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Preface
In this project we have done Testing and Calibration of Energy meters the testing has been done in EMI-EMC lab in chapter 1 we have done different types of testing on energy meters like Electrostatic discharge test, Electric fast transient test, Surge test, Electromagnetic high frequency testing and In chapter 2 we have done Calibration in Energy meter.
In Chapter 1 we have done the EMI-EMC testing on energy meter in which we have done electrostatic discharge test in which we give discharge to the EUT by which range specified by Standard. In electric fast transient burst test we have done switching with EUT in which range specified by Standard. In surge test we give Surge discharge to Eut. In electromagnetic high frequency testing we keep Eut in semi anechoic chamber and passed them in high frequency radio waves and observed the changes in EUT.
Chapter 2 Calibration - In this Measurement the test has been done on the EUC as per Procedures and this type of calibration we give supply on EUC by power source at different (voltage/current) levels & power factor as per  required.
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TEST 1:- ESD TEST {ELECTROSTATIC DISCHARGE TEST}
In this test the setup standard is: - IEC 61000-4-2.
In this test the metering standard is: - IS 13779-2020.
In this immunity testing the test has been done on the EUT as per above standards and this type of testing we give discharge on EUT by electrostatic discharge gun on different voltage levels as per the standard. 
· Electrostatic Discharge (ESD) is the abrupt release of charge from one object (often a person) to another. 
· Such a discharge can permanently damage or otherwise upset the function of sensitive electronic circuits.
· Energy Meters are tested for ESD immunity to insure their continued reliable operation if subjected to realistic levels of ESD after being placed in service. 
· The European Union’s EMC Directive mandates ESD immunity testing for virtually all electrical and/or electronic products as a condition for obtaining the CE Mark before shipping to a member state of the European Union.
· In Contact Discharge, the sharp edged tip of the discharge electrode shall touch the EUT, the discharge switch is operated.
· The points where this test should be applied are, For example:-Screws, Metallic handle, Points accessible to user during normal operation.
· In Air Discharge, the round tip of the discharge electrode shall be approached as fast as possible (without causing any mechanical damage) to touch the EUT. 
· After every discharge, the ESD gun shall be removed from the EUT.
· In case of Air discharges, the discharge switch shall be closed before applying discharge to EUT. 




TEST RESULTS
TEMPERATURE - 23.61(deg C), ATM. PRESSURE -0.94 bar, RH - 49.12%
                             INITIAL ENERGY -
ACTIVE ENERGY:  192 Wh
                        2Wh
RAECTIVE ENERGY:  0kVArh
                                     561kVArh
                              FINAL ENERGY –
ACTIVE ENERGY: 192 Wh
                       2Wh
RAECTIVE ENERGY:  0kVArh
                                    561kVArh
Air discharge on plastic parts present air gaps
Contact discharge done on metallic parts screws and COM port.
RESULT: CONFORM.
[image: ]                                
[image: ]
ESD SETUP 



TEST 2:- EFT TEST {ELECTRIC FAST TRANSIENT}
In this test the setup standard is: - IEC 61000-4-4.
In this test the metering standard is: - IS 13779-2020.
In this immunity testing the test has been done on the EUT as per above standards and this type of testing we give fast transient switching on EUT by fast transient burst generator on different voltage levels and on different polarity as per the standard. 
· Electrical Fast Transients (EFT) occurs as a result of arcing contacts in switches and relays. 
· EFT disturbances are common in industrial environments where electromechanical switches are used to connect and disconnect inductive loads.
· Electrical Fast Transients (EFT) occurs as a result of arcing contacts in switches and relays. 
· EFT can be fatal to Energy meters due to its fast Rise time (order of 5ns) & Repetitive nature which can affect the inside susceptible electronic circuits, hence EFT test has to be performed on Energy meters.












	


TEST RESULTS
	INITIAL EUT BLINKING ERROR 1 = 0.35 %
	

	INITIAL EUT BLINKING ERROR 2 = 0.38 %
	

	INITIAL EUT BLINKING ERROR 3 = 0.40 %
	

	AVERAGE INITIAL EUT BLINKING ERROR  = 0.37 %

	
	
	
	
	

	[TEST1]
	
	
	
	

	TEST VOLTAGE = 4000 V
	
	

	FREQUENCY = 5 KHz
	
	
	

	POLARITY = ( + )
	
	
	

	COUPLING = L1L2L3N
	
	

	
	
	
	
	

	ERROR = 0.39
	
	
	

	 
	
	
	
	

	[TEST2]
	
	
	
	

	TEST VOLTAGE = 4000 V
	
	

