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Abstract

This article is a supplementary material for the submitted paper [1].

I. DERIVATION OF NORMAL FORM REPRESENTATION OF POWER GENERATING SYSTEM

Let us consider a power generating system with a hybro turbine that consists of (see also [2], [3])
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where the outputs of the components are given by the incremental frequency deviation A f (Hz), the change in generator output
AP (p.u.), and the change in governor valve position AX (p.u.). The overall configuration of the power generating system is
depicted in [1, Fig. 3]. With a coordinate transformation
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one can easily represent the plant in the state space as:
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To proceed further, we introduce an additional coordinate change
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It is noted that in this coordinate, the state & = [£1;&2; &3] can be expressed as
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By this, the time derivatives of &; in (3) are rewritten as

o 1 Klm 2I(Im
& = ﬂm€1+ﬂm€2 T &3
_ B 3Tm LN 2w (L 3T L T L
" T ' Tim KnTh ') Tim 2im  2KmTh) ' 2Kpm © 2
= g, (6a)
2 6
§2__ﬁ€2+ﬁ€3
_ 2 BTl N6 (1 3T 1N T L
T T Ko T ") T, 20K  2KmTh) ' 2K 2 2
3 1 3T 1 T 3 1
— (-2 - 2fm _fim 2 — 6b
( K Tn  Km Tﬁ)xl KmTo > 1,7 (65)
. 1 11 1
G=-—78- 570+ zu

1 1 3T 1 Tin o, 1 111
- - - — |T1— T 2| - == —u
T, 2Kim  2KimTh) ' 2Kim © 2 RT," ' T,
11 13T, 1 11 1 Tim 1 1
T+ T2 — 2+ —=u. (6¢)

T, 2K | Ty 2KmTh  RT,
By differentiating the variables in (4) along with the £-dynamics (3), we have
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