

o T@s‘t ng ’éh is summer at GRC
ill replace the high speed shaft with

ﬁywh@@E for full speed demonstration of
single axis combined attitude control and bus

regulation .

- Testing this summer at GRC

» Working to move motor control and magnetic

bearing algorithms to FPGAs.
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