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1 Component Control

In general the components can be switched on and off by the PLC and switched off directly by the pressed emergency-off button in emergency situations. All components (except power switches, hydraulics and brake valves) are only  disconnected as long as the emergency-off button is depressed and not generally with an open safety chain.

1.1 G E N E R A T O R  –  P O W E R    S W I T C H
                 
The generator power switch isolates the stator windings from the grid. In most turbines, it may be found in the low voltage main distribution area. As there are / have been different types in use, control is not unified.

Type NZM 12 from Moeller
The PS automatically applies voltage provided there is a voltage signal (DO1.4) set from the PLC and the safety chain is closed. There is no ready-acknowledgement (DI1.1). Release to switch the PS is set and reset in parallel to the connection command to the frequency converter (CCU) (DO1.13) if the PS is switched off by the CCU.

Merlin-Gerin (M16N1) – or Moeller Power Switch (IZM 32):
The PS automatically applies voltage provided there is a voltage signal (DO1.4) set from the PLC and the safety chain is closed. If the CCU is connected and the voltages (grid and rotor) are synchronous, the CCU sets signal U-coil to the PS. The PS ready-acknowledgement (DI1.1=1) is thus set. Only then is the power switch connected (DO1.6). The activated switch receives the ready-acknowledgement back, so that the control is not permanently on. This type of power switch type requires P26.2 =1 to be set.

1.2  G E N E R A T O R - F R E Q U E N C Y   C O N V E R T E R  (CCU)

In idling operation, the generator speed is controlled to the cut-in speed P3.8 (for SEG-CCU: 1250 rpm, otherwise 1130 rpm) by means of the blade angle. The CCU cuts-in, if the current blade angle is 4° greater than the minimum blade angle P12.6 for a period P8.2 (25s) (DO1.13). Then the wind is strong enough that the turbine remains on the grid for a while and is not disconnected with the next negative gust. This happens if either the power P4.7 remains for less time than P4.8 or if the speed falls (instantaneously) below the minimum load speed of P3.4. The release for pulsing is set simultaneously with the cut-in command, but is only reset 8s after the CCU is switched off (DO1.15).

The CCU can be switched on and off from the PC with frequency converter control function of visualization, even at low generator speed or in stamdstill, if the CCU is running in simulation mode.

When resetting, there are generally two reset pulses set, each of 500ms (DO1.14, DO1.16).

In grid operation the PLC issues a torque demand, dependent of the generator speed (an analog value 0..10V is converted to 4-20 mA via an isolation amplifier).


1.3   G E N E R A T O R   F A N   /   H E A T E R

Here there are also several turbine-specific fan controls in use :
1.3.1 VEM / Loher
1.3.1.1 Stationary Heating :
2 x 495W, 3 phase 400 V 
Control: (DO11.3).
ON = (nacelle temp. > min. windings temp. delay time: t=5min.) and no fan ON and n = 0
OFF = (nacelle temp. < min. windings temp. delay time: t=5min.) or at least one fan ON or n>0

1.3.1.2 Air/air Heat Exchanger
Axial Fan 4 kW 690 / 400 V 3000 1/min In approx. 4.6 A (external cooling circuit)
Control: (DO11.2).
ON = (outgoing air temp. > P14.1 or max. windings temp. > P14.4) OR 
            DO11.1 = 1
OFF = outgoing air temp. < P14.6 and max. windings temp. < P14.7    AND
            DO11.1 = 0
Vertical Fan (internal cooling circuit):
Internal circuit is cooled with a wave fan. Control via DO11.1 is planned, but no longer used. 

(***
Control: (DO11.1)
ON = (P average value (1 minute) > P14.10 AND “turbine on the grid”)              OR 
           (max. windings temp. > P14.8)                                                           OR
           (axial fan ON)
OFF = (P average value (1 minute)  < P14.11 OR “turbine separated from grid “) AND 
            max. windings temp. < P14.9
***)

no fan for the carbon dust filter
1.3.1.3 Parameter Values
see current parameter list

Caution:
With the VEM generator care must be taken when selecting P14.10 (power vertical fan on) and P14.11 (power vertical fan off) that the axial filter is switched on when coupling the turbine.

P14.10 = -100kW
P14.11 = -50kW
1.3.2 Manual Operation
The fan(s) in all turbines can be blocked with rotary switches at the top-box (DI11.15). The message 148 is thereby generated and the turbine brakes in the feathered pitch position as the generator might otherwise overheat. 
Furthermore, the fans may be switched on and off from a PC or from the operating device at the top-box via the frequency converter control function. The turbine remains on the grid in automatic mode if the fans are switched off or permanently switched on!!! (at the PC with F5, CCU automatic mode, at the operating device the function key Switch manual / automatic, the LED must not light).


1.4  G E A R B O X   L U B R I C A T I O N   P U M P  /  C O O L E R / C A R T R I D G E   H E A T E R
  
1.4.1 Lubrication Pump Control  (DO11.10)

Always switched on: if the generator is on the grid or in idling mode (high speed) or if the gearbox heating is switched on.
Switched off when rotor brake is applied and speed =0 rpm and heating turned off or during grig loss.
Otherwise, in spinning operation with interval control every 18 minutes for 3 minutes.

1.4.2 Gearbox Cooler Control

The gearbox oil cooler is controlled with hysteresis, dependent of the gearbox oil temperature : (DO11.11)
T >  P10.9   (65°C) and oil pump on : oil cooler on
T <  P10.10 (60°C) or oil pump off: oil cooler off
1.4.3 Gearbox Cartridge Heater Control
These are controlled with hysteresis, dependent of the gearbox oil temperature : (DO11.12, DO11.13)
T < P10.4 (10°C) : heating on
T > P10.5 (20°C) : heating off

If the gearbox oil temperature is below the minimum (P13.7) and the wind > 4m/s, the heating and pump are also controlled when stationary. If the heating is switched on and the turbine comes to a halt, the heating remains on.
1.4.4. Gearbox bypass Filter Control (only Eickhoff gearbox)
The EW1 has a bypass filter for fine filtration (2m), even at low oil temperatures. The pump (DO11.14) is switched on at: 
	T_oil sump  > P14.13 and T_oil sump  < P14.14	and Bit 2 of P26.3 is set,
and switched off if
	T_oil sump  < P14.13 – 5°C 	or 
	T_oil sump  > P14.14 + 5°C	or
	FM194 (gearbox bypass filter soiling)	or
	FM195 (gearbox bypass pressure loss)	
1.5  W I N D   T R A N S D U C E R    H E A T I N G

The wind sensor heating is controlled by hysteresis :  (DO11.15)
T_outside <  5°C  : on
T_ outside >  10°C : off


1.6  H Y D R A U L I  C S  /  R O T O R  B R A K E

1.6.1 Hydraulic Pump Control (DO11.7)
The pump is switched dependent on the system pressure (DI12.4) : No pressure – pump on, pressure built up – pump off. It also remains off in the case of grid loss, error due to too long pumping time, too short pump (interval) period or open safety chain.
The pump is only activated by activating the brake valve (brake released, DO11.9).

The hydraulic pump can be blocked with the top-box switch with the message 47, causing a shutdown of the turbine.
1.6.2 Rotor Brake
The brake is applied with braking procedures 2 – 5, if the rotor blades are in the feathered pitch position and the gen. speed < P2.10 (it serves as a holding brake) and conditions fulfilled described below or immediately with braking procedure 6 (supports the braking with the blade adjustment).
Extreme gusts at or greater than 30 m/s cause the brake to be released again despite the presence of a disturbance, except when it is impossible for the hardware because of the open safety chain. Therefore, caution when carrying out maintenance work, e.g. in the hub or applying the rotor lock !!

