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1. Generator/Exciter under test     - BHEL scope
2. Generator/Exciter under test     -  BHEL scope
3. Data acquisition modules          - Vendors scope
4. Data acquisition modules          - Vendors scope
5. LAN                                          - Vendors scope (including Hub and LAN cables)
6. 12 Channel Power analyzer       - BHEL scope
7. WT 1600 Power Analyser         - BHEL scope
8. GPIB/LAN convertors               - Vendors scope
9. GPIB interface cable                 - BHEL scope
10. Work station for control Room 1   - Vendors scope
11. Norma D6200 Power Analyser   -  BHEL scope
12. Norma D5255S Power Analyser -  BHEL scope
13. Norma D4845 Multimeters – 2 Nos. -  BHEL scope
14. HP 34401 Multimeters – 2 Nos. -  BHEL scope

15. Transient signal acquisition        - Vendors scope.
16. Work station2 for control Room 2  - Vendors scope

Example measurement of Electrical signals during Exciter Testing. – fig.2
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1.0.0 General overview of the testing.

The generator/Exciter  to be tested is coupled to a calibrated drive motor (four calibrated drive motors are available for driving depending upon the rating of machine rating to be tested) and the machine is brought to rated speed. During raising of the speed, the vibrations of the bearings, temperatures, oil flows, oil pressures are monitored, printed and stored. The drive parameters and temperatures along with the machine parameters are monitored and stored continuously.

2.0.0 Generator testing 

2.1.0  The following tests are conducted on turbo-generator.

1. Mechanical run test.

2. Short circuit characteristic and losses measurement.

3. Open circuit characteristic and losses measurement.

4. Impedance measurement.

5. Mechanical heat run test.

6. Short circuit heat run test

7. Open circuit heat run test.

8. Line to liner sustained short circuit test.

9. Line to line and to neutral sustained short circuit test.

10. Wave form analysis.

11. Retardation test.

12. Three phase sudden short circuit test.

13. I.R.value measurements and High voltage tests on stator and rotor windings.

14. D.C.resistance measurement of stator and rotor windings and RTD checks.

15. Leakage reactance measurements.

2.2.0 The tests S.No. 1 to 4 and 13 to 15 are routine tests and are conducted on all the generators. Remaining tests are of type tests conducted on prototype generators. Tests S.No.13  and 14 are static tests, however the data generated during these tests is used for generation of the test reports. Test S.No. 15 is carried out on the stator winding when there is no rotor inside the stator. The results are used for calculation of  field currents at different percentage of loads.  

2.3.0 From the above test results, the following curves are plotted manually.

·  Short circuit characteristic ( Field current Vs % rated current) 

· Open circuit characteristic (Filed current Vs % rated Voltage.

· Losses curves - 

· Losses in SCC Vs % rated current

· Losses in OCC Vs % rated voltage

· Mechanical losses Vs %rated current and voltage

· Drive motor losses Vs % rated current and voltage

·     Rotor impedance characteristics ( 50 Hz AC voltage Vs Impedance )

·     Estimation of rotor temperature rise 

·     Retardation curve ( Time Vs Speed ) 

2.4.0 From the  test results and plots, the following are computed. 

2.4.1    Load 
magnetization curves are to be obtained using the above data and  plots. 

2.4.2   Field currents  at different percentages of loads from the 
magnetization curves is used for the rotor copper losses. 

2.4.3  From the losses plots, iron losses and stator copper losses are obtained at 100%,75%,50% and 25% loads ( or at optional % of loads as per the customer requirement) deducting the drive motor losses. 

2.4.4 Efficiency of the generator is calculated at different percentage of loads.( for details refer calculation procedure). 

2.4.5 From the three heat tests S.No.5,6,7  full load temperature rise of rotor and stator is estimated as per the test reports.
2.4.6 From test S.No.8 -ve phase sequence reactance is calculated and from the test S.No.9 zero sequence reactance is computed.
2.4.7 From the test S.No.11 and from the plot GD2 is calculated.
2.5.0   For the test S.No.12  i.e three phase sudden short circuit test on turbogenerator,the configuration for the acquisition , storing and plotting of the stator currents, stator voltages and field currents is as per the figure.

The currents generated during the sudden short circuit test is converted to voltage signal in non-inductive high current shunts(A,B,C). High voltage signal is converted to low voltage ( of the order of 100 V) in potential transformer(PT). Field current is converted to voltage signal in non inductive shunt. The input signals are to be applied to 16 channel signal conditioners ( for transient recording) and the output is conditioned to required level of DAS modules. The signals are to be captured for calibration of current channels and voltage channels. 

