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Governor Test Report for Chief Joseph #6

Chief Joseph units #1-16 are equipped with Woodward PID electro-hydraulic governors.  Block diagram representing the governor is shown in Figure 6-1. The closest approximation in GE PSLF program will be model “hyg3.”  Chief Joseph #6 turbine – governor parameters are given in Table 6-1.

Chief Joseph units #6 have Francis turbines. Power versus gate characteristics were measured and shown in Figure 6-2. 

Table 6-2 has points for power-gate curve. 

The following signals were measured and used in dynamic response analysis:

· three phase voltages;

· three phase currents;

· MW transducer output;

· speed error;

· PID control signals;

· pilot valve position;

· gate servomotor stroke.

Electrical power and frequency are derived from three-phase voltages and currents.

Figure 6-3 shows generator frequency for a partial load rejection test and governor droop computations.

Simulations results are shown in:

Figure 6-4: unit #6 speed reference step up

Figure 6-5: unit #6 speed reference step up with full gate opening

Figure 6-6: unit #6 speed reference step down 

Figure 6-7: unit #6 speed reference square steps

Figure 6-8 shows simulated and identified governor frequency response.
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Figure 6-1:block-diagram of Chief Joseph #6 governor

Table 6-1: turbine-governor parameters for Chief Joseph unit #6

	Parameter in 51-1
	Parameter in GE
	Data
	Description

	MWcap
	MWcap
	82
	Turbine capacity, MW

	h0
	
	167
	Turbine head, ft

	MWbase
	
	88.4
	Base for electrical power measurement, MW

	Db1
	Db1
	0
	Speed dead-band, Hz

	Rp
	Relec
	0.05 
	Permanent droop, pu gate/pu speed

	Tt
	Tt
	0.8 
	Elec.power filter time constant, sec

	Tf
	Td
	0.02 
	Filter time constant, sec

	Kp
	K2
	9.0
	Proportional gain

	Ki
	Ki
	2.7
	Integral gain

	Kd
	K1
	0.5
	Derivative gain

	Td
	Tf
	0.1 
	Derivative time constant, sec

	Tp
	Tp
	0.2 
	Pilot servo time constant, sec

	Tv
	Tv
	0.2 
	Distributing valve time constant, sec

	Kg
	Kg
	3.3
	Main servomotor gain

	Gop
	None
	0.1 
	Gate servomotor max opening speed, pu gate/sec

	Gcl
	None
	–0.1 
	Gate servomotor max closing speed, pu gate/sec

	Pmax
	Pmax  
	1.0
	Maximum gate opening, pu

	Tw
	Tw
	1.25 
	Water inertia time constant, sec

	q0
	Qnl
	0.1
	No-load flow, pu
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Figure 6-2: power versus gate characteristics of Chief Joseph #6, head = 167 ft

Table 6-2: Power vs. Gate Data:

Chief Joseph #6  

	Power, pu
	0
	0.713
	0.829
	0.927
	0.976
	1

	Gate, pu
	0.085
	0.64
	0.74
	0.88
	0.95
	1
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Figure 6-3: Chief Joseph #6 partial load rejection from 38.5 MW

	
	Initial
	Settling

	Power
	38.5 MW
	0 MW

	Frequency
	60.0 Hz
	61.3 Hz


Percent Change in Speed = (61.3 – 60)  / 60 = 2.17 %

Percent Change in MW = 38.5 / 88.4 = 43.55 %

Calculated Droop = Change in Speed / Change in MW = 2.17 / 43.55 = ~ 5%

Droop setting is at 5%.
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Figure 6-4: unit #6 speed reference step up
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Figure 6-5: unit #6 speed reference step up with full gate opening
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Figure 6-6: unit #6 speed reference step down
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Figure 6-7: unit #6 speed reference square steps
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Figure 6-8: simulated and identified unit #6 governor frequency response

The range of inter-area oscillations is from 1 rad/sec (0.2 Hz) to 5 rad/sec (0.7 Hz)

































































































