
Appendix A

Nonlinear Models

A.1 Models with Surge Tank Effects

A.1.1 Models K5, K52, K51, K4
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•  Nonlinear Dynamics:
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Transfer Function F(s) (K52):
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Transfer Function F(s) (K51):
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Transfer Function F(s) (K4):
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A.1.2 Models WG5, QR52, QR51, WG4

•  Nonlinear Dynamics:

sct UUU −=

( ) ω∆⋅⋅−−⋅⋅= GDUUHAP 1NLtttmechanical

•  Dynamics of the Tunnel:

2Q2lr HH0.1H −−=
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•  Dynamics of the Surge Tank:
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•  Dynamics of the Penstock (WG5):

Qlrt HHHH −−=

2
t1pl UfH ⋅=

( ) teppQ UsTtanhzH ⋅⋅⋅=

•  Dynamics of the Penstock (QR52):
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•  Dynamics of the Penstock (QR51):

Qlrt HHHH −−=
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•  Dynamics of the Penstock (WG4):

2
t1pl UfH ⋅=

WP

ltrt

T

HHH

dt
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A.2 Models with no Surge Tank Effects

A.2.1 Models K3, K32, K31, K2

•  Nonlinear Dynamics:

tt HGU ⋅=

( ) tNLtmechanical HUUP ⋅−=
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Transfer Function F(s) (K3)
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Transfer Function F(s) (K33)
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Transfer Function F(s) (K32)
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Transfer Function F(s) (K31)
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A.2.2 Models WG3, QR33, QR32, QR31, WG2

•  Nonlinear Dynamics:

tt HGU ⋅=

( ) ω∆⋅⋅−−⋅⋅= GDUUHAP 1NLtttmechanical

•  Dynamics of the Penstock (WG3):

Qlrt HHHH −−=

2
t1pl UfH ⋅=

( ) teppQ UsTtanhzH ⋅⋅⋅=

•  Dynamics of the Penstock (QR33):
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•  Dynamics of the Penstock (QR32):

Qlrt HHHH −−=
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•  Dynamics of the Penstock (QR31):
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•  Dynamics of the Penstock (WG2):

WP
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