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Unit No. 2  (CT) / 3 (ST-G)  - 1 x Used 53Mw Combined Cycle Plant Compiling of:

1 x John Brown PG6531B Gas Turbines on 1 x 16630KW Siemens ST-G
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Asking Price: US  $6.355 MM (Fee Inclusive)
BOP Included
Spares for combined cycle.
Shenzhen City, No. A Combined Cycle Fm 6B  Power Plant 
The power plant was founded in February of 1991 confirmed by the Ministry of Trade and Economy and the government of Shenzhen City. It is one of main gas turbine power plants of Shenzhen and it takes on chief power supply task for Shenzhen City. No.A power plant has two sets of 6B gas turbine and the supporting gas-steam combined cycle unit composed of waste heat boiler and turbo-generator.

No. 2 unit is PG 6531 gas turbine completely introduced from England John. Brown Engineering Limited. Company and manufactured by America GE Company. It was commercially run in December of 2000.

The turbine type of No. 2 gas turbine is single shaft and axial flow with 3 grades. The cylinder is horizontal mid-separate surface and it is cooled by the air. The compressor is IGV continuously adjusted and axial flow type and its pressure ratio is 11:7. The inlet is air filter device. The combustor of the gas turbine is adverse current can type and there are 10 combustors. The gas turbine is ignited through exited high pressure electrode type spark plug and there are 2 igniters. The flame detector is ultraviolet photoconductive and there are 4 flame detectors. 

No. 2 gas turbine is started by electrical motor and the starting motor is C 315L57/2D from BRUSH Company. The power is 378 KW, the rotational speed is 2982 rpm and the power is 6.3 KV and 50 Hz.
Main Performance and Parameter of No. 2 Gas Turbines:

	No.
	No. 2 Gas Turbine


	Model
	PG6531B


	Manufacturer
	England JBE


	Ex-factory Serial Number
	GT5114


	Rating
	36.5Mw


	Total Running Hours
	55843 Hrs


	Circulation Type
	Combined circulation


	Main Shaft Direction
	Counterclockwise


	Rotational Speed of Shaft
	5100rpm


	Fuel
	Light diesel oil


	Control Mode
	MK-IV


	Basic Protection
	Over-speed, overheating, vibration


	Starting Mode
	Started by AC motor


	Equipment of Cooling Machine
	Hydraulic jigger device


	Running Mode
	Continuous running


	Amortization
	Inlet and outlet silencer


	Running Mode of Cooling 

Water
	Closed circulation



No. 2  Gas Turbine Nameplate Data (Standard Status and Basic Load)

	No.
	No. 2 Gas Turbine

	Basic Output
	36500 KW

	Inlet Temperature
	15 (590F)

	Turbine Inlet Temperature
	1104

	Exhaust Temperature
	543

	Inlet Pressure Drop
	101.6mmH2O

	Exhaust Pressure Drop
	63.5mmH2O

	Heat Rate
	11630KJ/KW.H

	Heat Consumption
	424.1×106KJ/H

	Efficiency
	30.95%

	Air Flow
	491×103Kg/H



Compressor

	No.
	No. 2  gas turbine


	Compression Grade
	17


	IGV Mode
	Continuously adjusted


	Type
	Axial flow


	Cylinder
	Horizontal mid-separation surface, vertical mid-separation surface


	Pressure Ratio
	11．7


	Inlet Temperature
	15


	Inlet Pressure
	1013 millibar


	Rational Speed of

 Shaft
	5100 rotates/min



Turbine

	No.
	No. 2  gas turbine


	Type
	Single shaft and axial flow


	Grade Number
	3


	Rotational Speed
	5100rpm


	Cylinder
	Horizontal mid-separation surface


	Cooling
	Air cooling



Combustor

Type: 





Adverse current can typed combustor

Quantity: 




10

Array: 





As the center of axial line of the unit and arranged 






according to the circle with same distance

Number: 




Numbered for air current counterclockwise, 






No. 10 is at the upper position of 12 o’clock.

Igniter type: 




exited high pressure electrode type spark plug

Quantity of igniter: 



2

Position of igniter: 



Located in 1# and 10# combustors

Flame detector type:



Ultraviolet photoconductive typed flame detector

Quantity of flame detector: 


4

Position of flame detector: 


located in No. 2 , No. 3 , 7# and 8# combustors.