A soft (half braking pressure) or a hard (full braking pressure) brake may be carried out. This depends on the generator speed with braking procedure 6 :
gen. speed > P2.11 : hard brake (DO11.8)
gen. speed < P2.11 : soft brake (DO11.9)
Braking procedures 2 –5 involve an immediate soft braking, followed by a hard braking after 2 minutes.

The brake is only applied for
·	v < 2 m/s (averaging period of 5min) and at least once v > 0.1 m/s in 2 h,
·	grid loss,
·	gearbox failure (pressure, oil level),
·	manual/remote stop 
·	open safety chain or
-	blades not in feathered pitch position
and remains released for
·	v > 4 m/s (averaging period of 5min) or v <= 0.1 m/s 2 h long (anem. defective or prolonged calm),
·	no grid loss,
·	no gearbox errors,
·	no manual stop 
· closed safety chain and
· blades in feathered pitch position

The brake can be released (DI11.13) in manual stop, with a button at the top-box e.g. to advance the rotor to the right position in order to enter the hub. If the button is released, the brake is applied again. 


1.7  Y A W   D R I V E

Three operating modes are available to control the yaw motors : 
· wind direction tracking
· cable unwinding
· manual operation

1.7.1 Wind Direction Tracking
This is carried out if the averaged wind speed (P6.2) exceeds the azimuth start wind (P6.1) or gen. rot speed by 100 rpm. It is correspondingly deactivated if the averaged wind speed (P6.2) is lower than the azimuth start wind (P6.1). Wind direction tracking is activated dependent of the wind vane center signal (DI11.8), which tells whether the angle between the wind direction and nacelle is positive or negative. The wind vane flaps around in the wind direction, i.e. if the center signal often changes its state, the nacelle is set in the wind direction. If a state (0 or 1) applies over a long period, a variance to the wind direction exists and it must be tracked. The period of the variance is firstly determined by calculating an average (average center signal, e.g. longer 0 than 1, up/down counter with the start time P11.2) and from an absolute calculation (center signal permanently = 0, timer with start time P11.1). This represents a slower reaction to a continually changing wind direction and a rapid reaction to sudden wind direction changes.
If tracking is necessary, firstly the brake is released (DO1.27=1 and DO11.28=1) and a second later the motors are driven left or right according to the variance (DO11.25=1 or DO11.26=1). If the center signal changes state, motion is continues for a period (P11.3) and then the motors switched off and the brake applied.


1.7.2 Cable Unwinding
From the azimuth rotating head signals (DI11.1, DI11.2), the cable winding is measured, i.e. how often the nacelle has rotated around the tower axis relative to the 0° nacelle position (cable not twisted). If the number of rotations is reached at a standstill or while spinning P11.5 or otherwise P11.6, the automatic wind tracking is blocked, the turbine is braked to the spinning state and then the cable unwinding to the left (rotations > 0) or to the right (rotations < 0) is carried out for a whole number of rotations. The brake and motors are controlled as in 1.7.1. Thereafter, automatic wind tracking is reactivated.

1.7.3 Manual Operation
The azimuth can be blocked or manual drive selected with the switches and keys at the switching boxes. Similarly, manual operation is possible from the turbine PC, a remote PC or from the operating device at the top-box. If the manual operation or manual blocking has continued for an hour, the wind turbine is shut down if on the grid or the start is blocked.
1.8  E M E R G E N C Y    I L L U M I N A T I O N

Current relay contacts (DI11.23, DI11.24) are monitored from the lamps when the twilight switch (DI11.22) is on : within 30 sec these should be blinking or permanently set. If this is not the case for one of the contacts, the lamp could be defective (disturbance). Both signals on LOW indicates a failure, both lamps could be defective. Status message 152 is set to indicate the disturbance and failure. 

1.9  M A R I N E   I L L U M I N A T I O N (only offshore)

Current relay contacts (DI12.15, DI12.16) are monitored from the lamps when the twilight switch (DI11.22) is on : within 30 sec these should be blinking or permanently set. If this is not the case for one of the contacts, the lamp could be defective (disturbance). Both signals on LOW indicates a failure, both lamps could be defective. Status message 193 is set to indicate the disturbance and failure. 


1.10  B L A D E   A D J U S T M E N T
1.10.1 Automatic Operation
The blade adjustment drives (pitch) control takes place through a multi-axis controller in the hub, connected with the PLC via a serial data connection (RS422, 4 wire line, full duplex). The RS422 interface is found in the PLC in the top-box (RS204/T hardware module, 3 SUB-D9).
The controller contains 3 cascade blade angle controllers, to control to the demands assigned by the PLC, dependently of one another. If the blades are not driven (feathered position, spinning, partial load operation) the controller is brought to “reset”, where the controller applies the brake and resets the release signal for the cascade pitch speed controllers (thyristor actuators). Only the current blade angle value and the states are read without setting new demands for blade angle. In unsteady operating states (turbine run-up and shutdown) and in full load operation new demands are sent to the controller (the same for each axis), the controller controls the position with brake pads released and activated pitch speed controllers.
In this “normal operation” the pitch motors are supplied by (rectified) line voltage, the PLC sets the “grid operation pitch” output (DO11.19=1). In serious disturbances (e.g. controller error, overspeed or errors which open the safety chain) or in the case of grig loss, the blades are driven unregulated in battery operation (DO11.19=0) with the maximum adjustment rate (approx. 12°/s with battery voltage of  216V and approx. 8°/s with battery voltage of  144V) to the feathered pitch position up to the limit switch at 90°.
If this battery shutdown is reseted, the PLC has to set a bridging signal of the 90° limit switches (DO11.20), in order that the regular blade operation can be resumed. 



1.10.2 Manual Operation (PLC)
The pitch manual operation can be activated in turbine standstill via the turbine PC and remote PC (blade angle control function) by driving the blades in the same direction -, direction +, halting the adjustment with Stop or by assigning a combined or individual axis demand. 
The blades may also be driven in the direction -, direction + from the operating panel on the top-box.
If automatic mode is selected again, the blades are driven back to the feathered pitch position.

1.10.3 Manual Operation (pitch controller)
At the control box in the hub, there is a switch, with which manual operation at the controller may be selected, without the PLC assigning other blade angle setpoints. (see Operating Manual GEL 8310 controller). Only single direction drives are possible with the keystroke combinations : F1 + /  (slow drive), F2 + / (fast drive),         F3 + /  (switching to other axes).

2 Monitoring Disturbances

If disturbances occur, the turbine is braked with the following braking procedures.
 
2.1 Braking Procedures

	braking 
proce-dure
	Aerodynamic
	Electric
	Mechanic

	0
	Only warning, no shutdown

	1
	not applicable

	2
	Speed control giving increasing blade angle demand (pitch rate appr. 1-2°/s). The rotor blades are driven to the feathered pitch position P12.1
	speed-depending torque demand
	The rotor brake is only closed  in the feathered pitch position depending on conditions described in 1.6.2.

	3
	Controlled rotor blade adjust-ment with fast ramp P12.4 to the feathered pitch position P12.1.
	Torque demand = 0 
	The rotor brake is only closed  in the feathered pitch position depending on conditions described in 1.6.2.

	4
	Controlled rotor blade adjust-ment with fast ramp P12.4 to the feathered pitch position P12.1.
	Torque demand = 70% of rated  torque for speed > P3.4 + 400 rpm 
	The rotor brake is only closed  in the feathered pitch position depending on conditions described in 1.6.2.

	5
	unregulated rotor blade adjust-ment with battery, pitch rate depending on current battery voltage
	Torque demand = 70% of rated  torque for speed > P3.4 + 400 rpm 
	The rotor brake is only closed  in the feathered pitch position depending on conditions described in 1.6.2.

