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« The primary objectives and scope of the project

+ The techniques or approaches used only to the degree necessary for comprehension
« The findings and implications stated as concisely and Informatively as possible
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2 person having a physicai or mental Impalrment that substantially limits one or more major life activities; who has a record of such
impairment; or who is regarded as having such impairment. (Disabled individuals also should be counted under the appropriate
ethnic/racial group unless they are classified as “Other Non-U.S. Cltizens.”)

AMERICAN INDIAN OR ALASKAN NATIVE: A person having origins in any of the orlginal peopies of North America, and who main-
taln cultural identification through tribal affiliation or communlity recognition.

ASIAN: A person having origins in any of the original peoples of East Asia, Southeast Asia and the Indian subcontinent. This area
includes, for example, China, India, Indonesia, Japan, Korea and Vietnam.
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Laboratory Equipment for Applied
Electromechanics Research: Final Report
for Grant ECS-9007778

David G. Taylor

Georgia Institute of Technology
School of Electrical Engineering
Atlanta, Georgia 30332-0250

February 27, 1992

1 Introduction

This is the final report for the one-year Research Equipment Grant
ECS-9007778 entitled “Laboratory Equipment for Applied Electromechan-
ics Research.” The grant enabled the purchase of a variety of equipment
now available in the Electromechanical Systems Laboratory of the School of
Electrical Engineering at Georgia Tech. The grant also indirectly supported
the research of several Ph.D. students (Richard Wallace, Alireza Khayatian,
Kenneth Shouse, Gregory Martin, Mohammed Al-Numay). The cost shar-
ing arrangement with Georgia Tech was favorable, boosting the value of
the NSF portion by another 50%. By the way, due to an REU Supplement
from NSF (on another grant), four undergraduates (Lynn East, Jeff Kemp,
Michele Linihan, Shih-Cheng Wang) were employed for approximately one
year to help with laboratory work, and therefore made use of the equipment
purchased with the grant funds. Due to successful negotiation with certain
vendors, both the quality and quantity of equipment purchased were better
than anticipated.



The remainder of the report is organized as follows. First, the research
publications which have benefited from this research equipment expenditure
are listed below. Second, a list of the major items of equipment purchased
is included. The equipment list includes items purchased with the Georgia
Tech matching funds. The details of the research accomplishments are not
provided in this report, but are included in the research publications.

2 Publications Referencing Grant

2.1 Published Journal Papers

1. D.G. Taylor, “An experimental study on composite control of switched
reluctance motors,” IEEE Control Systems Magazine, vol. 11, no. 2,
pp. 31-36, February 1991.

2. R.S. Wallace and D.G. Taylor, “Low torque ripple switched reluctance
motors for direct-drive robotics,” IEEE Transactions on Robotics and
Automation, vol. 7, no. 6, pp. 733-742, December 1991.

3. D.G. Taylor, “Pulse-width modulated control of electromechanical
systems,” to appear in IEEE Transactions on Automatic Control.

4. R.S. Wallace and D.G. Taylor, “A balanced commutator for switched
reluctance motors to reduce torque ripple,” to appear in IEEE Trans-
actions on Power Electronics.

2.2 Submitted Journal Papers

1. R.S. Wallace and D.G. Taylor, “Design of switched reluctance motors
for reduced torque ripple,” IEEE Transactions on Industrial Elec-
tronics, December 1990.

2. A. Khayatian and D.G. Taylor, “Feedback control of linear continu-
ous systems by pulse-width modulation,” IJEEE Transactions on Au-
tomatic Control, September 1991.

3. K.R. Shouse and D.G. Taylor, “A sampled-data approach to observer-
based controller design for nonlinear singularly perturbed systems,”
IEEE Transactions on Automatic Control, February 1992.
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2.3

1.

Non-refereed Papers

R.S. Wallace and D.G. Taylor, “An approach to torque ripple analy-
sis,” Systems and Controls Technical Memorandum #TMDT-01-89,
Georgia Institute of Technology, Atlanta, September 1989.

Invited Conference Presentations

. D.G. Taylor, “Electrically actuated mechanical systems: An integral

manifold approach,” Abstracts from NSF-UC-NASA Workshop on
Nonlinear Control, University of California, Santa Barbara, Califor-
nia, p. 27, April 1990.

R.S. Wallace and D.G. Taylor, “A balanced commutator for three-
phase switched reluctance motors to minimize torque ripple,” Pro-
ceedings of the IEEE International Conference on Systems Engineer-
ing, Pittsburgh, Pennsylvania, pp. 597-600, August 1990.