Parameter for supporting equipments

Starting device of the gas turbine

No. 2  gas turbine starting motor 88CR

Model:




C315L57/2D

Manufacturer:



BRUSH

Power:




378KW(500HP)

Rotational speed:



2982rpm

Power:




6.3KV, 3Ph, 50hz


  Hydraulic:



ratcheting pump

Model:



Gear pump

Rotational speed:


1725rpm

Working pressure;


94.90Kg/cm2
Capacity:



5.7L/min

Drive DC motor:


88HR (115VDC, 0.56KW)


Assistant gearbox

Model:




A519-B41

Function
a.
Directly connected with the rotor of the gas turbine;


b.
Connected or disconnected with the starting device;


c.
Drive the accessory of the gas turbine with corresponding rotational speed.

Rotational speed:
a.
Coupling of gas turbine: 5100rpm



b.
Main lubricating oil pump: 1415rpm



c.
Main hydraulic pressure pump: 1415rpm



d.
Atomization air compressor: 6000/45561rpm  

Load gearbox

Type:





5-644B

Speed ratio: 




5100/3000

Rated power: 




42900KW
Lubricating oil system:

Main lubricating oil pump:

	No.
	No. 2  gas turbine


	Model
	Gear box


	Rotational Speed
	1415rpm



	Volume
	1741C/MCM


	Outlet Pressure
	4.56Kg/cm2


	Drive
	Assistant gearbox


	Manufacturer
	JBE



AC assistant lubricating oil pump

	No.
	No. 2  gas turbine


	Type
	Centrifugal


	Flow
	1714L/MCN


	Working Pressure
	4.48


	Rotational Speed
	2950rpm


	Drive
	Three-phase motor  88QA(30KW)


	Manufacturer
	JBE



DC emergency lubricating oil pump

	No.
	No. 2  gas turbine


	Type
	Centrifugal


	Flow
	946L/min


	Working Pressure
	2Kg/cm2


	Rotational Speed
	1500rpm


	Drive
	



Lubricating oil box

Full oil level: 305 mm from top

Volume for full oil level: 6433 liter

Low oil level: 4006 mm from top

High oil level alarm 254mm

Low oil level alarm 432mm

Lubricating oil cooler

Type: horizontal shell “U” pipe-typed heat exchanger (water is through the inner pipe while oil is through the outer pipe)

Quantity: 1 for cross loop line layout, one working while one standby.

Normal outlet oil temperature: 54.4+1.7?

Main lubricating oil filtration

Type F3-9XE Filtration precision: 5μ

Quantity 1 (cross loop line layout, exchangeable, one working while one standby)

Maximum working pressure: 8.44 Kg/cm2
Maximum permissible inlet and outlet pressure difference: 1.2 Kg/cm2

Lubricating oil heater (23QT-1,-2)

Type: immersion type heater

Quantity: 1

Parameter: 15 KW 380V, 3-phase, 50HZ, 10.43A

Control oil filtration

Type HP-511-125-1-1

Filtration precision: 5μ

Quantity: 1 (cross loop line layout, exchangeable)

Maximum working pressure: 8.78Kg/cm2
Maximum permissible inlet and outlet pressure difference: 1.2Kg/cm2

Hydraulic oil system

Hydraulic oil pump (PH-1)

Type: piston pump

Rotational speed: 1415rpm

Working pressure: 94.90Kg/cm2
Flow: 68.4L/min

Drive: assistant gearbox

Hydraulic pressure filter (PH-1.2)

Type: single pipe type

Filtration precision: 0.5μ

Quantity: 1 (cross loop line layout, exchangeable)

Maximum permissible inlet and outlet pressure difference: 4.2Kg/cm2
Cooling water system

Cooling water system of No. 2  gas turbine

The cooling water system of No. 2  gas turbine is the closed circulation

With 7 sets of 11 KW cooling fans numbered 88FC-1, 2, 3 and FG-1, 2, 3, 4

CO2 fireproof system

No. 2  gas turbine:
CO2 automatic fire extinguishing system, used for the gas turbine and motor separately.

Gas turbine CO2  total volume 15 bottles

Motor CO2  total volume 5 bottles

Specified value of fire probe 316

Bottling pressure should be more than 800PSI

IV.
No. 2 Boiler

No. 3 boiler supporting with No. 2 gas turbine is the horizontal waste heat boiler produced by Holland Standard Fasel Company and NK50/70/0—3Da turbo-generator produced by Germany Siemens Company. The whole set of fuel-steam combined cycle unit was run in Nantian Power Plant in December of 1994.