	6a
	unregulated rotor blade adjust-ment with battery, pitch rate depending on current battery voltage
	Torque demand = 0
	simultaneous activation of the disk brake without opening the safety chain. With high speeds hard braking, otherwise soft braking

	6b
	unregulated rotor blade adjust-ment with battery, pitch rate depending on current battery voltage
	Torque demand = 0, open safety loop immediately opens synchro-nization switch
	simultaneous activation of the disk brake with opening the safety chain (hard braking).

	7
	At speed < 100 rpm rotor blade adjustment to the feathered pitch position P12.1
	Torque demand = 0
	Braking test : Application of the disk brake (hard braking).at P = 500kW without simultaneous blade adjustment  




2.2  List of Messages

For some status messages, from which the turbine is braked, a restart follows resolution of the cause of error. These are indicated with ‘A’ in the 4th column of the table. Where there is a number, there follow repeated, automatic resettings corresponding to this number, which also give release for a restart. If this number of disturbances is exceeded, the turbine remains braked. The number of restarts for temperature errors is given by P13.11. 


	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	1
	program start PLC
	2
	A
	PLC was freshly started

	2
	no error
	-
	
	turbine free of error

	3
	manual stop
	2
	
	manual stop from switching box key or turbine PC (general control function or DI1.13=0 (Bvb =1)  or DI11.11=0 (BvB=1) )

	4
	remote stop
	2
	
	manual stop from remote PC (general control function)

	5
	remote start
	-
	
	turbine start from remote PC (general control function)

	6
	system OK
	-
	
	no error and no manual stop

	7
	storm shutdown
	2
	A
	wind P6.5 time averaged P6.6 exceeded or
wind P6.7 exceeded for period P6.8 or
blade angle below P12.10 for a period P6.8 

	8
	Overvoltage
	6 a
	A
	one of the line voltages exceeded P20.1for a period P20.7 

	9
	Undervoltage
	6 a
	A
	one of the line voltages below P20.1for a period P20.7

	13
	Asymmetric generator current
	4
	A
	2 current phased deviate from one another by P20.5 for more than 500 ms

	14
	generator overspeed
	6 a
	
	generator speed  below P1.1 for a period of  P1.2 

	15
	rotor overspeed
	6 a
	
	rotor speed below P1.3 for a period of  P1.4 

	16
	Rotor speed monitor
	6 b
	
	overspeed on (rotor) monitor, Ind. proximity switch between gearbox and generator (DI12.11 =1)

	17
	Centrifugal switch 
	6 b
	
	overspeed on centrifugal switch (DI11.18=1)

	19
	maximum motor power
	3
	
	power below P4.10 for 1 sec 

	20
	cable twisting right
	2
	A
	P11.5 rotations spinning or P11.6 rotations in all states exceeded

	21
	cable twisting left
	2
	A
	P11.5 rotations spinning or P11.6 rotations in all states exceeded

	22
	yaw drive end position
	2
	
	nacelle rotations P11.7 exceeded

	23
	Peak value for excessive output 
	3
	5
	power  P4.2 exceeded for period P4.3 

	24
	primary braking time too long
	6 a
	
	blade drive time P8.7 for type 2 braking  to feathered pitch position or speed not under 80 rpm in time P8.7

	25
	no speed reduction with primary braking (pitch)
	6 a
	
	no reduction in generator speed with braking types 3-5 after the first 5 sec, after 0.5 sec thereafter and not below 300 rpm

	27
	secondary braking time too long
	6 a
	
	not below speed of 80 rpm after a period P8.6 after application of brake 

	28
	no speed reduction with secondary braking 
	6 a
	
	no reduction in generator speed with braking types 6-7 after the first 5 sec, after 0.5 sec thereafter and not below 300 rpm

	31
	timeout yaw counter 
	2
	
	for azimuth adjustment there is no pos. gear drive – signal flank (DI11.1) within a period P11.9 




	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	34
	brake not released
secondary brake
	3
	
	after period P9.6 following opening of the brake, the brake is not released (DI12.3=0) for a period of  P9.9

	35
	Emergency stop
	6 b
	
	emergency off button activated in control box (DI1.4=1)

	36
	speed with braked turbine
	6 b
	
	below gen. speed 14 rpm / rotor speed 1.5 rpm  30 sec after application of brake

	38
	secondary brake test
	7
	A
	brake test after 1400 h below power 500 kW without pitch brake

	41
	vibration sensor defect
	3
	1
	monitoring accelerometer (PCH):
error signal DI11.32 = 0 or accel. with braking < test level (P7.11) or test brake < 2,5 m/s² 

	42
	wrong yaw drive direction
	2
	(A)
	identification of wrong direction : apply brakes immed. and reset timer / counter. 1.: no fault message, 
2.: shut down turbine with EM 42, 3.: stationary at v = v3 block restart, block azimuth for v > v3 - 5 m/s, 4.: stationary at v < v3 - 5 m/s EM 42 must be manually acknowledged, azimuth is blocked.
If the rotational direction is correct for the trials 1-4, start the turbine and disturbance message 42 is withdrawn. 

	43
	
	
	
	

	44
	
	
	
	

	45
	hydraulic pump time too long
	2
	5
	hydraulic pump period above P9.5 (no EDS-built up in the period)

	46
	hydraulic pump (interval) time too short
	2
	
	hydraulic pump interval period below P9.4 

	47
	hydraulic service switch top cabinet
	2
	
	hydraulic service switch  activated (DI11.14=0)

	48
	
	
	
	

	51
	gearbox oil level too low
	2
	5
	gearbox oil level too low and gearbox temp. exceeded by 5°C for period P10.2 (DI12.5=0)

	52
	gearbox oil pressure too low
	2
	5
	gearbox oil pressure too low for a period P10.1 delayed for a period P10.8 after switching on pump (DI12.9 = 0)




	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	53
	wind vane defect
	2
	5
	azimuth adjustment angle 200° exceeded and no flank change in center signal (DI11.8)

	54
	anemometer defect
	2
	5
	power P6.9 exceeded for period P6.10 and wind less than 4 m/s for period P6.10 

	55
	rotor pulse sensor defect
	2
	5
	no rotor pulse (CNT11.8) for 10 sec, if rotor speed below P1.11 

	56
	gen. pulse sensor defect
	2
	5
	no rotor pulse (CNT11.11) for 10 sec, if rotor speed below P1.11/P1.5 

	57
	ratio generator/rotor speed
	3
	5
	deviation P1.6 generator /rotor speed for period P1.7 exceeded
or immediate generator speed signal value failure

	58
	Demand to stop by an external. device
	2
	
	DI1.27=0 

	59
	vibration switch
	6
	
	vibration switch activated (DI11.9=1)

	60
	yaw limit switch activated 
	2
	
	azimuth limit switch activated (DI1.15=1)

	61
	
	4
	
	

	62
	PLC fault collection
	5
	
	failure fast bus communication to PLC slave at top box

	63
	safety chain
	6
	
	safety chain activated (DI1.14=0)

	64
	motor protection
	2
	
	motor protection control box MFR13 activated (DI1.5=0)

	65
	main switch activated
	4
	
	power switch activated (DI1.2=1)

	71
	gearbox oil soiled 
(shutdown)
	2
	5
	filter soiled (course) for period  P10.6 (DI12.7=1) 

	72
	
	
	
	

	75
	generator bearing A 
overtemperature
	2
	P
13.11
	temperature above P13.4 for 60 sec, restart: 
temperature under P13.4 - 15°C 

	76
	generator bearing B 
overtemperature
	2
	P
13.11
	temperature above P13.5 for 60 sec, restart: 
temperature under P13.5- 15°C

	77
	gearbox oil 
overtemperature
	2
	P
13.11
	temperature above P13.8 for 60 sec, restart: 
temperature under P13.8 - 15°C

	78
	outside temperature too low
	2
	P
13.11
	temperature above P13.10 for 60 sec, restart: 
temperature under P13.10 - 15°C