	FREQUENCY = 5 KHz
	
	
	

	POLARITY = ( - )
	
	
	

	COUPLING = L1L2L3N
	
	

	
	
	
	0.37
	0.37

	ERROR = 0.42
	
	0.39
	0.42

	[ALTEREDVALUES]
	
	
	

	
	
	
	0.02
	0.05
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ELECTRIC FAST TRANSIENT BURST TEST SETUP  









TEST 3:- EMHF {ELECTROMAGNETIC HIGH FREQUENCY TESTING}
In this test the setup standard is: - IEC 61000-4-20.
In this test the metering standard is: - IS 13779-2020.
· Why this test?
· Conductor which carries HF signal may radiate and this radiated signal may couple to nearby conductor thus interfering with the signal on second conductor. And the net effect may be that the coupled signal works as noise to second signal and thus resultant may be useless information (signal).
· There are many electronic types of equipment which radiate and thus the other susceptible devices should be compatible to work in such environments.
· Sources
· TV broadcasting
· Mobile Networks
· Radio broadcasting
· Navigation
· So on
       Test level and frequency range
· Creep Test
· Frequency range (80MHz to 1000MHz)
· Test field strength (30V/m)
· Error Test
· Frequency range (80MHz to 1000MHz)
· Test field strength (10V/m)

Setup for 80-1000 MHz testing [image: ]
[image: ]
Setup for 1-6GHz testing
TEST RESULTS
EUT Specification:
Class: 1, V input: 240, 5-30A, 50 Hz
Meter const. - 3200imp/kWh
Value of X=0.0072000
No. of Pulses= 23.0400000
Temp. : 25.9ºC
Humidity: 48%
Frequency range: 80-2000MHz
Test done at: GTEM-I
Test Level: 10V/m.
Initial Data: 52.985 kWh
Final Data:  52.985 kWh
Observation: No change in data or pulses observed during and after test.
Result: Conform









SURGE TESTING 
In this test the setup standard is: - IEC 61000-4-5.
In this test the metering standard is: - IS 13779-2020.
· Surges applied on Energy meters can cause hardware damage and complete failure, or in lesser case, operational upset.
· The maximum voltage that is likely to occur is limited by flashover consideration, for instance in a typical domestic mains supply, no more then 4kV can be withstood by the wiring components.
· Test Method
· Up to 4 kV
· Application mode: 
· Line-to-Line 
· Line-to-Ground
· TEST RESULTS
· EUT SPECIFICATIONS:-1P 2W
· 240V, 50Hz, 10(60)A
· CL.1.0, 1600 imp/KWh
· TEST CONDITION:-
· Initial data
58.332 kWh
· Final data
58.332 kWh
[image: ]
SURGE SETUP




Calibration of EUC
TEST 1: - Energy measurement {Active Energy Comparison}
In this Measurement the test has been done on the EUC as per Procedures and this type of calibration we give supply on EUC by power source at different (voltage/current) levels & power factor as per the customer required. 
· To do calibration of any EUC, proper connection of voltage and current is connected to EUC with reference and source. 
· After making the connection, turn on the source and the computer system. 
· Turn it on and leave it to warm up for 1 hour. 
· Open the validated software in the computer system which is already provided to control the source.
· In the software will set parameters according to range of EUC, and connection.
· In EUC also, the range will be set according to the parameters that will be applied by the source.
· To do active energy error, we will set active mode in both EUC and reference.
· After warming up, apply voltage and current from source by using software, and check parameters of EUC. And compare with reference's parameters. If there is a difference or face any problem, then check connection again. 
· After applying the parameters, take the error from software and note the three variations of the error in the working excel sheet.








	Sr. No.
	Energy measurement: at 50 Hz

	1.
	R, Y, B phase voltage & R, Y, B phase current applied for 3phase 4wire mode
	Voltage, Current and Power factor Variation

	2.
	
	Active Energy
	Reactive Energy

	3.
	3phase 3wire mode
	Voltage, Current and Power factor Variation

	4.
	
	Active Energy
	Reactive Energy

	5.
	Influence of frequency variation: - 3P4W active energy measurement

	6.
	Active Energy measurement in unbalance mode: at 50Hz

	3Phase voltage & 1phase Current Applied unbalance mode

	
	
	Voltage, Current and Power factor Variation

	
	
	Active Energy
	Reactive Energy















CALIBRATED RESULT
[image: ][image: ]







RESULT: CALIBRATED ERROR WITHIN LIMIT OF ACCURECY CLASS OF EUC. THE EUC IS WORK PROPERLY AT THIS LOAD POINT.