Main Parameters of No. 2 Boiler:

	Equipment Name
	Equipment Parameters


	High pressure steam drum
	Inner diameter 1530㎜, wall thickness 35㎜, material 20g, internally set steam and water separation device, such as cyclone separator


	Low pressure steam drum
	Inner diameter 1676㎜, wall thickness 12㎜, material 20g, internally set steam and water separation device, such as cyclone separator


	Super-heater
	3 groups of curtain panel, 432 pipes, specification: 50.8*3, material: 15crmo and 8m long


	High pressure evaporator
	9 groups of curtain panel, 1296 pipes, specification: 50.8*3, material: 20g and 8m long


	Economizer
	8 groups of curtain panel, 1152 pipes, specification: 50.8*3, material: 20g and 8m long


	Low pressure evaporator
	5 groups of curtain panel, 720 pipes, specification: 50.8*3, material: 20g and 8m long


	Deaerator
	Rated output: 88t/h, working temperature: 0.8bar, working temperature: 105, produced by Wuxi Boiler Factory


	Soot blower
	Pulse blasting type soot blower, produced by Harbin Modern Technology Co., Ltd.


	Blowdown system
	Type: DP-3.5, cubage: 3.5 m3, working pressure: 1.5BAR, produced by Wuxi Boiler Factory


	Steel frame and wall plate of the boiler
	I-beam, heat preservation thickness 150, inner guard plate is stainless steel plate


	Transition flue duct
	I-beam, heat preservation thickness 150, inner guard plate is stainless steel plate


	Chimney
	Diameter: Ф2000㎜, 25 m high and the steel plate is 14㎜ thick



Parameters of Auxiliary Equipments

	No.
	Equipment Name
	Quantity
	Equipment Parameters

	1. 
	High pressure feed water pump
	2
	Type: WKF/80/10, lift: 520M, flow: 75t/h, manufacturer: KSB (Italy)

	2. 
	Low pressure feed water pump
	2
	Type: G32-250.1, lift: 70M, flow: 17t/h, manufacturer: KSB (Italy)

	3. 
	Dosing device
	4
	Type: KW282-18A  11SA1, manufacturer: ALLDOS (Germany)


V.
No. 3 Turbine

No. 3 turbine mainly includes turbine body, condenser system, circulation cooling water system, lubricating oil system, hydraulic oil system, jigger system, rubber ball cleaning system, control oil system and oil cooler.

Main parameters of ＃3 turbine:

Turbine body

Manufacturer: 





Germany SIEMENS

Model:






NK50/71/0-3DA

Type: 






single cylinder, single current, 








reverse, pumping and condensing 








turbine

Delivery date:





 December of 1994

Rated output of motor: 




16880KW

Entrance steam pressure of auto main stop valve: 
39.79 kg/cm²A

Entrance steam temp of automatic main stop valve: 
445

Rated steam flow: 




66T/N

Exhaust pressure: 




0.087kg/cm²

Rated rotational speed of turbine: 


6300rpm

Rated rotational speed of turbine motor: 

1500rpm

Turning direction of turbine motor: 


left (from turbine to motor)

Connection of turbine and motor: 


speed change gear box

Entrance temperature of cooling water: 


20~30

Flow of cooling water: 




3487-3600m³/H

Jigger

Type:






 AC motor drive hydraulic jigger

Rotational speed: 




150 rpm

Oil system design parameters

Type of lubricating oil: 




TD46 turbine oil

Flow of lubricating oil:

Radial bearing before turbine: 



3.1 m³/HR

Radial bearing after turbine: 



7.0 m³/HR

Turbine thrust bearing: 




6.0 m³/HR

Gear box: 





42.4 m³/HR

Opposite wheel: 





1.2 m³/HR

Motor: 






1.8 m³/HR

Security system: 





2.0 m³/HR

Control oil: 





6.6 m³/HR

Dynamic oil: 





46.7 m³/HR

Total oil: 






(excluding dynamic oil) 70.0m³/HR

Oil system pressure:

Normal running lubricating oil pressure: 

1.7- 2 kg/cm²

Normal running lubricating oil temperature: 

45±3

Control oil pressure: 




9 kg/cm²G

Tripping oil pressure: 




8 kg/cm²G

Jigger oil pressure: 




6 kg/cm²G (zero rotational speed)

1.5- 2 kg/cm²G (normal jigger)

Axis culmination oil pressure: 



117.2 kg/cm²G

Lubricating oil box:

Normal volume:





10M³

1st filling oil 11M³

Highest oil level: 





(measured from the top) 460mm

Lowest oil level: 





(measured from the top) 560mm

Steam pressure and temperature:

Main steam pressure:




 (design) 39.79 kg/cm²

Normal running pressure: 



39.79 kg/cm²

Permissible pressure: 