	81
	shaft bearing overtemperature
	2
	P
13.11
	temperature above P13.12 for 60 sec, restart: 
temperature under P13.12 - 15°C (only from EW1.5s)

	82
	yaw motor
overtemperature
	2
	A
	one of the 3 PTC-temperature sensors on the azimuth motors report excessive temperature (> 155°C) (DI11.3=0) 

	83
	gearbox bearing B overtemp. (only offshore)
	2
	P
13.11
	temperature above P13.13 for 60 sec, restart: 
temperature under P13.13 - 15°C





	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	84
	gearbox oil temp. to low
	2
	P
13.11
	temperature below P13.7 for 60 sec, restart: 
temperature above P13.7 + 5°C 

	86
	Brake pads worn,  secondary brake
	2
	
	brake lining worn for 20 sec (DI12.2=0)

	87
	restart time delay
	2
	A
	set after grig loss, temperature errors, storm and calm, period P8.1

	88
	multiple overtemp. Shutdown
	2
	
	display. P13.11 temp. errors 75-77, 81, 98-100, 103, 107, 115,139 exceeded

	89
	gearbox oil dirty (warning)
	0
	A
	filter soiled (fine) for period P10.6 (DI12.6=1)

	94
	control call
	0
	
	parameter P23.6 > 0 causes an error number to be set for 30 sec.

	95
	PC restart
	0
	
	180 sec after fresh PC reset set the message for 60 sec via Watchdog function 

	97
	generator cooling air
overtemperature
	2
	P
13.11
	temperature above P13.6 for 60 sec, restart: 
temperature below P13.6 - 15°C

	98
	gearbox bearing overtemperature
	2
	P
13.11
	temperature above P13.9 for 60 sec, restart: 
temperature below P13.9 - 15°C

	99
	generator 1 overtemperature
	2
	P
13.11
	temperature above P13.1 for 60 sec, restart: 
temperature below P13.1 - 15°C

	100
	generator 2 overtemperature
	2
	P
13.11
	temperature above P13.2 for 60 sec, restart: 
temperature below P13.2 - 15°C

	101
	motor protection fuse
	2
	
	24V fuse protection in control box activated (DI1.6=0)

	102
	motor protection top cabinet
	2
	
	motor protection top cabinet activated (DI1.7=0)

	103
	generator 3 overtemperature
	2
	P
13.11
	PTC-temperature generator sensor reports overtemp. (DI12.14=0)
(for BvB and first Bachmann  turbines not yet wired!)

	104
	
	
	
	

	105
	Rotor CCU fault voltage
	4
	1
	voltage error, pulser (generator side)  (DI1.19=0)

	106
	Rotor CCU fault current
	4
	1
	current error, pulser (generator side)  (DI1.20=0)

	107
	Rotor CCU fault temperature
	4
	5
	temperature error, pulser (generator side) (DI1.21=0)

	108
	rotor locking
	6 b
	
	one of the rotor locks is engaged (DI12.10=1)

	109
	gen. carbon dust filter dirty
	0
	
	filter soiling for period P8.4 (DI11.20=1)

	110
	speed in tower resonance range
	2
	A
	generator speed in tower resonance range P1.8 - P1.9 for period P1.10

	112
	Responce signal from CCU
	4
	5
	control (DO1.13) and (acknowledgement freq. converter (DI1.18)   AND acknowledgement Main switch (DI1.3)) differ for 65 sec




	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	113
	Line CCU fault voltage
	4
	1
	voltage error pulser (line side)  (DI1.22=0)

	114
	Line CCU fault current
	4
	1
	current error pulser (line side)  (DI1.23=0)

	115
	Line CCU fault temperture
	4
	5
	temperature error pulser (line side)  (DI1.24=0)

	116
	line fault voltage

	6 a
	A
	Line voltage error (DI1.25=0)

	117
	Line fault frequency 
	6 a
	A
	Line frequency error (DI1.26=0)

	118
	EMERGENCY STOP
TOP-BOX
	6 b
	
	emergency off top-box/hub activated (DI11.16=1)

	119
	pitch controller timeout
	5
	
	10 timeout periods of 150 ms exceeded from pitch controller

	120
	communication fault pitch controller
	5
	
	6 communication errors in receipt package from pitch controller

	121
	axle disturbance 1 
pitch controller
	5
	1
	pitch controller reports axle disturbance for a period P12.12 (axle state bit 7=1)

	122
	Collective fault pitch controller
	5
	1
	pitch controller reports unit disturbance for a period P12.12 (axle state bit 7=1)

	123
	gearbox oil cooler switch contact
	2
	P
13.11
	gearbox oil (60 °C) exceeded for 1 sec (DI12.40=1), not for EW1.5s

	124
	Pitch overrun 0°
	5
	
	at least. 1 rotor blade at limit switch (-10°) (DI11.28=0)

	125
	Pitch overrun 90°
	4
	
	at least. 1 rotor blade at limit switch (90°) (DI11.27=0)

	129
	generator speed implausible
	3
	5
	deviation P1.6 generator / gearbox speeds exceeded f. period P1.7 

	130
	braking time blade 1 too high
	6
	
	drive time P8.5 exceeded for blade 1 for battery shutdown to the feathered pitch position

	131
	braking time blade 2 too high
	6
	
	drive time P8.5 exceeded for blade 2 for battery shutdown to the feathered pitch position

	132
	braking time blade 3 too high
	6
	
	drive time P8.5 exceeded for blade 3 for battery shutdown to the feathered pitch position

	133
	battery charging 
rotor blade drive
	2
	A
	battery charging at standstill for period 8.8 after message ‘battery voltage too low’ or ‘braking time blade 1, 2 or 3 too long’ after battery test double the time 

	134
	battery charging voltage not o.k.
	2
	5
	battery charging voltage not o.k. (DI11.29 = 0) or (until V1xx25) batt. voltage too low (input 5 for each controller axis = 0, see P25.1-3)

	135
	battery test
	2
	A
	battery test every 700 h, when the wind below 3.5 m/s

	136
	Limit switch rotor blade 0° defect
	6
	
	message blade at limit switch (DI11.28=0) and blade angle > 0°

	137
	limit switch rotor blade 90° defect
	4
	
	message blade at limit switch (DI11.27=0) and blade angle   feathered pitch position




	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	138
	Temperature warning
pitch motor
	0
	
	warning temp exceeded for at least 1 pitch (bit 1 dig input pitch controller=0)

	139
	Overtemprature
pitch motor
	2
	P
13.11
	max. temp exceeded for at least 1 pitch (bit 2 dig input pitch controller=0)

	140
	motor protection
pitch motor
	4
	
	motor protection activated from at least one pitch motor (bit 1 dig input pitch controller=0)

	141
	Rotor CCU collective fault 
	4
	1
	other errors PWR (DI1.19=0, DI1.20=0, DI1.21=0)

	142
	line CCU collective fault 
	4
	1
	other errors NPR (DI1.22=0, DI1.23=0, DI1.24=0)

	143
	Pulse sensor rotor monitor defect
	2
	5
	no pulses (DI12.1) to overspeed monitor for 10 sec, if gen. speed P1.11 is exceeded

	144
	blade angle asymmetry
	5
	
	deviation P12.9 of 2 blade angles for a period P12.10 or 4° for 200ms exceeded in pitch automatic mode

	145
	blade pitch control deviation
	5
	
	deviation P12.7 of blade angle current value and demand for a period P12.8 or in excess of 10° for 200 ms in controlled pitch operation.. When braking 6 times the deviation from P12.7 is allowable

	146
	turbine stopped due to calm
	2
	A
	below 15% of speed P2.1 when spinning, 30 sec time delay, reset for exceeding wind 3.5 m/s at standstill

