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Bonneville generator #18 have Kaplan turbine, where wicket gates are controlled by Woodward PID electro-hydraulic governor, and turbine blades are controlled by a mechanical-hydraulic regulator. Block diagrams are shown:

Figure 1:  overview of turbine controls

Figure 2: Kaplan turbine model

Figure 3: PID governor model

Figure 4: blade angle regulator model.

Generator droop measurements are shown in Figure 5.  

1V of speed adjustment causes speed change of 1.2 % at speed-no-load. 

1V of speed adjustment causes power 23.9% on-line (77.1 MW generator base).

This would correspond to the droop of 5% at 77.1 MW base.

“Gate-blade-power” characteristics were measured and shown in Figure 6.

The turbine capacity is defined at the full gate opening at tested head.

Bonneville #18 turbine – governor parameters are given in Table 1.

Simulations results are shown in:

Figure 7: speed reference step up

Figure 8: speed reference step up

Figure 9: speed reference step up

Figure 10: speed reference square steps

Figure 11: response to under-frequency event 1

Figure 12: response to under-frequency event 2
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Figure 1:overview of turbine controls
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Figure 2: Kaplan turbine model
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Figure 3: Woodward PID governor model
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Figure 4: blade angle regulator model
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Figure 5: Bonneville #18 droop computations

Figure 6: “Gate-Blade-Power” Characteristic 

(measured up to 85% gated, estimated above)
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Table 1: turbine-governor parameters for Bonneville #18

	Parameter 
	#55
	Description

	MWcap
	106
	Turbine capacity, MW

	h0
	62.5 
	Turbine head, ft

	MWbase
	77.1
	MW base for electrical power signal

	Governor
	
	

	Db1
	0.035 
	Speed dead-band, Hz

	Rp
	0.05 
	Permanent droop, pu gate/pu speed

	Tt
	1.45
	Elec.power filter time constant, sec

	Tf
	0.02 
	Filter time constant, sec

	Kp
	1.02
	Proportional gain

	Ki
	0.40
	Integral gain

	Kd
	0.05
	Derivative gain

	Td
	0.1 
	Derivative time constant, sec

	Tp
	0.04
	Pilot servo time constant, sec

	Kg
	10
	Main servomotor gain

	Gop
	 
	Gate servomotor max opening speed, pu gate/sec

	Gcl
	 
	Gate servomotor max closing speed, pu gate/sec

	Gmax
	1.0
	Maximum gate opening, pu

	Db2
	0.002
	Gate servomotor dead-band, pu

	Blade 
	
	

	Tc
	0.01
	Blade cam time constant,sec

	Tv
	0.1
	Blade pilot time constant, sec

	Kb
	1.0
	Blade servomotor gain, 1/sec

	Bmax
	1.0
	Maximum stroke of blade servomotor, pu

	Db3
	0.0
	Blade servomotor dead-band, pu

	Turbine
	
	

	Tg
	0.1
	Gate time constant, sec

	Tb
	0.1
	Blade time constant, sec

	Bf
	0.55
	Per unit flow change due to blade angle adjustment 

	Tw
	 2.8
	Water inertia time constant, sec

	q0
	0.15
	No-load flow, pu


	Gate
	0.185
	0.55
	0.60
	0.645
	0.77
	0.87
	1.0

	Power
	0
	0.515
	0.552
	0.618
	0.811
	0.943
	1.0

	Blade
	0
	0
	0
	0.167
	0.67
	1.0
	1.0
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Figure 7: Bonneville #18 response to speed dial step up
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  Figure 8: Bonneville #18 response to speed dial step up
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Figure 9: Bonneville #18 response to speed dial step up
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Figure 10: Bonneville #18 response to speed square steps
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Figure 11: Bonneville #18 response to under-frequency event A
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Figure 12: Bonneville #18 response to under-frequency event B

Figure 13: 3D cam blade versus gate at various heads
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Figure 14: Bonneville #18 efficiency curves
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