MTS320 Reference Calibration Setup
[image: ]







                   
             

TEST 2: - Energy measurement {Reactive Energy Comparison}
· To do calibration of any EUC, proper connection of voltage and current is connected to EUC with reference and source. 
· After making the connection, turn on the source and the computer system. 
· Turn it on and leave it to warm up for 1 hour. 
· Open the validated software in the computer system which is already provided to control the source.
· In the software will set parameters according to range of EUC, and connection.
· In EUC also, the range will be set according to the parameters that will be applied by the source.
· To do Reactive energy error, we will set active mode in both EUC and reference.
· After warming up, apply voltage and current from source by using software, and check parameters of EUC. And compare with reference's parameters. If there is a difference or face any problem, then check connection again. 
· After applying the parameters, take the error from software and note the three variations of the error in the working excel sheet.












CALIBRATED RESULT
[image: ]
[image: ]
RESULT: CALIBRATED ERROR WITHIN LIMIT OF ACCURECY CLASS OF EUC. THE EUC IS WORK PROPERLY AT THIS LOAD POINT.
· This way we check all the points.
· Similarly, also load points will be calculated in 3P3W. 
· Similarly, calibration is done on other varied parameters.
· Such as:- 
· Calibration load points 
· results of a device whiche is calibrated 









	Sr. No.
	Energy measurement: at 50 Hz

	1.
	R, Y, B phase voltage & R, Y, B phase current applied for 3phase 4wire mode
	Voltage, Current and Power factor Variation

	2.
	
	Active Energy
	Reactive Energy

	3.
	3phase 3wire mode
	Voltage, Current and Power factor Variation

	4.
	
	Active Energy
	Reactive Energy

	5.
	Influence of frequency variation: - 3P4W active energy measurement

	6.
	Active Energy measurement in unbalance mode: at 50Hz

	3Phase voltage & 1phase Current Applied unbalance mode

	
	
	Voltage, Current and Power factor Variation

	
	
	Active Energy
	Reactive Energy





















(a) Energy measurement: at 50 Hz
R, Y, B phase voltage & R, Y, B phase current applied for 3phase 4wire mode
	Terminal
	Applied
	Applied
	
cos¢/sin¢
	% Error in
	% Error in

	Used
	Voltage
	Current
	
	Active Energy
	Reactive Energy

	
	(Volt)
	(Amp.)
	
	(3P4W)
	(3P4W)

	120A
	40
	0.1
	1.0
	-
	0.008

	
	
	
	0.5Lag
	-
	0.012

	
	
	
	0.866Lead
	-
	0.010

	
	
	
	
	
	

	12A
	240
	0.001
	1.0
	0.046
	-0.001

	
	
	
	
	
	

	
	240
	0.002
	1.0
	0.024
	0.004

	
	
	
	0.5Lag
	0.042
	-0.001

	
	
	
	0.866Lead
	0.098
	-0.056

	
	
	
	
	
	

	
	240
	0.005
	1.0
	0.024
	0.016

	
	
	
	0.5Lag
	0.008
	0.016

	
	
	
	0.866Lead
	0.101
	-0.046

	
	
	
	
	
	

	
	240
	0.01
	1.0
	-0.017
	0.027

	
	
	
	0.5Lag
	0.007
	0.000

	
	
	
	0.866Lead
	0.083
	-0.058

	
	
	
	
	
	

	
	240
	0.02
	1.0
	-0.022
	-

	
	
	
	0.5Lag
	0.004
	-

	
	
	
	0.866Lead
	0.025
	-

	
	
	
	
	
	

	
	240
	0.025
	1.0
	-0.004
	-

	
	
	
	0.5Lag
	0.013
	-

	
	
	
	0.866Lead
	0.024
	-

	
	
	
	
	
	

	
	240
	0.05
	1.0
	0.003
	0.019

	
	
	
	0.5Lag
	0.007
	0.006

	
	
	
	0.866Lead
	0.012
	0.004

	Terminal
	Applied
	Applied
	
cos¢/sin¢
	% Error in
	% Error in

	Used
	Voltage
	Current
	
	Active Energy
	Reactive Energy

	
	(Volt)
	(Amp.)
	