	147
	load shutdown
	2
	
	command load shutdown from turbine PC or remote PC causes shutdown in feathered pitch position

	148
	generator fan service switch
	2
	
	service switch gen. fan activated on top-box (DI11.15=0)

	149
	Axle 2 fault, pitch controller
	5
	1
	pitch controller reports axle disturbance 2 for period P12.12 (axle state bit 7=1)

	150
	Axle 3 fault, pitch controller
	5
	1
	pitch controller reports axle disturbance 3 for period P12.12 (axle state bit 7=1)

	151
	Responce circuit breaker generator brush
	2
	
	Not used in USA/Spain

	152
	Obstruction light
Error/failure
	0
	
	if twilight switch (DI11.22) = 1 and no appearance of a 24V signal of 24V-supply or fault/failure signal of Reetec device within 30 sec (DI11.23 / DI11.24 = 0)
monitoring twilight switch : If  P26.3 Bit6 = 1 and between. 11 PM and 3 AM  DI11.22 = 0 for 30 sec, then FM152, too. (from V1xx26)

	153
	brush wear generator
	(2)
	
	brush limit switch reports excessive wear (DI11.19 =0)  (from turb. 3), after a period P8.11 the turbine is braked

	154
	generator cooling water pressure/level not ok
	2
	5
	only for EW1.5/70.5 (Tehechapi)  monitor generator water cooling  (DI11.21=0), if P26.3 Bit 0 = 1




	Status No.
	Description
	Braking procedure
	No. of auto resets
	Error identification

	155
	maintenance
	2
	
	service rotary switch is set to the ‘maintenance’ position (DI1.29 = 1). No remote commands will be carried out. With a start command the turbine will restart for 30 minutes.

	156
	repair
	2
	
	service rotary switch is set to the ‘repair position (DI1.30 = 1).. No remote commands will be carried out. With a start command the turbine will restart for 30 minutes.

	157
	brake does not close
	6a
	
	1 sec after applying the brake message that brake still released (DI12.3=1) 

	161
	Overvoltage protection triggered
	0
	
	The overvoltage protection device in main (DI1.16=0) or top switch cabinet (DI11.30=0) is faulty and can not make sure any overvoltage protection

	162
	fault battery charge switching
	0
	
	charge switching relays stay 2h = 1 (dig. Input 7 axis 2 at controller)

	163
	torque
deviation
	2
	5
	assigned torque demand and power are implausible.
Deviation converted to kW : 200 delayed by 30 sec

	164
	maintenance switch pitch
	2
	A
	a maintenance switch on the axle box seperates the batteries from pitch motor (DI11.26= 0)

	165
	service switch pitch
	2
	A
	switch setting at the control box Hub is in manual operation, blade adjustment is possible from the controller, without an error or assigned demand from the PLC (dig. Input 7 axis 1 at controller)

	166
	Normal operation
	0
	
	Signals end of :  low noice operation, stop by an external device, ice alarm, Direction dependent shut-down

	167
	voltage limitation activated
	0
	
	voltage is limited by assignment of an inductive reactive power < 1, phi < 0° and /or power limitation  

	168 
	Reserve
	
	
	

	169
	waiting for gearbox oil pressure
	2
	A
	when oil pump on (DO11.10=1), P10.1 (delay time oil pressure gearbox) > 70 sec and curr. delay time > 5 sec.
Note: why the turbine does not yet start after the START button has been activated

	170
	increasing speed with falling blade angle
	0
	A
	monitoring pitch / generator speed gradient :
50ms-averaged speed increases with falling blade angle -> delays for period P26.5 in ms, FM170 remains set for 2 sec 

	171
	service key brake release
	0
	A
	when activating the button ‘release brake’ at the top-box  (DI11.13=1) in the feathered pitch position. Message remains 30 sec after releasing the button

	172
	Ice sensor alarm 
	2
	A
	The ice sensor detects or indicates low temperature and high humidity. Maybe there is ice at the rotor blades.




	Status No.
	Description
	Braking procedure
	No. Of auto resets
	Error identification

	173
	low-noise operation
	0
	A
	turbine runs at lower speed and power, cleared through P27.1. ‘max. rotor speed low-noise’ operation and activated via input DI1.31=1

	174
	overtemp. transformer
warning 
	0
	A
	input DI2.7 = 1 for 30 sec, signal from PTC resistor activation device MSF220K (offshore) or transformer temperature > P13.17, if Bit5=1 of P23.6, automatic reset below P13.17-15°C

	175
	overtemp. transformer
disturbance
	2
	P
13.11
	input DI2.8 = 1 for 30sec, signal from PTC resistor activation device MSF220K (offshore) or transformer temperature > P13.18, if Bit5=1 of P23.6, automatic reset below P13.18-15°C

	176
	drive train vibration
	2
	5
	drive train acceleration > f(P7.9, v_wind) for period P7.10 and P7.12 bit 2 = 1 or Bit 15 = 1, from V1x023 :
f = fmin = 100 * trunc(P7.9/100)  for v_wind < vmin =trunc(P7.4),
f = fmax = fmin + 100*(P1.9-fmin) for v_wind > vmax = trunc(P7.4) + 10* (P7.4 - trunc(P7.4)),
f = fmin + (v – vmin ) * ( fmax – fmin) / (vmax – vmin) else

	177
	tower vibration
	4
	5
	Accelerometer monitors the frequency range around the tower’s resonance frequency (approx. 0.28 Hz) and alarms (DI11.31=0 and P7.12 bit 1 =1) or tower acceleration > P7.7 for period P7.8 and P7.12 bit 0 = 1 (for large / soft towers >= 80m) 

	180
	wind deviation
	4
	A
	1sec-average wind direction deviation value > P7.5 (60°) or
10sec average value > P7.6 (40°) and
4min- average wind speed > 7 m/s

	181
	Idling position
	0
	A
	turbine in spinning mode

	182
	start up
	0
	
	turbine starting up / no/load mode

	183
	load operation
	0
	
	turbine in load operation

	184
	shutdown
	0
	A
	turbine shutdown (braking)

	185
	manual operation pitch
	4
	
	Manual blade adjustment with pitch rate P12.5 (control function –blade angle or operating function at the top-box operating device )

	186
	manual operation speed
	0
	
	Manually assigned generator speed in idling mode (control function -speed)

	187
	manual operation torque
	0
	
	Manually assigned torque in load operation (control function –freq. converter), if 30min manual operation  the turbine is braked

	188
	Manual operation, line seperation
	0 a
	
	manual grid separation (control function - frequency converter)
speed control to setpoint P3.4 in idling mode, if 30min manual operation  the turbine is braked




	Status No.
	Description
	Braking procedure
	No. Of auto resets
	Error identification

	189
	manual operation yaw
	0
2,after
1h
	
	manual azimuth adjustment or azimuth blocking with service switch (control function – general, operation function at operating panel at top-box) DI1.10 = 1, DI1.11 =1 or DI11.10 =1), if 30min manual operation  the turbine is braked

	190
	temperature error container

	0
	P
13.11
	temperature below P13.14 for 60 sec or temperature above P13.15 for 60 sec, reset temperature over P13.14 + 5°C and below P13.15 – 5°C (offshore only)

	191 
	manual operation gen. fan
	0
	
	in manual operation from PC (local or remote) or operating device, fan is then permanently on or off, if 30min manual operation  the turbine is braked

	192
	Wrong parameter check sum
	2
	
	At PLC restart the remanently stored parameters are checked according consistency of check sum. If there is any differences the default values are loaded. This message 192 shall remark to it, the tuirbine is blocked for run-up. Message remains set, until the release parameter (P26.12) and the tower resonce parameter (P1.8/9) are set correctly and the message is reset by the operator.