43.87 kg/cm² (forbid exceeding for norm 








running)

Permissible pressure: 




47.95 kg/cm² (12 hours of each month max)

1st grade of impeller room pressure 35 kg/cm² 1st grade of nozzle and 1st grade of guided vane)

Main steam temperature: 



445℃

Normal running temperature: 



445℃

Permissible temperature: 



453℃ (forbid exceeding for normal running)

Permissible temperature: 



459℃ (400 hours of each month max)

Permissible temperature: 



473℃ (80 hours of each month max)

Min starting time for cold status starting: 

20min

Min load time for cold status starting: 


73min

Min full load time for cold status starting: 

93min
Turbine control and safety device

Turbine control

Type: TS310 electro-hydraulic controller

Adjustment system: 




speed governing steam door 








and nozzle adjustment

Speed governing scope: 




no load speed governing scope 








+7﹪-15﹪ rated rotational speed
TS310 over-speed tripping system

Type: 






electrical over-speed tripping system

Tripping speed: 





110﹪±1﹪ rated rotational speed

Technical parameters for main auxiliary devices:

Main oil pump





one set

Type: 






centrifugal

Outlet pressure: 





9 kg/cm²

Rated volume: 





80 m³/HR

Drive mode: 





main shaft drive of turbine

Manufacturer: 





SIEMENS

Ex-factory date: 





1987

Delivery date: 





December of 1994

AC auxiliary oil pump

Type: 






Centrifugal

Outlet pressure: 





8.26kg/cm² (normal running); 









6 kg/cm² (hydraulic jigger)

Rated volume: 





72 m³/HR (normal running);









132m³/HR (hydraulic jigger)

Rotational speed: 




2950 rpm

Drive motor: 





55kw, 2960 rpm

Manufacturer: 





HALBERG

Delivery date: 





October of 1994

Accident DC oil pump:




 one set

Type: 






Centrifugal

Outlet pressure: 





1.8kg/cm²

Rated volume: 





51 m³/HR

Rotational speed:




 2900 rpm

Drive motor: 





5.7kw，2960 rpm

Manufacturer: 





HALBERG

No.: 






NOPZ: 50/13

Delivery date: 





October of 1994

Axis culmination oil pump



one set

Model: 






CB-FA18-FL

Type: 






gear type

Outlet pressure: 





140kg/cm²

Rated volume: 





18 ml/rotate

Rotational speed: 




1800 rpm

Manufacturer: 





Shandong Yuci Hydraulic Part Factory

Delivery date: 





October of 2004
Condenser






one set

Type: 






single flow

Tube quantity: 





2400

Tube diameter: 





Dn17mm

Tube length: 





5.460M

Tube material: 


 


Cu Zn 28
Sn F38

Normal flow of circulating water: 


969KG/S

Max flow of circulating water: 



1070KG/S

Pressure loss of circulating water: 


207mbar (normal flow)

Inlet and outlet pipe diameter of circulating water: 
Dn700mm

Ex-factory date: 





December of 1987

Delivery date: 





October of 2004

Vacuum pump





two sets

Model: 






2BE1203-OFY4

Max power: 





29 kw

Rotational speed:




980 rpm

Flow of seal water:




6.5 m³/H

Drive motor: 





1LA6253-6AAD 380V/50HZ

Motor power: 





37 kw

Rotational speed of motor: 



980 rpm

Manufacturer: 





SIEMENS

Ex-factory date: 





1988-year

Delivery date: 





1994-10

Rubber ball cleaning pump



one set

Model: 






ROWA-B-65.20-2NL-P

Flow: 






60 m³/H

No.: 






47852

Power: 






31.3 kw

Rotational speed: 




1450 rpm

Lift: 






13M

Ex-factory date: 





April of 1988

Delivery date: 





October of 1994

Condensing water pump




two sets

Model: 






CBSY10040，B521.0E

Flow: 






70.25 m³/H

No.: 






P-C190175/190185

Power: 






17.6 kw

Rotational speed: 




1450 rpm

Lift: 






50M

Inlet temperature: 




42.5℃

Drive motor: 





22 kw, 380V, 50HZ, 40A, 1465 rpm

Manufacturer: 





HALBERG

Ex-factory date: 





April of 1988

Delivery date: 





October of 1994

Circulation water pump: 




two sets

Model: 






Centrifugal

Model: 






24SH-19

Flow: 






3168 m³/H

Lift: 






32 M

Permissible absorbed vacuum: 



2.5M

Shaft power: 





310 kw

Rotational speed: 




970 rpm

Efficiency: 





89％

Weight: 