K.R. Shouse and D.G. Taylor, “Multirate sampled-data composite
control of nonlinear singularly perturbed systems,” to appear in Ab-
stracts from NSF-WU Workshop on Nonlinear Control, Washington
University, St. Louis, Missouri, May 1992.

K.R. Shouse and D.G. Taylor, “Observer-based control of permanent-
magnet synchronous motors,” to appear in Proceedings of the 18th
IEEE Conference on Industrial Electronics, San Diego, California,
November 1992.

Refereed Conference Presentations

1. D.G. Taylor, “Composite control of direct-drive robots,” Proceed-

ings of the 28th IEEE Conference on Decision and Control, Tampa,
Florida, pp. 1670-1675, December 1989.

R.S. Wallace and D.G. Taylor, “Torque ripple reduction in three-
phase switched reluctance motors,” Proceedings of the 1990 American
Control Conference, San Diego, California, pp. 1526-1527, May 1990.



10.

11.

D.G. Taylor, “Improved pulse-width modulated control of switched
reluctance motors,” Proceedings of the 1990 American Control Con-
ference, San Diego, California, pp. 2083-2088, May 1990.

R.S. Wallace and D.G. Taylor, “Three-phase switched reluctance mo-
tor design to reduce torque ripple,” Proceedings of the International

Conference on Electrical Machines, Cambridge, Massachusetts, pp.
783-787, August 1990.

D.G. Taylor, “Slow and fast manifolds of singularly perturbed sys-
tems,” Proceedings of the 29th IEEE Conference on Decision and
Control, Honolulu, Hawaii, pp. 3582-3587, December 1990.

A B. Frazier, J.W. Babb, M.G. Allen and D.G. Taylor, “Design and
fabrication of electroplated micromotor structures,” Proceedings of
the ASME Winter Annual Meeting, Atlanta, Georgia, pp. 135-146,
December 1991.

D.G. Taylor, “Adaptive control design for a class of doubly-salient
motors,” Proceedings of the $0th IEEE Conference on Decision and
Control, Brighton, United Kingdom, pp. 2903-2908, December 1991.

A. Khayatian and D.G. Taylor, “Feedback control of linear continuous
systems by pulse-width modulation,” to appear in Proceedings of the
1992 American Control Conference, Chicago, Illinois, June 1992.

A. Khayatian and D.G. Taylor, “Feedback control of linear discon-
tinuous systems by pulse-width modulation,” submitted for review
to 81st IEEE Conference on Decision and Control, Tucson, Arizona,
December 1992 (submitted February 1992).

G.A. Martin and D.G. Taylor, “Discretization of nonlinear systems
with delayed inputs,” submitted for review to 813t IEEE Conference
on Decision and Control, Tucson, Arizona, December 1992 (submit-
ted February 1992).

G.A. Martin and D.G. Taylor, “Sampled-data control design for non-
linear systems with delayed inputs,” submitted for review to §1st
IEEE Conference on Decision and Control, Tucson, Arizona, Decem-
ber 1992 (submitted February 1992).
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12

13.

K.R. Shouse and D.G. Taylor, “On the commutivity of singular per-
turbation decomposition and discretization for linear systems,” sub-
mitted for review to §1st IEEE Conference on Decision and Control,
Tucson, Arizona, December 1992 (submitted February 1992).

K.R. Shouse and D.G. Taylor, “Discrete time observers for singularly
perturbed continuous time systems,” submitted for review to J1st

IEEE Conference on Decision and Control, Tucson, Arizona, Decem-
ber 1992 (submitted February 1992).

Equipment Purchased

Microcomputer Hardware
IBM Model 30 8086/87 8 MHz Microcomputer (1)

IBM Model 80 80386/387 20 MHz Microcomputer (1)
Gateway 2000 80486 33 MHz Microcomputer (3)

115 MB Hard Disk Drive (replacement) (1)

6 MB Memory Upgrades (for Model 80s) (3)

HP LaserJet IIP Plus Laser Printer (1)

Microcomputer Software

1. Intel 386/486 C-Code Builder

Ne ok W

Mathematica 386/387 2.0 for Windows
Matlab 386/387 with Control System Toolbox
Norton Utilities 6.0

Corel ]jraw 2.0

Microsoft Word for Windows

Microsoft Excel for Windows



3.3

1.

A

DSP Development Systems
TI XDS-500 Development Board for TMS320C30

Development Software for TMS320C30
Spectrum TMS320C30 Processor Board
Spectrum 32-channel Analog Input Board
Spectrum 16-channel Analog Output Board

Miscellaneous

. Flexible Shaft Couplings

Electronic Components

Intelligent Printer Switchbox
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