	193
	marine obstuction light

	0
	
	if twilight switch (DI11.22) = 1 DI12.15 (prewarning) or DI12.16 (failure) =0 longer than 30sec (offshore only)

	194
	by-pass filter soiling 
	0
	
	if oil sump temp. > (P14.13 + P14.14)/2 (by-pass filter pump DO11.14 =1) and DI12.8 = 1 longer than 5 mins. -> shutdown by-pass filter pump DO11.14 =0

	195
	gearbox pressure loss by-pass filter 

	0
	
	if by-pass filter pump P11.14=1 and DO11.14 =1 and DI12.12 = 0 (pressure switch) longer than 10 sec -> shutdown by-pass filter pump DO11.14 =0

	196
	Pre-heating fault CCU cooling system 
	2
	
	No increasing of CCU cooling system temp. by 3K during 150s of pre-heating (offshore only)

	197
	Overtemp.  CCU cooling system 
	2
	P
13.11
	temperature above P13.15 for 60 sec, restart: 
temperature below P13.15 - 15°C  (offshore only)

	198
	pressure fault CCU cooling system 
	2
	
	IF pump1= on OR (pump2 = on AND valve 1,2 = on) AND DI2.1 = 0 (pressure switch) THEN FM198 (5sec delayed) 
(offshore only)

	199
	test fault CCU cooling system 
	0
	
	Not enough pressure (DI2.1=0) during self test at turbine start 
(offshore only)

	200
	Pre-heating CCU cooling system active
	2
	
	Preheating CCU cooling system active (offshore only)




	Status No.
	Description
	Braking procedure
	No. Of auto resets
	Error identification

	201
	PLC fault 24V supply
	5
	
	The external 24V-power supply is failed at least one module of the control unit. (except DO216, DO232); possible error also defect module at 24V-side
More details via  P24.8, P24.9

	202
	PLC module failure
	5
	
	There is a fault at at least 1 module of the control unit. (except power supply, CPU module)
More details via  P24.8, P24.9

	203
	Fault temperature measurement
	2
	
	All temperature measurement at the PTAI module are constant for 10 minutes (resolution 0.1°).

	204
	FastBus Service Mode
	0
	
	From SW vers. 1x023 the PLC is configured without any reboot when there occures a fast bus communication error. The communication to the slave is retried again only after a manual reboot of the PLC master. For service purposes the setting can changed by the M-Manager to:
· Reboot at Slave failure
· Reboot at slave detection
With these settings FM204 appears.

	205
	overtemperatur TopBox
(EW900 only)
	2
	P
13.11
	temperature above P13.15 for 60 sec, restart: 
temperature below P13.15 - 15°C 

	206
	Gearbox pressure too high
(EW900 only)
	2
	
	DI12.12 = 1

	207
	Ground fault LVMD
(EW1.5/70.5(60Hz) only)
	2
	
	DI1.32 = 1 , FM207 delayed by P20.13 


	208
	No Activity CAN-Bus CCU
	3
	
	Live pulse (Togglebit 15 in status word P29.1) stays constant for a period of 150ms  -> CAN-Bus connection broken / disturbed or CCU switched off.

	209
	No activity CAN-Bus MFR13
	2
	5
	Multiplex number for CAN bus data from MFR13 (grid monitor device) stays constant for a period of 300ms  -> CAN-Bus connection broken / disturbed or MFR13 switched off.

	212
	Battery voltage low axis 1
	2
	
	Battery voltage too low axis 1 (input 5 f. axis 1 at pitch controller = 0, s. P25.1 und P25.9), from V1xx26

	213
	Battery voltage low axis 2
	2
	
	Battery voltage too low axis 2 (input 5 f. axis 2 at pitch controller = 0, s. P25.1 und P25.9), from V1xx26

	214
	Battery voltage low axis 3
	2
	
	Battery voltage too low axis 1 (input 5 f. axis 3 at pitch controller = 0, s. P25.1 und P25.9), from V1xx26

	215 
	Direction dependent shut-down
	2
	A
	Nacelle position is inside the direction range defined by P27.4-8 and P > P27.9 or v > P27.10, restart if v < P27.11 or Nacelle position is outside the direction range. from V1xx26




	Status No.
	Description
	Braking procedure
	No. Of auto resets
	Error identification

	216
	obstruction light switch over to auxiliary lamps
	0
	
	If DI11.25 = 0 for 30 sec with activated twilight switch (DI11.22 =1), then FM216, main lamps are defect, but obstruction light is still on with auxiliary lamps 

	217
	End of parameter state service
	2
	A
	After switching over of service switch to automatic the turbine stops after temporary parameter modification with service dongle or access.
After restart of the turbine the old parametrs are loaded again .

	218
	Frequent cut-ins
	2
	
	For a period of one hour and one day the nunber of activations of synchr.switch are counted. If these quantities are grater than P26.13 or P26.14, the turbine is switched-off with message 218. Suspicion on wrong parameter settings (no hysteresis switching-on/off !)

	219
	Ice sensor fault
	0
	A
	DI 12.15 = 0 for 2 min and P26.3 Bit 8 = 1, ice sensor indicates an error : sensor- or LID-Controller fault

	220
	External Stop caused by curtailment
	2
	A
	External command from park-PC with monitoring of curtailment,
because of turbulences some of turbines standing too close to each other should be switched off . 

	221
	External power limitation 
	0
	A
	External command from park-PC with max. power demand




3. Process Control

The process control leads the PLC to different operating states dependent on the turbine state (disturbed, faultless, calm, medium wind, storm, manual stop), in which diverse actions are to be performed (e.g. switching components on and off) and the transition conditions are monitored as described here, as required for changing operating states.


3.1 Summary of Operating States

The following operating states occur with the EW1.5:

· Idling in feathered Pitch Position / Standstill 
· Manual Pitch Adjustment
· Battery Test
· Spinning Mode
· Run-up
· Idling for cut-in
· Partial load Operation 1
· Partial load Operation 2
· Partial load Operation 3
· Upper Partial/Full Load Operation 
· Load shutdown
· Shutdown
· Fault shutdown

See picture, next page

Man./remote stop
Open safety loop
Low wind condition

Standstill
(closed rotor brake)
Run-up
Idling for cut-in

Load operation
Shut-down


Fault shut-down
Battery test
Manual pitch
Spinning mode
(blade angle : 65°)
Brake proc. 2
Brake proc. 3-6
Idling for too long
Cut-in speed reached
Speed > P2.1
No faults
Speed too small / brake proc. 2
Reset and start
Blades at feathered position
Blades at feathered 
position
Cut-in condition
Speed / power
 too small
Gen. cut-off
Brake proc. 3-6
Brake proc. 2



Idling in feathered position
(blade angle : 83° - 90°)
Load shutdown
Brake proc. 2

3.2  Description of States and Transitions

Idling in feathered Pitch Position / Standstill
The turbine is stopped to this operating state due to a fault, manual stop or calm. The rotor blades are normally in the feathered pitch position, either at P12.1 (85°) for braking types 2-4 or at approx. 90° after a battery shutdown (braking type 5 and 6). If the blades are not in the feathered pitch position, there is a defect in the blade pitch device (e.g. damage of pitch motor, battery defective or empty). Wind direction tracking is active when emergency button is not pressed, correct azimuth state and sufficient wind (v>P6.1).
The brake is normally released under these conditions (rotor idling). Only in some cases the brake be applied (standstill, see 1.6.2.)