	(3P4W)
	(3P4W)

	12A
	40
	12
	1.0
	-
	0.007

	
	
	
	0.5Lag
	-
	0.012

	
	
	
	0.866Lead
	-
	0.024

	
	
	
	
	
	

	
	40
	5
	1.0
	-
	0.009

	
	
	
	0.5Lag
	-
	0.013

	
	
	
	0.866Lead
	-
	0.025

	
	
	
	
	
	

	
	40
	1
	1.0
	-
	0.009

	
	
	
	0.5Lag
	-
	0.011

	
	
	
	0.866Lead
	-
	0.020

	
	
	
	
	
	

	
	40
	0.1
	1.0
	-
	0.008

	
	
	
	0.5Lag
	-
	0.008

	
	
	
	0.866Lead
	-
	0.014

	
	
	
	
	
	

	
	63.5
	0.001
	1.0
	-0.007
	0.027

	
	
	
	
	
	

	
	63.5
	0.005
	1.0
	-0.007
	0.020

	
	
	
	0.5Lag
	0.024
	-0.057

	
	
	
	0.866Lead
	0.068
	0.037

	
	
	
	0.5Lead
	-0.014
	0.084

	
	
	
	
	
	

	
	63.5
	0.01
	1.0
	-0.046
	0.006

	
	
	
	0.5Lag
	0.014
	-0.050

	
	
	
	0.866Lead
	0.068
	0.028

	
	
	
	0.5Lead
	-0.007
	0.080

	
	
	
	
	
	

	
	63.5
	0.02
	1.0
	-0.061
	-

	
	
	
	0.5Lag
	0.010
	-

	
	
	
	0.866Lead
	0.027
	-

	
	
	
	0.5Lead
	0.000
	-

	
	
	
	
	
	

	
	63.5
	0.025
	1.0
	-0.001
	-

	
	
	
	0.5Lag
	0.014
	-

	
	
	
	0.866Lead
	0.018
	-

	
	
	
	0.5Lead
	0.010
	-

	Terminal
	Applied
	Applied
	
cos¢/sin¢
	% Error in
	% Error in

	Used
	Voltage
	Current
	
	Active Energy
	Reactive Energy

	
	(Volt)
	(Amp.)
	
	(3P4W)
	(3P4W)

	12A
	63.5
	0.05
	1.0
	0.003
	-

	
	
	
	0.5Lag
	0.012
	-

	
	
	
	0.866Lead
	0.015
	-

	
	
	
	0.5Lead
	0.013
	-

	
	
	
	
	
	

	
	63.5
	0.1
	1.0
	0.009
	0.010

	
	
	
	0.5Lag
	0.013
	0.013

	
	
	
	0.866Lead
	0.012
	0.013

	
	
	
	0.5Lead
	0.013
	0.012

	
	
	
	
	
	

	
	63.5
	0.2
	1.0
	0.015
	0.013

	
	
	
	0.5Lag
	0.009
	0.012

	
	
	
	0.866Lead
	0.007
	0.011

	
	
	
	0.5Lead
	0.012
	0.014

	
	
	
	
	
	

	
	63.5
	0.25
	1.0
	0.012
	-

	
	
	
	0.5Lag
	0.013
	-

	
	
	
	0.866Lead
	0.012
	-

	
	
	
	0.5Lead
	0.013
	-

	
	
	
	
	
	

	
	63.5
	0.5
	1.0
	0.015
	0.010

	
	
	
	0.5Lag
	0.011
	0.015

	
	
	
	0.866Lead
	0.008
	0.011

	
	
	
	0.5Lead
	0.013
	0.007

	
	
	
	
	
	

	
	63.5
	1
	1.0
	0.016
	0.013

	
	
	
	0.5Lag
	0.013
	0.020

	
	
	
	0.866Lead
	0.006
	0.010

	
	
	
	0.5Lead
	0.015
	0.007

	
	
	
	
	
	

	
	63.5
	2
	1.0
	0.020
	0.011

	
	
	
	0.5Lag
	0.010
	0.011

	
	
	
	0.866Lead
	0.011
	0.013

	
	
	
	0.5Lead
	0.012
	0.012

	Terminal
	Applied
	Applied
	
cos¢/sin¢
	% Error in
	% Error in

	Used
	Voltage
	Current
	
	Active Energy
	Reactive Energy

	
	(Volt)
	(Amp.)
	
	(3P4W)
	(3P4W)

	12A
	63.5
	10
	1.0
	0.025
	0.013

	
	
	
	0.5Lag
	0.013
	0.025

	
	
	
	0.866Lead
	0.008
	0.013

	
	
	
	0.5Lead
	0.019
	0.008

	
	
	
	
	
	

	
	63.5
	12
	1.0
	0.024
	0.015

	
	
	
	0.5Lag
	0.014
	0.021

	
	
	
	0.866Lead
	0.005
	0.011

	
	
	
	0.5Lead
	0.016
	0.0



(b)Energy measurement: at 50 Hz
3phase 3wire mode
	Terminal
	Applied
	Applied
	
cos¢/sin¢
	% Error in
	% Error in

	Used
	Voltage
	Current
	
	Active Energy
	Reactive Energy

	
	(Volt)
	(Amp.)
	