2220KG

Ex-factory date: 





March of 1988

Manufacturer: 





Shenyang Water Pump Factory

Drive motor: 





380 kw, 6KV, 50HZ, 44A, 990 rpm

Delivery date: 





October of 1994

Lubricating oil box exhaust fan



one set

Type: 






M66-2

Power: 






0.28 kw

Ex-factory date: 





March of 1988

Delivery date: 





October of 1994

Circulated water cooling tower fan


three sets

Model: 






LF-77A

Rotational speed: 





149rpm

Wind: 






135 m³/H

Vane quantity:





4

Fan efficiency: 





83.8﹪

Fan power: 





57 kw

Drive motor: 





75 kw, 380V, 139.6A, 50HZ

Delivery date: 





October of 1994

VI.
Technical Parameters of Electric Equipments

1.
Technical Parameters of Motor:

	No.
	No. 2 
	No. 3 

	Type
	Gas 

turbine motor
	Steam 

turbine motor

	Code
	GTG2
	STG3

	Manufacturer
	BRUSH
	BRUSH

	Model
	BSGMD
	BSGMD13126/4

	Standard
	IEC34-1
	IEC34-07

	No.
	36167A-4G
	36169A-1G 

	Ex-factory Date
	1987.8
	1987.8

	Delivery Date
	1990.3
	1994.12

	Output Volume
	43741KVA
	20820KVA

	Rated Power
	36700KW
	16630KW

	Stator Voltage
	10500V
	10500V

	Stator Current
	2405A
	1145A

	Phase Number
	3
	3

	Frequency Current
	50HZ
	50HZ

	Rotational Speed
	3000rpm
	1500rpm

	Short Circuit Ratio
	
	

	Power Factor
	0.85
	0.85

	Excitation Voltage
	158v
	89A

	Excitation Current
	937A
	307A

	Stator DC Resistance
	0.010025
	0.003955

	Rotor DC Resistance
	0.0126
	0.156

	Stator Insulation
	F
	F

	Rotor Insulation
	F
	F


2.
Technical Parameters of Main Exciter:

	No.
	No.２
	No.３

	Model
	
	XL79.14/20

	Volume
	178KW
	60KW

	Output Voltage (Empty/ Full)
	31/173V
	26/115V

	Output Current  (Empty/ Full)
	263/1030A
	170/525A

	Excitation Pressure
	45V
	48.8V

	Excitation Current
	6.1A
	6.2A

	Armature, Magnetic Field Insulation Grade
	F
	F


3.
Technical Parameters of Auxiliary Exciter:

	No.
	No.２
	No.３

	Model
	BMX-34-10
	BMX-34-10

	Excitation Mode
	Permanent magnet
	Permanent magnet

	Volume
	3KVA
	1.57KVA

	Frequency
	400HZ
	250HZ

	Output Current
	15A
	5.8A

	Output Voltage
	200V
	270V

	Insulation Grade
	F
	F


4.
Motor Air Cooler:

	No.
	No.２
	No.３


	Cooling Mode
	Air cooling
	Air cooling


	Ventilation Model
	Opened circulation
	Opened circulation


	Flow of Cooling Water
	
	



5.
Motor Neutral Point Grounding Equipment:

	No.
	No.２
	No.３


	Grounding Mode
	Arrester grounding
	13.8KV/240V grounding 

transformer


	Grounding Resistor
	
	0.25



6.
Technical Parameters of Motor Outlet Circuit Breaker:

	No.
	52G
	53G/52AU


	Model
	VRBSG-12/3050
	VRBSG-12/1250


	Rated Pressure
	12KV
	12KV


	Rated Current
	3150A
	1250A


	Blockage Current
	50KA
	50KA


	Operation Institution
	Spring 

energy accumulation
	Spring energy 

accumulation


	Operation Mode
	Manual and electrical
	Manual and electrical


	Control Pressure
	110VDC
	110VDC


	Manufacturer
	ＡＳＣＥ (Italy)
	ＡＳＣＥ(Italy)


	Ex-factory Number
	LHO17212
	


	Note:
	Ex-factory number for 52AU is LHO7215



7.
Technical Parameters of Main Transformer:

	No.
	No.２
	No.３

	Model
	SF7-50000/110
	SF7-20000/110

	Rated Volume
	50MVA
	20MVA

	Rated Pressure
	
	