Transition to other States:
to manual pitch adjustment selecting pitch manual operation (see 1.9.2)
to the battery test after message 135 (every 700h if v < 3.5 m/s)
to spinning mode in faultless states, after a calm (message 146), if the wind is strong enough for 
wind direction tracking and v > 3.0 m/s
Procedure:	1. activate gearbox pump, 
	2. if gearbox pressure built up, release brake
	3. when the brake is released, set blade angle to P12.2 (spinning position)



Manual Pitch Adjustment
The rotor blades are adjusted at a rate of P12.5 according to the user’s assignment at the PC or operating panel at the top-box. The brake can be released with a button, otherwise the rotor is braked.
Transition to other States
to the feathered pitch position by finishing the manual pitch operation 
to a fault shutdown by opening the brake (not with the button), emergency stop or extreme wind


Battery Test :
A battery test is carried out at intervals of 700 hours to test the charge state of the pitch motor batteries. For this purpose, the blades are driven to 0° with the rotor brake applied. Twice in succession, a battery shutdown is activated (removal of control for the line supplied conductor in the hub). The drive times are checked. If it requires longer than P8.5 for the blades to be driven to the 90° limit switches, the turbine remains stopped in the feathered pitch position with the fault messages 130 –132.
Transition to other States
to the  feathered pitch position after completion of the battery test
to a fault shutdown by opening the brake (not with the button), emergency stop or extreme wind


Spinning Mode:
The rotor blades are in the spinning position (P12.2) with rotor brake released. The rotor spins at different speeds depending on the wind speed.
Transition to other States
to run-up if the minimum spinning time (P2.4) is complete, the averaged speed > P2.1 and <P2.2, i.e. wind is available in the allowable range for load operation, not too weak (calm) and not too strong (storm)
to the feathered pitch position in the case of disturbances with brake procedure 2, man. stop or calm (averaged speed < 0.15 * P2.1)
to fault shutdown for disturbances with braking procedure 3-6


Run-up:
The rotor is accelerated by speed control by adjusting the blades towards direction 0°; with an average wind of < 9 m/s initially to a blade angle of 0°..approx 10°, with a gen. speed > P2.5 and then towards a minimum blade angle P12.6 (for stronger wind, the minimum blade angle is not reached). The speed ramp is initially flat (P2.8), with a speed > P2.5 steep (P2.7) and at a speed > P2.6 flat again (P2.8), such that speed reaches the cut-in speed of P3.8 with as small a gradient as possible.
Transition to other States
to idling for cut-in, once the partial load speed (P3.1) has been reached
to a shutdown due to disturbances with braking procedure 2, manual stop or exceeding the maximum idle period (P8.3)
to a fault shutdown for disturbances with braking procedure 3-6



Idling for cut-in:
The generator speed is controlled up to the cut-in speed P3.8 by adjusting the rotor blades. If the speed  cut-in speed and the blade angle > minimum blade angle P12.6 + 4° for a minimum period of P8.2, the frequency converter may be cut-in.
Transition to other States
to partial load operation 1, when the frequency converter is in operation (grid coupling)
to a shutdown due to disturbances with braking procedure 2, manual stop or exceeding the maximum idle period (P8.3)
to a fault shutdown for disturbances with braking procedure 3-6


Partial load Operation 1:
For the first minute in weak wind, the speed is held at the cut-in speed P3.8 to anticipate any transient effects after switching to the grid. Thereafter, the speed is controlled to the partial load speed 1 (P3.1) by assigning the generator torque to the frequency converter. In high winds, the turbine drives with variable speed to an aerodynamically optimal characteristic curve (torque = k*n²).
Transition to other States
to idling for cut-in, if speed < minimum load speed (P3.4) or power < minimum power (P4.7) with an averaging period (P4.8),
to partial load operation 2 if the lower tower resonance frequency (P1.8) > minimum load speed (P3.4) and speed >  switching speed (P3.6)
to upper partial/full load operation if lower tower resonance frequency (P1.8) < minimum load speed (P3.4) and speed  > switching speed (P3.6)
to load shutdown in case of disturbances braking procedure 2, manual stop, command grid separation.
to a fault shutdown for disturbances with braking procedure 3-6

Partial load Operation 2: (only with 80m towers and not speed limited)
The speed is controlled to the lower tower resonance speed (P1.8) through assignment of the generator torque to the frequency converter, in order that the speed does not come near the stimulation frequency for the tower’s vibration.
Transition to other States
to partial load operation 1 if the speed < switching speed (P3.6)
to partial load operation 3 if the torque demand > switching torque P5.5 for the period P5.7 or torque demand > 1.25 * switching torque P5.5 without delay or speed > lower tower resonance frequency (P1.8) + 75 rpm.
to idling for cut-in, if speed < minimum load speed (P3.4) or power < minimum power (P4.7) with an averaging period (P4.8),
to load shutdown in case of disturbances with braking procedure 2, manual stop, command grid separation.
to a fault shutdown for disturbances with braking procedure 3-6

Partial load Operation 3: (only with 80m towers and not speed limited)
The speed is controlled to the upper tower resonance speed (P1.9) through assignment of the generator torque to the frequency converter, in order that the speed does not come near the stimulation frequency for the tower’s vibration.
Transition to other States
to partial load operation 2 if the torque demand < switching torque P5.6 for the period P5.7 
to the upper partial / full load operation if the speed > switching speed (P3.7)
to load shutdown in case of disturbances with braking procedure 2, manual stop, command grid separation.
to a fault shutdown for disturbances with braking procedure 3-6

Upper Partial / Full Load Operation
The speed is controlled to the upper partial load speed (P3.2) through assignment of the generator torque to the frequency converter and to the full load speed (P3.3) through assignment of the blade angle.
Transition to other States
to partial load operation 3 if the upper limit of tower resonance range (P1.9) > minimum load speed (P3.4) and speed < switching speed (P3.7)
to partial load operation 1 if the upper limit of tower resonance range (P1.9) < minimum load speed (P3.4) and speed < switching speed (P3.6)
to load shutdown in case of disturbances with braking procedure 2, manual stop, command grid separation.
to a fault shutdown for disturbances with braking procedure 3-6


Load shutdown:
The generator torque is reduced to 0 on the torque characteristic curve, the speed is reduced to a minimum speed (P3.4)  with a ramp of high gradient (P2.7) by increasing the blade angle. For power < cut-out power (P4.9) or speed < minimum load speed (P3.4), the frequency converter is switched off. With command grid separation the speed is controlled to P3.4 in this no-load mode.
Transition to other States
to shutdown if frequency converter is switched off, but no command grid disconnection
to idling for cut-in with a command grid connection,
to a fault shutdown for disturbances with braking procedure 3-6


Shut Down:
The speed is reduced with a slow ramp gradient (P2.8) towards 0 rpm by inceasing the blade angle.

Transition to other States
To the feathered pitch position with blade angle > spinning angle and disturbances with braking type 2, manual stop,
to a fault shutdown for disturbances with braking procedure 3-6

Fault shutdown:
Rapid generator torque ramp with gradient 10*P5.2 to 0 for disturbances requiring braking procedure 3 or 6. Disturbances requiring braking procedure 4 or 5; first at a speed > minimum load speed (P3.4) + 400 rpm, 70% of the rated torque as an assigned torque (attempt to also brake with the generator). At the same time, rapid blade angle ramp with gradient P12.4 to the feathered pitch position (P12.1). For braking type 6, apply the rotor brake immediately, if speed > P2.11 with hard braking, otherwise only soft braking. 
Transition to other States
to the feathered pitch once the feathered pitch position (P12.1) is reached, set blades to the 90° limit switch or speed < 80 rpm 
to manual pitch adjustment by selecting pitch manual operation (see 1.9.2).


Low noise operation mode

The release is done with P27.1 (Rotor speed setpoint noise reduction operation) :
With P27.1Gen = P27.1 * P1.5 (Generator speed in noise reduction operation) there is a genaral release, if
P3.8+30 < P27.1Gen  < P3.3  (small or stiff tower) or
P1.9+30 < P27.1Gen  < P3.3  (high tower) or
P3.8+30 < P27.1Gen  < P1.8  (high tower)
After new input of P27.1 there is a monitoring and an automatical correction, if the gen.speed will come inside or to near to the tower resonance range. The switching over and set point speed parameters are set automatically.