	(3P3W)
	(3P3W)

	12A
	110
	0.001
	1.0
	-0.013
	0.074

	
	
	
	
	
	

	
	110
	0.005
	1.0
	0.017
	0.005

	
	
	
	0.5Lag
	0.068
	-0.070

	
	
	
	0.866Lead
	-0.004
	0.041

	
	
	
	0.5Lead
	-0.036
	0.094

	
	
	
	
	
	

	
	110
	0.01
	1.0
	0.007
	0.002

	
	
	
	0.5Lag
	0.093
	-0.057

	
	
	
	0.866Lead
	-0.018
	0.031

	
	
	
	0.5Lead
	-0.061
	0.087

	
	
	
	
	
	

	
	110
	0.02
	1.0
	0.007
	-

	
	
	
	0.5Lag
	0.040
	-

	
	
	
	0.866Lead
	-0.002
	-

	
	
	
	0.5Lead
	-0.011
	-

	Terminal
	Applied
	Applied
	
cos¢/sin¢
	% Error in
	% Error in

	Used
	Voltage
	Current
	
	Active Energy
	Reactive Energy

	
	(Volt)
	(Amp.)
	
	(3P3W)
	(3P3W)

	12A
	110
	0.05
	1.0
	0.011
	-

	
	
	
	0.5Lag
	0.024
	-

	
	
	
	0.866Lead
	0.009
	-

	
	
	
	0.5Lead
	0.005
	-

	
	
	
	
	
	

	
	110
	0.1
	1.0
	0.015
	0.010

	
	
	
	0.5Lag
	0.014
	0.013

	
	
	
	0.866Lead
	0.014
	0.013

	
	
	
	0.5Lead
	0.014
	0.015

	
	
	
	
	
	

	
	110
	0.2
	1.0
	0.010
	-

	
	
	
	0.5Lag
	0.009
	-

	
	
	
	0.866Lead
	0.011
	-

	
	
	
	0.5Lead
	0.012
	-

	
	
	
	
	
	

	
	110
	0.25
	1.0
	0.012
	0.013

	
	
	
	0.5Lag
	0.017
	0.009

	
	
	
	0.866Lead
	0.013
	0.014

	
	
	
	0.5Lead
	0.016
	0.013

	
	
	
	
	
	

	
	110
	0.5
	1.0
	0.010
	0.012

	
	
	
	0.5Lag
	0.012
	0.012

	
	
	
	0.866Lead
	0.012
	0.012

	
	
	
	0.5Lead
	0.011
	0.014

	
	
	
	
	
	

	
	110
	1
	1.0
	0.014
	0.014

	
	
	
	0.5Lag
	0.005
	0.023

	
	
	
	0.866Lead
	0.018
	0.011

	
	
	
	0.5Lead
	0.024
	0.004






(c)influence of frequency variation: - 3P4W active energy measurement
	Terminal
	Applied
	Applied
	
cos¢
	% error when

	Used
	Voltage
	Current
	
	following Frequencies are present

	
	(Volt)
	(Amp.)
	
	47.5Hz
	52.5Hz

	12A
	240
	0.1
	1.0
	0.007
	0.006

	
	
	
	0.5Lag
	0.010
	0.007

	
	
	
	0.866Lead
	0.004
	0.007

	
	
	
	
	
	

	
	240
	1
	1.0
	0.003
	-0.150

	
	
	
	0.5Lag
	0.003
	0.004

	
	
	
	0.866Lead
	0.007
	0.008

	
	
	
	
	
	

	
	240
	2
	1.0
	0.006
	0.004

	
	
	
	0.5Lag
	0.010
	0.005

	
	
	
	0.866Lead
	0.003
	0.003

	
	
	
	
	
	

	
	240
	5
	1.0
	0.006
	0.007

	
	
	
	0.5Lag
	0.001
	0.000

	
	
	
	0.866Lead
	0.010
	0.009

	
	
	
	
	
	

	
	240
	10
	1.0
	0.011
	0.005

	
	
	
	0.5Lag
	0.004
	0.003

	
	
	
	0.866Lead
	0.015
	0.011


Terminal
Applied
Applied

cos¢
% Error in
Used
Voltage
Current

Active Energy

(Volt)
(Amp.)