	Rated Current
	238.6/2750A
	95.4/1099A

	Phase-Number/ Frequency
	3/50
	3/50

	Impedance Pressure
	9.67%
	10.5%

	Coupling Mode
	YO/D-11
	YO/D-11

	Cooling Condition
	OFAN
	ONAN/ONAF

	No-load Current
	0.27%
	0.9%

	No-load Consumption
	47.3KW
	27.5KW

	Load Consumption
	218.8KW
	104KW

	Insulation Level
	LI480AC200
	

	Voltage Regulation Mode
	No load 

voltage regulation
	No load 

voltage regulation

	Product Code
	IET71013059
	IET710135019


8.
Technical Parameter of Transformer for Factory:

	No.
	61B
	40B/41B
	42B/43B

	Model
	SL7-3150/10
	BS7-800/10
	SL7-1250/6

	Rated Volume
	3150KVA
	800KVA
	1250KVA

	Rated Pressure
	10.5/6.3KV
	10.5/0.4KV
	6.3/0.4KV

	Rated Current
	175.6/288.7A
	43.90/1154.7A
	68.6/1804.2A

	No-load Consumption
	3.65KW
	1.54KW
	2.20KW

	Impedance Pressure
	5.5%
	4.5%
	4.51%

	Coupling Mode
	Y/D-11
	D/YO-11
	Y/YO-12

	Cooling Condition
	ONAN
	ONAN
	ONAN

	Voltage Regulation Mode
	No load voltage regulation
	No load voltage regulation
	No load voltage regulation

	Manufacturer
	Shenyang Transformer Factory


9.
110KV SF6 Circuit Breaker

	No.
	1101,1102,1103,1104,1220


	Model
	LW6-110IW


	Rated Pressure
	110KV


	Rated Current
	3150A


	Blockage Current
	31.5KA


	Rated Operation Order
	Closing-0.35—closing and separating－1805-- closing and separating


	Rated SＦ６ air pressure
	0.6Mpa


	ＳＦ６ Gas Weight
	14KG


	Operation Institution
	LW6-110IW hydraulic pressure institution


	Operation Pressure of Closing Brake 
	220DC


	Operation Pressure of Separating Brake
	220DC


	Motor Power
	220DC


	Heater Power
	220AC


	System Nitrogen Pressure
	1.8Mpa


	Rated Operation Pressure
	32.6Mpa


	Oil Pump Starting Pressure
	31.6Mpa


	Oil Pump Stopping Pressure
	32.6Mpa


	Manufacturer
	Pingdingshan Switch Factory



10.
10.5kv. 6.3kv Vacuum Switch Cabinet:

	No.
	51G
	52G
	53G
	611
	614
	621


	Model
	JYNC-10
	VRBSG-12
	VRBSG-12
	3AF
	
	3TL6


	Rated Voltage
	10KV
	12KV
	12KV
	6.3KV
	6.3KV
	6.3KV


	Rated Current
	3150A
	3150A
	1250A
	1250A
	630A
	400A


	Blockage Current
	50KA
	50KA
	50KA
	25KA
	
	


	Operation Institution
	Energy storage type
	Energy
storage type
	Energy 
storage type
	Energy
storage type
	Energy 
storage type
	Energy
storage type


	Operation Mode
	Electrical/ manual
	Electrical/ manual
	Electrical/ manual
	Electrical/ manual
	Electrical/ manual
	Electrical/ manual


	Control Voltage
	110VDC
	110VDC
	110VDC
	110VDC
	110VDC
	110VDC


	Manufacturer
	Beijing Switch 

Factory
	SACE
	SACE
	SIMENS
	SIMENS
	SIMENS


	Note
	51AU is the same as 100，but its 
control voltage is 
220 DC
	
	Same

as 52AU
	Same 

as 610
	Same 

as 615
	Same 
as 622/623
/624/625/626



11.
Disconnector and Grounding Switch:

	Model
	Rated 

Voltage
	Rated 

Current
	4# Heat 

Stable Current
	Permissible Connection Pull
	Auxiliary Institution
	Application Location 

	GW4-110DW
	110
	1250A
	31.5KA
	500N
	CJ5
	110KV system

	GWB-60GW
	60KV
	400A
	
	
	
	1#,No. 3  main change neutral point

	GWB-60GW
	60KV
	600A
	
	
	
