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Abstract - Passivity theory is significantly applied to analyze stability of nonlinear dynamic systems and construct its stable
control systems. This paper presents a passivity based control design approach for exciters and governors which are employed
to regulate the terminal voltage and the rotor velocity of synchronous generator systems in industry fields. We consider the
IEEE type 1 exciter and the gas turbine (GT) governor models respectively in this paper. We first carry out a passivity
analysis for exciter and governor control systems, which are numerically obtained from its mathematical models. And then its
control parameters are selected to assure passivity conditions in a design procedure. Lastly, we investigate numerical
simulations to demonstrate reliability of the proposed control approach against large-scale generators with parameter changes.
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Table 2 Maximum  percent undershoot and
(simulation 2)

overshoot

Maximum percent Maximum percent
Items undershoot overshoot

Values Time Values Time

Terminal voltage o 10.95 N 10.13
(Fig. 8) 4.260%] [sec] 1420%] [sec]
Rotor velocity o 10.19 o 10.08
(Fig. 9) 0.68[%] [sec] 1.36[%] [sec]

74 B

E =T passivity OlEE H&st0] 7] EW70l A=
OA] & Z&7] Mo] A" AA UHES Aotk 4,
FOIF oA B Z=EY] AlA”Sl 5hA mdo] thskod
passivity 54 24& AAle & Foll FOARM S 4
passivity A& TEE & Q= o)) uletEE AESIITh
2 =EolA Aeket ®oj7] AA™S elgd dE5s dARH Ale
golde Sdll olRoIR o 7|9 At [yt d £k ¥
d BMozRH Aol 859 i AFde 945d + 2
Ch. g% d7e 207 Al2"E9 dARE HAEHE 4
g Sdl Meret ®ol Aa"e] dA Y-l i AXE
g d5e FIE AAIE Aotk

=

a
=
<
T

> QK

o Al
7

or

I

el 2
O] =&8e 20179 sthststy wlisteAH] Ad

of gsf +d+

567



Ho|stsl=2X| 673 43 20184 4

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

References

A. H. I. de Ruiter, “Some applications of passivity-based
control and invariance principles,” /ET Control Theory
Appl, vol. 7, no. 7, pp. 1039-1048, 2013.

J. Hespanha, P. Naghshtabrizi, and Y. Xu, “A survey of
recent results in networked control systems,” Proc. of the
[EEE, vol. 95, no. 1, pp. 138-162, 2007.

R. Rajkumar, I. Lee, L. Sha, and J. Stankovic, “Cyber-
physical systems: The next computing revolution,” Proc.
47th Design Automation Conf.,, pp. 731-736, 2010.

T. Sheridan, “Telerobotics,” Aufomatica, vol. 25, no. 4, pp.
487-507, 1989.

N. Kottenstette, J. Hall III, X. Koutsoukos, J. Sztipanovits,
and P. Antsaklis, “Design of networked control systems
using passivity,” /EEE Trans. on Control Systems Technology,
vol. 21, no. 3, pp. 649-665, 2013.

P. Antsaklis, B. Goodwine, V. Gupta, M. McCourt, Y. Wang,
P. Wu, M. Xia, H. Yu, and F. Zhu, “Control of
cyberphysical systems using passivity and dissipativity
based methods,” European J. of Control, vol. 19, pp. 379-
388, 2013.

D. Sun, F. Naghdy, and H. Du, “Neural network-based
passivity control of teleoperation system under time-
varying delays,” [EEE Trans. on Cybernetics, vol. PP, no.
99, pp. 1-15, 2016.

S. Atashzar, M. Shahbazi, M. Tavakoli, and R. Patel, “A
stable
interaction in haptics-enabled rehabilitation systems:

passivity-based approach for patient-robot
modulated time-domain passivity control,” /EEE Trans. on
Control Systems Technology, vol. 25, no. 3, pp. 991-1006,
2017.

M. Xia, P. J. Antsaklis, V. Gupta, and F. Zhu, “Passivity
and dissipativity analysis of a system and its approxi-
mation,” [EEE Trans. on Automatic Control, vol. 62, no. 2,
pp. 620-635, 2017.

[10] H. C. Cho, “A development of real-time monitoring

techniques for synchronous electric generator systems,”
Trans. of the Korean Institute of Electrical Engineers,
vol. 66P, no. 4, pp. 182-187, 2017.

[11] H. K. Khalil, Nonlinear systems, Prentice Hall, Upper

Saddle River, New Jersey, 2002.

[12] P. M. Anderson, A. A. Fouad, Power system control and

stability, Wiley Inter-Science, New Jersey, 2003.

[13] Operation Technology Inc., ETAP® 12.6 user guide, 2014.

568

Z @ A (Hyun Cheol Cho)
1997 A MOAS IS EIAL. 1999
SOMHstn A7 FSHHAAD. 2006 Uni-
versity of Nevada-Reno (Ph.D.). GIX| &4t
vetthetyl AVHIARGEHR wg
Tel : 052-279-3166
E-mail : hcjo@uc.ac.kr