(3P4W)
12A
63.5
1
0.25Lag
0.000



0.25Lead
0.025






240
1
0.25Lag
-0.002



0.25Lead
0.015






240
5
0.25Lag
-0.011



0.25Lead
0.023

240
50
0.25Lag
-0.004



0.25Lead
0.009

























(d)Active Energy measurement in unbalance mode: at 50Hz
3phase voltage & 1phase current applied for unbalance mode

	Terminal
	Applied
	Applied
	
cos¢
	
	% error
	

	Used
	Voltage
	Current
	
	when following phase are present

	
	(Volt)
	(Amp.)
	
	R-Phase
	Y-Phase
	B-Phase

	120A
	240
	20
	1.0
	0.004
	0.001
	-0.001

	
	
	
	0.5Lag
	0.000
	0.027
	0.000

	
	
	
	0.866Lead
	0.005
	-0.012
	0.002

	
	
	
	
	
	
	

	
	240
	25
	1.0
	0.006
	0.007
	0.008

	
	
	
	0.5Lag
	0.010
	0.002
	0.006

	
	
	
	0.866Lead
	0.008
	0.009
	0.014

	
	
	
	
	
	
	

	
	240
	50
	1.0
	0.007
	-0.021
	0.012

	
	
	
	0.5Lag
	0.006
	0.006
	0.002

	
	
	
	0.866Lead
	0.007
	0.017
	0.014

	
	
	
	
	
	
	

	
	240
	60
	1.0
	0.016
	0.009
	0.009

	
	
	
	0.5Lag
	0.019
	0.004
	0.011

	
	
	
	0.866Lead
	0.017
	0.010
	0.009

	
	
	
	
	
	
	

	
	240
	100
	1.0
	0.016
	0.009
	0.007

	
	
	
	0.5Lag
	0.017
	0.002
	0.009

	
	
	
	0.866Lead
	0.015
	0.011
	0.007

	
	
	
	
	
	
	

	12A
	240
	12
	1.0
	0.008
	0.004
	0.005

	
	
	
	0.5Lag
	0.004
	-0.002
	0.002

	
	
	
	0.866Lead
	0.009
	0.006
	0.007

	
	
	
	
	
	
	

	
	240
	10
	1.0
	0.010
	0.008
	0.006

	
	
	
	0.5Lag
	0.010
	-0.005
	0.004

	
	
	
	0.866Lead
	0.013
	0.012
	0.006

	
	
	
	
	
	
	

	
	240
	5
	1.0
	0.004
	0.008
	0.009

	
	
	
	0.5Lag
	0.002
	-0.005
	0.001

	
	
	
	0.866Lead
	0.005
	0.014
	0.012



	Terminal
	Applied
	Applied
	
cos¢
	
	% error
	

	Used
	Voltage
	Current
	
	when following phase are present

	
	(Volt)
	(Amp.)
	
	R-Phase
	Y-Phase
	B-Phase

	12A
	240
	0.1
	1.0
	0.010
	0.001
	0.000

	
	
	
	0.5Lag
	0.017
	-0.002
	0.013

	
	
	
	0.866Lead
	0.011
	0.005
	0.000

	
	
	
	
	
	
	

	
	240
	0.05
	1.0
	0.004
	0.007
	0.011

	
	
	
	0.5Lag
	0.020
	0.003
	0.015

	
	
	
	0.866Lead
	-0.002
	0.003
	0.005

	
	
	
	
	
	
	

	
	240
	0.02
	1.0
	0.010
	0.001
	-0.003

	
	
	
	0.5Lag
	0.017
	0.007
	0.047

	
	
	
	0.866Lead
	0.004
	0.008
	-0.013

	
	
	
	
	
	
	

	
	240
	0.01
	1.0
	0.019
	-0.001
	-0.007

	
	
	
	0.5Lag
	0.061
	0.026
	0.099

	
	
	
	0.866Lead
	-0.012
	0.006
	-0.022

	
	
	
	
	
	
	

	
	240
	0.005
	1.0
	0.018
	0.044
	0.016

	
	
	
	0.5Lag
	0.074
	0.074
	0.046

	
	
	
	0.866Lead
	-0.029
	0.032
	0.018

	
	
	
	
	
	
	

	
	63.5
	12
	1.0
	0.016
	0.009
	0.010

	
	
	
	0.5Lag
	0.009
	-0.001
	0.007

	
	
	
	0.866Lead
	0.015
	0.012
	0.013

	
	
	
	
	
	
	

	
	63.5
	5
	1.0
	0.012
	0.013
	0.015

	
	
	
	0.5Lag
	0.006
	-0.002
	0.006

	
	
	
	0.866Lead
	0.014
	0.019
	0.018

	
	
	
	
	
	
	

	
	63.5
	1
	1.0
	0.018
	0.009
	0.008

	
	
	
	0.5Lag
	0.014
	0.001
	0.001

	
	
	
	0.866Lead
	0.019
	0.011
	0.010

	
	
	
	
	
	
	




(e)	Active Energy measurement with 10% of 3rd harmonics in current ckt.: at 50Hz In 3phase 4wire mode
	Terminal
Used
	Applied
	Applied
	
cos¢
	% error when

	
	Voltage
	Current
	
	following harmonics are present in

	
	(Volt)
	(Amp.)
	