From the captured waveforms, plots are to be drawn in semilog graphs by measuring each peak and calculating periodic and aperiodic values. Various parameters like transient and sub transient reactances, time constants etc are required to be calculated. Graphical reports and calculation reports are to be generated.  
2.5.0 Test No.15 is conducted when the rotor is  not in stator.  

2.6.0 Test Nos.13 and 14 are static tests and the results are to be entered manually.
2.7.0 All the test results after calculations are to be consolidated and presented to the customer. For further details concerned testing personnel to be contacted.
5.0.0 Testing of Exciter.

The following Tests are conducted on the Exciter.
1. Mechanical run test.
2. Open circuit characteristics on main exciter.
3. Load magnetisation characteristics on main exciter at different loads, 

4. Tests on PMG.
· Measurement of frequency

· Phase sequence check.

· No-load voltage measurement.

· Loading of PMG.

5. I.R. value measurement and High voltage tests on PMG stator winding,Main exciter armature winding, Quadrature axis coils winding and Main exciter field winding.

6. Exciter response test.

7. Heat run test.

        From the above tests, the following performance curves are plotted.

· Open circuit characteristic.
· Load magnetisation characteristics.
· Quadrature axis coil characteristics at different loads.
· PMG loading characteristic.
· Exciter response curve.
       The test S.No. 6 and 7 are type tests. Test S.No.6 needs transient recording. From transient recording, exciter response is calculated through graphs.
Apart from the connecting the data acquisition station, other instruments like power analyzer and precision instrumentation used also need to be integrated for acquiring of data, analysis, calculations and report generation. The existing software need to be studied and detailed interaction can be had with testing personnel for customized software development. The developed software code is to be supplied for modification and for future use in the test plant.
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General Layout of DAS arrangement. – Fig.1








CONTROL ROOM2


Computer/Monitor/with Data acquisition loaded


and controlling and monitoring is done  16
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Example Transient measurement scheme – fig.4
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Note : Generator is run in open circuit mode and voltage is generated upto 8 kV and suddenly all the three phases are shorted. Sub transient currents are to be captured through non inductive shunts for a duration of steady state currents are seen. These currents are used for machine parameters calculation. Essentially, proper isolation for high voltages shall be provided in signal conditioners.
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CONTROL ROOM1


Computer/Monitor/with Data acquisition loaded


and controlling and monitoring is done  10








Generator/Exciter under Test 2





Generator/Exciter under Test.1
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250 MW Generator under test fig.3





Electrical parameters to be connected to DAS during Exciter testing.


Vd = 0-750 V DC


Fld = 220 V DC


S1 (Shunt) Id(current)  = Shunt connected at 750 V DC bus out put (0-60 mV) 


Va = Voltage upto 750 V DC (Rectified output from Exciter Generator)


Vq1,Vq2 = Quadrature axis coil voltages (upto 100 V, 5 kHz)


Exc Fld = Field of Exciter (Voltage upto 200 V DC)


If = Field current  ( through shunt 0-60 mV)


PMG = Permanent magnet Generator ( Voltages upto 300 V, 50 A, 300 Hz ,3-Phase)


DC series shunts of ranges 3000 A, 1500 A and 750 A whose output is 60 mV as shown in the schematic  S1 and S2. These shunts are connected to Armature winding of Drive motor where supply voltage is 750 V or 550 V DC depending on the usage. These are also used for excitation current measurements for generator under testing. The voltage available at shunt is of the order of 750 V DC and across the shunt  0-60 mV depending upon the current. This output of 60 mV is not isolated from the line.  Therefore isolation of channel to channel and to the ground is required at 1.5 kV
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1 to 11 are LAN hub points





11





10





9





8





5





7





6





1





30 m





5 m





FP1





GPIB/LAN





CONTROL ROOM 2


Computer/Monitor/with Data acquisition loaded


and controlling and monitoring is done 
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CONTROL ROOM 1


Computer/Monitor/with Data acquisition loaded


and controlling and monitoring is done  10
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Scheme of LAN hub for DAS connectivity   - fig.5


(Final scheme will be after placement of order – schme can change during execution)





RV42


(2)





RV41


(3)





20 m








	This information on this document is the property of BHEL.

It must not be used directly or indirectly in any way detrimental to the interest of the company



_949395692.doc
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������



Drive Motor







PMG







   (







Id







Vd







S1







(500 (







Va







Vq1







Vq2







Q1







Q2







Exc.Fld.







If







U



V



W







X







S2







Excitation 







Drive Motor







PMG







   (







Id







Vd







S1







(500 (







Va







Vq1







Vq2







Q1







Q2







Exc.Fld.







If







U



V



W







X







S2







Excitation 







MAIN EXCITER











Fld.
