	No. 2  main change neutral point


12.
Current Transformer:

	Model
	Rated Voltage
	Rated 

Current Ratio
	Accurate Grade
	Application Location 

	LCWB6-110W
	110KV
	2*300/5
	0.5/B/B/B
	1220/1101

	LCWB6-110
	110KV
	2*300/5
	0.5/B/B/B
	1102/1103

	LRB-60
	60KV
	300/5
	05.B
	1# main change neutral point

	LCW2-35
	35KV
	200/5
	
	No. 2 ,No. 3  main change neutral point

	LZZBJ9-10
	10KV
	3000/5
	B/B
	1# motor wiring out and branch for factory

	LMZ1-10
	10KV
	3000/5
	0.5/B/B/B
	1# motor neutral point

	
	10KV
	3000/5
	0.2/5P20/X/X
	No. 2  motor neutral point

	
	10KV
	3000/5
	0.5/5P20
	No. 2  motor wiring out and branch for factory

	
	10KV
	1200/5
	0.2/5P20/X/X
	No. 3  motor neutral point

	
	10KV
	1200/5
	0.5/5P20
	No. 3  motor wiring out

	JZZBJa-10A
	10KV
	100/5
	0.5/B
	10kv


13.
Voltage Transformer:

	Model
	Type
	Phase 

No
	Voltage 

Change Ratio
	Accurate Grade
	Volume
	Application Location


	TYD
	Outdoors type
	1- phase
	
	1/3P
	300VA
	MeimeiＩ wiring out


	JCC6-110W
	Outdoors type
	3-phase
	
	1/0.5/3P
	300VA
	110kv bus


	JDZJ-10
	Outdoors type
	3-phase
	
	
	
	1# motor and 

100 switch wiring in



VII.
Control System

The control systems of PG6531 gas turbine in the power plant are MARK control systems. The hardware configuration and control function for these 2 sets of control systems are basically same as follows:

MARK control system is made as central configuration of 16-bit Intel 8086 microprocessor. The main control function is through triplex hot-redundancy microprocessor and three independent processors are completely same. After the logic control command from three controllers has been voted 2/3, the analog control command of three controllers is piled and averaged in three-loop electro-hydraulic server valve. During running, if any one controller fails, the other two controllers go on controlling the gas turbine. After the failed controller has been repaired, it can work again and it doesn’t influence the gas turbine’s running.

Hardware configuration of control system:

There are four system hardware, <R>, <S>, <T> and <C>. <R>, <S> and <T> are different controllers, which are composed of the same CPU and block modules to fulfill main control and protection function, so it is called <RST> controller. <C> is named as communication device. The three independent RS232 serial data connectors are connected through <C> and <R>, <S> and <T>.<RST> controller is composed of contact input module, analog input and output module, thermocouple/ thermal resistance input module, synchronization module, flame detector module, relay drive module and relay module as the core of <RST> module and it is connected with operation interface and communication device for key control, protection function, diagnosis test and communication device <C> data exchange of the turbine.

The communication device <C> is connected with one printer and one CRT for monitoring and printing running data and implementing non key control, protection and diagnosis test functions.

Control function：

Starting control

The turbine’s running is through common function of procedure system and starting control. After the operation selection switch on the operation interface delivers starting command, the procedure system examines preparation starting permissible condition, blocks closure resetting, starts auxiliary equipment and lets starter push the turbine to igniting rotational speed and igniting according to corresponding valve and motor of the procedure switch and judge whether it has successfully ignited and then it warms up or cleans and closes the starter until the turbine’s rotational speed turns to running speed and finishes starting procedure. From igniting to procedure completion, the starting is controlled by fuel.

Rotational speed control

MARK  control system has two control arithmetic, including droop control mode and zero-droop control mode. The system load control device has three pre-specified values, such as max load, pre-selected load and turning spared load to realize automatic load control.

Acceleration control
The acceleration control system only limits the acceleration at the dynamic course with increasing rotational speed, which has function in following matters: limit the acceleration rate of the turbine during starting to reduce heat strike of heat parts and help to restrict dynamic over-speed after the turbine accidentally throws the load.

Temperature control

The control system has temperature control system, which indirectly controls turbine inlet temperature through controlling exhaust temperature of the turbine. The exhaust temperature signal is average after being measured exhaust temperature by 18 thermocouples and eliminating trouble signal. The temperature control baseline is changed along with the environmental temperature change, and it has two modification modes, it is changed with the compressor’s outlet pressure or it is changed with the fuel baseline’s change. The former is main temperature control line and the latter is the standby temperature control line.

Synchronization control

The automatic synchronization control system measures voltage, power and phase position of motor and circuit, and it sends closing command for meeting the condition

Fuel control system

The turbine control system of the plant is liquid fuel control, including light oil-heavy oil exchange control function and it realizes fuel control through control refluence mode. The triplex hot-redundancy <RST> controller outputs control current and drives electro-hydraulic server valve three-loop and the rotational speed signal of the fuel distributor is fed back as fuel flow signal. The control system can be changed to gas fuel or liquid/ gas fuel system.