	In Phase
	Out Phase

	120A
	240
	100
	1.0
	0.012
	0.011

	
	
	
	0.5Lag
	0.010
	0.006

	
	
	
	
	
	

	
	240
	50
	1.0
	0.009
	0.011

	
	
	
	0.5Lag
	0.004
	0.010

	
	
	
	
	
	

	
	240
	10
	1.0
	0.008
	0.008

	
	
	
	0.5Lag
	0.003
	0.005

	
	
	
	
	
	

	
	240
	5
	1.0
	0.006
	0.009

	
	
	
	0.5Lag
	-0.001
	0.004

	
	
	
	
	
	

	
	240
	1
	1.0
	0.006
	0.006

	
	
	
	0.5Lag
	0.002
	0.004

	
	
	
	
	
	

	
	240
	0.1
	1.0
	0.005
	0.004

	
	
	
	0.5Lag
	0.009
	0.008

	
	
	
	
	
	

	12A
	240
	10
	1.0
	0.008
	0.007

	
	
	
	0.5Lag
	0.002
	0.004

	
	
	
	
	
	

	In 3phase 3wire mode
	
	
	
	

	12A
	110Vp-p
	10
	1.0
	0.014
	0.013

	
	
	
	0.5Lag
	0.007
	0.011

	
	
	
	
	
	

	
	110Vp-p
	5
	1.0
	0.011
	0.015

	
	
	
	0.5Lag
	0.007
	0.007







(f)Active Energy measurement with 40% of 5th harmonics in current ckt & 10% of 5th harmonics in voltage ckt.: at 50Hz
In 3phase 4wire mode
	Terminal Used
	Applied
	Applied
	
cos¢
	% error when

	
	Voltage
	Current
	
	following harmonics are present in

	
	(Volt)
	(Amp.)
	
	In Phase
	Out Phase

	120A
	240
	50
	1.0
	0.009
	0.009

	
	
	
	
	
	

	
	240
	10
	1.0
	0.007
	0.008

	
	
	
	
	
	

	
	240
	5
	1.0
	0.007
	0.008

	
	
	
	
	
	

	
	240
	1
	1.0
	0.007
	0.008

	
	
	
	
	
	

	
	240
	0.5
	1.0
	0.009
	0.009

	
	
	
	
	
	

	12A
	240
	10
	1.0
	0.008
	0.008

	
	
	
	
	
	

	
	240
	5
	1.0
	0.007
	0.006

	
	
	
	
	
	

	
	240
	1
	1.0
	0.006
	0.006

	
	
	
	
	
	

	
	240
	0.5
	1.0
	0.007
	0.007

	
	
	
	
	
	

	In 3phase 3wire mode
	
	
	
	

	12A
	110Vp-p
	12
	1.0
	0.013
	0.014

	
	
	
	
	
	

	
	110Vp-p
	10
	1.0
	0.013
	0.012

	
	
	
	
	
	

	
	110Vp-p
	5
	1.0
	0.012
	0.011

	
	
	
	
	
	

	
	110Vp-p
	1
	1.0
	0.013
	0.013

	
	
	
	
	
	

	
	110Vp-p
	0.5
	1.0
	0.012
	0.013










(g)Frequency measurement: - (at 240V, 100A)
	Nominal
Frequency
	EUC
	Standard

	(Hz)
	(Hz)
	(Hz)

	40
	40.00
	40.00

	45
	45.00
	45.00

	50
	50.00
	50.00

	55
	55.00
	55.00

	60
	60.00
	60.00

	70
	70.00
	70.00




(h)	Frequency measurement: - (at 240V, 10A)
	Nominal
Frequency
	EUC
	Standard

	(Hz)
	(Hz)
	(Hz)

	40
	40.00
	40.00

	45
	45.00
	45.00

	50
	50.00
	50.00

	55
	55.00
	55.00

	60
	60.00
	60.00

	70
	70.00
	70.00



(i)	Voltage measurement: at 50Hz
	Applied
	
Phase
	Measured
	Standard

	Voltage
	
	Voltage
	Voltage

	(Volts)
	