The activation is done firstly by digital imput DI 1.31 and secondly depending on nacelle position, if  P27.4 < P27.5 (wind direction parameter min,max) and if P27.9 = 0.
DI 1.31 = 1 and ((P27.4 < nacelle pos. < P27.5) or (P27.6 < nacelle pos. < P27.7))
Is P27.4 = P27.5 = 0, there is no direction depending noise reduction operation, activation is done only by digital input, if there are two angular ranges are defined, notice order P27.4 < P27.5 < P27.6 < P27.7 (P27.4 can be negative).
Normally a time relay is connected to this input DI 1.31, so noise reduction is only wanted in night time.

Are there release and activation following parameters can be considered, too :
P27.2 max. power in low noise operation mode
P27.3 blade pitch offset in low noise upper partial load operation   (power > P17.3)

Is P27.2 = 0, max. power is calculated wit following formula :
P_max_red  = (1,944 * P27.1 * P1.5 - 2000) kW.
P27.3 can only be given in as a positive figure.
 
Furthermore there are the different partial load and the full load operation only with changed speed setpoints. 

Transition to other States
To load shutdown (normal operation):
- locking of this mode by setting P27.1=0, or 
- deactivating by change of input DI 1.31  1 -> 0, or
- nacelle is turned out of defined wind direction range
to other states as from normal load operation.


4. Controllings

4.1 General
Various controllers are used in the EW1.5 operational management. The most important are the speed controllers and the cascaded blade angle and torque controllers. Furthermore, there exists the possibility of controlling the line voltage. 

PI controllers are used in the PLC, i.e. they have a proportional and an integration component. The controller input forms the control deviation, i.e. the difference between the controlled variable (current value) and an assigned value (setpoint). A constant of proportionality (amplification) and an integration time serve as parameters. The controller output forms the analog value (control variable), which so influences the control system, such that the controlled variable approaches the setpoint, i.e. the control deviations are maintained as small as possible. The disturbance variable control (fixed setpoints) and the leading variables (variable setpoints) control is also be distinguished.

4.2 Rotational Speed Control
Depending on the operating state, there are only one or two controllers used.

4.2.1 Speed Controller in Run-up and Shutdown 
In the run-up state, the rotor is accelerated to the cut-in speed by means of a leading variable controller (setpoint ramp begins with the current generator speed in the spinning mode and ends with the cut-in speed P3.8. The blade angle serves as the control variable. The same applies to the shutdown state, here the rotor is braked by means of a leading variable controller by adjusting of the blade angle.
Control parameters : P16.1 and P16.2

4.2.2 Speed Control in Idling Operation
A disturbance variable control is carried out with the cut-in speed (P3.8) as the setpoint. The disturbance parameter is the wind speed and the control variable again the blade angle.

4.2.3 Speed Control in Load Operation
In this case, there are two controllers in use with different speed setpoints (see description of operating states partial / full load operation). In the one case (A) with the smaller setpoint is the generator torque, in the other (B) the blade angle is the control variable. In partial load operation the controller B is on the limit, i.e. it assigns the respective minimum blade angle (P17.5-9), dependent of the power (P17.1-4). Controller A assigns as much generator torque, depending on the wind strength, so that the speed remains constant (disturbance variable control). In the upper partial/full load operating state, controller A assigns the rated torque for the rated wind (v > approx. 13.5 m/s), which is the controller’s limit, while controller B controls out gusts by altering the blade angle (also disturbance variable control).
Controller A has parameters P16.5/6 in lower and P16.7/8 in upper partial load operation, controller B has the parameters P16.3/4.

Speed Limited Operation
If a turbine runs is temporarily or permanently speed limited for various reasons (e.g. noise, vibration or high temperatures), it must be considered that the power via parameter 4.4 also has to be limited, according to the following formula :

P4.4 = (P3.3 / nrated )³ * 1500 kW

nrated= 1800 rpm for all EW1.5 / 50 Hz
nrated= 1440 rpm for all EW1.5 / 60 Hz

The following parameters are important :
P1.8	min. speed, tower resonance 
P1.9	max. speed, tower resonance 
P3.1	speed setpoint partial load 1
P3.2	speed setpoint partial load 2
P3.3	speed setpoint full load 
P3.4	min. speed load shutdown 
P3.6	switch speed partial load 
P3.7	switch speed upper part. load
P3.8	cut-in speed

The following order is to be generally observed

<70m tower:
P1.8 < P1.9 < P3.4 < P3.1 < P3.8 < P3.6 < P3.2 < P3.3     (P3.7 irrelevant)
   
>70m tower:
P3.4 < P3.1 < P3.8  < P3.6 < P1.8 < P1.9 < P3.7 < P3.2 < P3.3   

As not everyone is allowed to change the speeds for tower resonance (password protection), there is the following possibility from software version 1x011:

P3.4 < P3.1 < P3.8  < P3.6 < P3.2 < P3.3 < P1.8 < P1.9 < P3.7 ,
i.e. set P3.2 and P3.3 under the speeds, tower resonance, then the partial load states 2 and 3 are closed (see Chap. 3.2).


4.3 Torque & Power Control in Full Load Operation
The current torque control is carried out in the frequency converter and represents a cascade control circuit to the speed controller A. In full load operation, one can either run the turbine with constant torque or constant power (depending on which values are smaller) : max. torque demand (P5.3) or quotient of max. power demand (P4.4) and full load speed setpoint (P3.3), converted in the same units. In the second case, the PLC gives a variable torque value, which changes with the current speed, to the frequency converter, such that torque*speed = power is constant. 

4.4 cos phi  – Control (power factor)
Furthermore, the frequency converter can influence the relationship between voltage and current (phi phase shift), which determines how much reactive power is generated by the turbine or is transferred to the grid. The PLC gives a signal to the CCU corresponding to this angle. It would normally be generated from the phi setpoint P4.12. P4.12 = 0.9..1.0 corresponding to an angle of approx. 26° .. 0°, P4.12 = -0.9..-1.0 corresponds to an angle of approx.    -26° .. 0°, i.e. cos phi = 1 means voltage and current are in phase (reactive power = 0). For high power there is a possibility to give another power factor P4.13. This is managed with a hysteresis :
Power < P4.15 : power factor = P4.12
Power > P4.14 : power factor = P4.13
Parameter P4.12/P4.13 is not used with an active voltage controller (see 4.5) or an external power factor demand (serial or over ethernet)

4.5 Voltage Control
If the wind turbine is connected to a weak grid, the grid voltage increases if power is fed in. To compensate for this, there is the possibility to limit the voltage in two ways : 1. by assigning cos phi, 2. by reducing the power. Both ways may be activated by the parameter (P15.1/P15.2 = 1), whereby the voltage control 2 is thought to be a complement to control 1. Both voltage controllers have different setpoints (P15.3 < P15.4), so that with increasing voltage, first the smaller setpoint for controller 1, the angle phi goes to its limits (P15.5/P15.6), before controller 2 reduces power if the voltage exceeds the higher setpoint (P15.4).


4.6 Blade Angle Control
The blade angle control (position control) is carried out by a multi-axis controller in the hub; it represents a cascade control loop for the speed controller B, which assigns the blade angle demands. This is essentially a leading variable controller, as the PLC resets the controller if the blade setpoint remains constant and the control deviation is small enough. Then the position control is blocked and the bitch brakes are applied.


5. Parameter Description
see in database Konstr./QM/Service
or
T:\SERVICE\PARAMTE\AKTUELL\PARATW15.DOC
	Page: 30
Note:
Px.y	parameter on page x with number y
DIx.y	dig. input at the control box  
DIxx.y	dig. input at the top-box 
DOx.y	dig. output at the control box
DOxx.y	dig. output at the top-box
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