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Governor Test Report for Boundary 51-54

Boundary units #51-54 are equipped with ASEA electro-hydraulic governors.  Block diagram representing the governor is shown in Figure 51-1. The closest approximation in GE PSLF program will be model “hygov.”

Boundary units #51-54 have Francis hydraulic turbines. Power versus gate were measured for three units and shown in Figure 51-2. 

Boundary #51-54 turbine – governor parameters are given in Table 51-1.

Suggested data for non-linear power-gate curve is given in Table 51-2.

Generator droop was measured and presented in Figure 51-3.  Droop settings were confirmed by partial load rejection tests, shown in Figures 51-4 and 51-5. 

Simulations of the performed tests are shown in:

Figure 51-6: unit #54 speed reference step up

Figure 51-7: unit #54 speed reference step down

Figure 51-8: unit #54 speed reference step up

Figure 51-9: unit #54 speed reference square wave

Figure 51-10: unit #54 governor Bode plot

Figure 51-11: unit #52 speed reference step up

Figure 51-12: unit #52 speed reference step down

Figure 51-13: unit #52 speed reference square wave

Figure 51-14: unit #51 speed reference step up

Figure 51-15: unit #51 speed reference step down

Figure 51-16: unit#51 speed reference step up
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Figure 51-1: block-diagram of ABB electro-hydraulic governors for Boundary #51-54

Table 51-1: turbine-governor data for Boundary units #51-54:

	Parameter in ABB
	Parameter in GE
	#51
	#52
	#54
	Description

	MWcap
	MWcap
	170 
	178 
	178 
	Turbine capacity, MW

	h0
	none
	257 
	255 
	255 
	Turbine head, ft

	Tn
	Tn
	0
	0
	0
	Lag time constant, sec

	Tnp
	Tnp
	0.05 
	0.05 
	0.05 
	Lead time constant, sec

	Tf
	Tf
	0.05
	0.05 
	0.05 
	Filter time constant, sec

	Tp
	None
	0.02 
	0.02 
	0.02 
	Pilot servomotor time constant, sec

	Uop
	Velm
	0.14 
	0.14 
	0.14 
	Pilot servomotor max opening speed

	Ucl
	
	–0.10 
	–0.10 
	–0.10 
	Pilot servomotor max closing speed

	Gmax
	Gmax
	1.0
	1.0
	1.0
	Maximum pilot servomotor stroke

	Gmin
	Gmin
	0.0
	0.0
	0.0
	Minimum servomotor stroke

	Rp
	R
	0.06 
	0.06 
	0.057 
	Permanent droop

	Rt
	r
	0.45 
	0.60 
	0.55 
	Damping gain

	Tr
	Tr
	0.45 
	0.5 
	0.5 
	Damping reset time constant, sec

	Tg
	Tg
	0.5 
	0.5 
	0.5 
	Gate servomotor time constant, sec

	Gop
	None
	0.13 
	0.13 
	0.13 
	Gate servomotor max opening speed

	Gcl
	None
	–0.10 
	–0.10 
	–0.10 
	Gate servomotor max closing speed

	Tw
	Tw
	2.0
	1.8
	1.8
	Water inertia time constant, sec

	qnl
	qnl
	0.10
	0.10
	0.10
	No-load water flow
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Figure 51-2: power versus gate characteristics of Boundary #51-54, head = 257 ft

Table 51-2: Power vs. Gate Data:

Unit #51 – 170 MW base

	Power, pu
	0
	0.82
	0.88
	0.94
	0.97
	1

	Gate, pu
	0.105
	0.67
	0.74
	0.83
	0.925
	1


Units #52-54- 178 MW base (with upgraded runners)

	Power, pu
	0
	0.79
	0.871
	0.90
	0.955
	1

	Gate, pu
	0.105
	0.675
	0.755
	0.795
	0.88
	1
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Figure 51-3: droop measurements for Boundary #51-54, blue line represents 6% droop
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Figure 51-4:  Boundary #52 partial load rejection
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Figure 51-5: Boundary #54 partial load rejection
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Figure 51-6: Boundary #54 speed reference step up response
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Figure 51-7: Boundary #54 step down response

[image: image11.png]Power [M!