	(Volts)
	(Volts)

	320
	R
	320.027
	320.004

	
	Y
	320.009
	320.005

	
	B
	320.009
	320.004

	
	
	
	

	240
	R
	240.016
	240.000

	
	Y
	240.010
	240.003

	
	B
	240.005
	240.002

	
	
	
	

	120
	R
	120.010
	120.000

	
	Y
	120.006
	120.000

	
	B
	120.007
	120.000

	
	
	
	

	60
	R
	60.005
	60.0001

	
	Y
	60.004
	60.0001

	
	B
	60.003
	60.0000

	
	
	
	

	40
	R
	40.004
	40.0005

	
	Y
	40.003
	40.0000

	
	B
	40.002
	40.0001








(j)	Current measurement: at 240V, 50Hz in 120A terminal
	Applied
	
Phase
	Measured
	Standard

	Current
	
	Current
	Current

	(Amps)
	
	(Amps)
	(Amps)

	120A
	R
	120.002
	119.998

	
	Y
	120.000
	119.998

	
	B
	120.001
	119.996

	
	
	
	

	100A
	R
	100.008
	99.998

	
	Y
	100.002
	99.999

	
	B
	100.000
	99.998




(k)   Current measurement: at 240V, 50Hz in 12A terminal

	Applied
	
Phase
	Measured
	Standard

	Current
	
	Current
	Current

	(Amps)
	
	(Amps)
	(Amps)

	10A
	R
	10.0007
	10.0000

	
	Y
	10.0003
	10.0000

	
	B
	10.0001
	10.0000

	
	
	
	

	5A
	R
	5.00000
	5.00005

	
	Y
	5.00019
	5.00008

	
	B
	5.00019
	5.00009

	
	
	
	

	2.5A
	R
	2.50004
	2.50001

	
	Y
	2.50012
	2.50001

	
	B
	2.50015
	2.50000

	
	
	
	

	2A
	R
	2.00003
	2.00000

	
	Y
	2.00002
	2.00000

	
	B
	1.99995
	2.00000

	
	
	
	

	1A
	R
	1.00006
	1.00000

	
	Y
	1.00001
	1.00000

	
	B
	0.99999
	1.00000

	
	
	
	

	500mA
	R
	499.980
	499.999

	
	Y
	500.003
	500.003

	
	B
	500.019
	500.002

	
	
	
	

	250mA
	R
	249.995
	250.000

	
	Y
	250.006
	250.000

	
	B
	250.005
	249.999

	
	
	
	

	100mA
	R
	100.007
	100.004

	
	Y
	100.000
	99.999

	
	B
	99.996
	99.9




(l)	Power factor measurement: at 240V, 100A, 50Hz

	Applied P.F.
cos¢
	
Phase
	Measured cos¢
	Standard cos¢

	1.0
	R
	1.0000
	1.0000

	
	Y
	1.0000
	1.0000

	
	B
	1.0000
	1.0000

	
	
	
	

	0.5Lag
	R
	0.5000
	0.5000

	
	Y
	0.5001
	0.5001

	
	B
	0.5000
	0.5000

	
	
	
	

	0.5Lead
	R
	0.5000
	0.5000

	
	Y
	0.5000
	0.5000

	
	B
	0.4999
	0.4999

	
	
	
	

	0.25Lag
	R
	0.2504
	0.2504

	
	Y
	0.2503
	0.2503

	
	B
	0.2505
	0.2505

	
	
	
	

	0.25Lead
	R
	0.2503
	0.2504

	
	Y
	0.2505
	0.2505

	
	B
	0.2503
	0.2503












(m)	Power factor measurement: at 240V, 10A, 50Hz

	Applied P.F.
cos¢
	
Phase
	Measured cos¢
	Standard cos¢

	1.0
	R
	1.0000
	1.0000

	
	Y
	1.0000
	1.0000

	
	B
	1.0000
	1.0000

	
	
	
	

	0.5Lag
	R
	0.4999
	0.4999

	
	Y
	0.4999
	0.4999

	
	B
	0.4999
	0.4999

	
	
	
	

	0.5Lead
	R
	0.5001
	0.5000

	
	Y
	0.5001
	0.5000

	
	B
	0.5000
	0.5000

	
	
	
	

	0.25Lag
	R
	0.2503
	0.2503

	
	Y
	0.2503
	0.2503

	
	B
	0.2503
	0.2503

	
	
	
	

	0.25Lead
	R
	0.2504
	0.2504

	
	Y
	0.2505
	0.2504

	
	B
	0.2504
	0.2504
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