Control of compressor adjusting inlet guide vane

Turn down the inlet guide vane for part rotational speed to avoid compressor’s vibration; for part load, turn down the inlet guide vane to improve exhaust temperature and improve combined cycle efficiency. The triple hot-redundancy <RST> controller outputs control current and drives electro-hydraulic server valve three-loop and LVTD inspects adjustable guide vane’s opening degree.
MARK  protection system

When the gas turbine unit has trouble, the unit will be away from the normal running parameters, and then the protection system sends alarm and indicates trouble place so that the operators will be waken and they will eliminate trouble immediately and then the unit will be back to safe running status. If the gas turbine unit has larger trouble, MARK Ⅳ protection system alarms while it blocks the unit and protects it. The main protections are including:

Protection for low oil pressure of lubricating oil;

Protection for high temperature of lubricating oil;

Over-speed protection;

Superheating protection;

Flameout protection;

Burning trouble protection;

Machinery vibration high protection;


After the 6B units have been delivered and run, the unit has reliable technology, stable performance and convenient starting and stopping. For burning with light diesel oil, the units fundamentally reach their rated output and the operation maintenance is dropped. Along with increasing international oil price, the power plant reconstructed two sets of 6B units for their heavy oil technology at the early of 2001, on June 10 of 2001 and August 15 of 2001, No. 2 turbine has been successfully burnt 180cst heavy oil to realize the great stride for the production technology of the power plant and then A power plant obviously improves its economic benefit.

6B unit has been burning 180cst heavy oil from 2002 to 2006, with relative technicians’ careful operation and maintenance, in recent 4 years, the unit has stable running, the equipments have better health status, the unit has normal starting and stopping and the power supply oil consumption rate always keeps about 114g/kw.h, additionally the units’ performance, efficiency and benefit are all in better level. At present, the 6B units has three fuel modes, namely, independent burning light oil, independent burning heavy oil. The light oil-heavy oil have very good adjustment performance with any proportion. For burning with heavy oil, all indexes of the smoke exhaust reach the environmental protection requirement, under the environmental protection requirement and strict control of Shenzhen, the 6B unit has been passed combined acceptance of Shenzhen Environmental Protection Bureau on September 16 of 2003 and the plant has got the qualified letter. During Shenzhen Environment Inspection Station inspects the smoke carbon dioxide, nitrogen oxide, soot and heavy oil treatment waste water of the 6B unit each year, all indexes completely reach the national control standard.

Additional: No. 2  turbine of the plant has been changed from oil to steam in September of 2006, after which, the unit has been run normally.

	I.
Gas Turbine Specification

Turbine No.
	Turbine Model
	Brand Output 

Thousand KW
	Heat Consumption

Kj/kwh
	Exhaust Temperature℃
	Delivery Time
	Manufacturer


	No. 2 turbine
	PG6531
	3.65
	11630
	543
	1994.12
	England JBE



II.
Waste Heat Boiler Specification

	Boiler No.
	Boiler Model
	Rated 

Evaporation

 (t/h)
	Rated Steam

 Pressure 

(bar)
	Rated 

Steam 

Temperature (℃)
	Delivery 

Time
	Manufacturer


	No. 2 boiler
	-
	66
	40
	445
	94.12
	Holland fasfl



III.
Turbine Specification

	Turbine No.
	Turbine 

Model
	Brand Output
Thousand KW
	Rated Steam 
Pressure (bar)
	Rated Temperature (℃)
	Delivery Time
	Manufacturer


	＃3 turbine
	NK50/71/0--3Da
	1.688
	39.79
	445
	94.12
	Germany Siemens



IV.
Motor Specification:

	Motor No.
	Model
	Rated 

Volume (MW)
	Stator 

Pressure (KV)
	Cooling Medium
	Delivery Date
	Manufacturer


	No. 2  motor
	BSGMD
	3.67
	10.5
	Air
	1990.3
	BRUSH


	No. 3  motor
	BSGMD131260/4
	1.668
	10.5
	Air
	1994.12
	BRUSH



V.
110KV Main Transformer (No-load Voltage Regulation)

	No.
	Model
	Impedance Pressure %
	Coupling Mode
	Cooling Mode
	Delivery Date
	Manufacturer


	No. 2  main transformer
	SF7-50000/110
	9.67
	YND11
	OFAN
	1988.8
	Shenyang Transformer


	No. 3  main transformer
	SF7-20000/110
	10.5
	YND11
	ONAN

ONAF
	1994.12
	Shenyang Transformer