125

100
0

Power, Boundary #54

— Actual
=== Simulated

Time [sec]

30 35 40



[image: image12.png]Gate [Percent]

61

60

59

58

57

56

55

54

53

Gate Position, Boundary #54

— Actual Servo
— - Simulated Servo

52
0

20
Time [sec]

25 30 35

40




Figure 51-8: Boundary #54step up response
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Figure 51-9: Boundary #54 probing signal response
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Figure 51-10: Bode plot for Boundary #54 governor (based on the model)
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Figure 51-11: Boundary #52 speed reference step up
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 Figure 51-12: Boundary #52 speed reference step down
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Figure 51-13: unit #52 speed reference square wave
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Figure 51-14: Boundary #51 speed reference step up

(speed reference measurement was corrupted with 16 sec oscillation)

Figure 51-15: Boundary #51 speed reference step down
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(speed reference measurement was corrupted with 17 sec oscillation)
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Figure 51-16: Boundary #51 speed reference step up

(speed reference measurement was corrupted with 16 sec oscillation)

Governor Test Report for Boundary 55-56

Boundary units #55-56 are equipped with Woodward PID electro-hydraulic governors.  Block diagram representing the governor is shown in Figure 55-1. The closest approximation in GE PSLF program will be model “hyg3.”  Boundary #55-56 turbine – governor parameters are given in Table 55-1.

Boundary units #55-56 have Francis turbines. Power versus gate characteristics were measured for both units and shown in Figure 55-2. 

Table 55-2 has points for power-gate curve. 

Simulations results are shown in:

Figure 55-3: unit #55 speed reference step up

Figure 55-4: unit #55 speed reference step down

Figure 55-5: unit #55 speed reference square steps

Figure 55-5B: unit #55 speed reference square steps – frequency response

Figure 55-6: unit #55 response to 636 MW Four Corners trip

Figure 55-7: unit #56 speed reference step up

Figure 55-8: unit #56 speed reference step down

Figure 55-9: unit #56 speed reference square steps

Figure 55-10: unit #56 speed reference square steps
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Figure 55-1:block-diagram of Boundary #55-56

Table 55-1: turbine-governor parameters for Boundary units #55-56

	Parameter in 51-1
	Parameter in GE
	#55
	#56
	Description

	MWcap
	MWcap
	211
	211
	Turbine capacity, MW

	h0
	
	255 
	255
	Turbine head, ft

	Db1
	Db1
	0.12 
	0.12 
	Speed dead-band, Hz

	Rp
	relec
	0.07 
	0.08
	Permanent droop, pu gate/pu speed

	Tt
	Tt
	0.16 
	0.16 
	Elec.power filter time constant, sec

	Tf
	Td
	0.01 
	0.01 
	Filter time constant, sec

	Kp
	K2
	1.3
	0.75
	Proportional gain

	Ki
	Ki
	1.9
	1.45
	Integral gain

	Kd
	K1
	0.2
	0.2
	Derivative gain

	Td
	Tf
	0.1 
	0.1 
	Derivative time constant, sec

	Tp
	Tp
	0.2 
	0.2 
	Pilot servo time constant, sec

	Kg
	Kg
	10
	10
	Main servomotor gain

	Gop
	None
	0.054 
	0.054 
	Gate servomotor max opening speed, pu gate/sec

	Gcl
	None
	–0.094 
	–0.094 
	Gate servomotor max closing speed, pu gate/sec

	Pmax
	Pmax  
	1.0
	1.0
	Maximum gate opening, pu

	Tw
	Tw
	1.75 
	1.75 
	Water inertia time constant, sec

	q0
	qnl
	0.12
	0.12 
	No-load flow, pu
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Figure 55-2: power versus gate characteristics of Boundary #55-56, head = 255 ft

Table 55-2: Power vs. Gate Data:

Units #55-56  

	Power, pu
	0
	0.815
	0.863
	0.91
	0.955
	1

	Gate, pu
	0.105
	0.725
	0.77
	0.83
	0.91
	1
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Figure 55-3: Boundary #55 speed reference step up
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Figure 55-4: Boundary #55 speed reference step down
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Figure 55-5: Boundary #55 speed reference square steps
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Figure 55-5B: Boundary #55 speed reference square steps
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 Figure 55-6: Boundary #55 response to 636MW Four Corners trip on March 24, 2002

(unit did not respond because of the frequency dead-band)
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Figure 55-7: Boundary #56 speed reference step up
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Figure 55-8: Boundary #56 speed reference step down
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Figure 55-9: Boundary #56 speed reference square steps
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Figure 55-10: Boundary #56 speed reference square steps

