CHAPTER 1
INTRODUCTION
1.0
General 
For many years, traditional electro mechanical meters have been the instrument used by utility companies to measure residential and commercial power consumption.  As the deregulation of the generation and distribution of power progress, the price for electricity becomes increasingly competitive.  Consumers are also demanding better customer service, higher energy measurement accuracy and more timely data.  Utility companies are being forced to find solutions that will enable more sophisticated energy measurement methods, to achieve these goals an electronic energy meter is considered the lowest cost solution. The electronic energy meter is an ac static meter and is based on energy metering IC (AD7751/ADE7752). The main features of the meter are 
(i)
The most distinctive features is that it continuously monitors the phase and neutral (return) currents. A fault condition occurs if the two currents differ by more than 12.5%. This feature prevents tempering by the customers in terms of using earth as returns wire in place of neutral because it calculates power on the basis of larger current and even if one of the two wire does not carry any current.  This feature also helps to the customer in paying appropriate bill to the electricity board.

(ii)
It is a low cost, single chip solution for electrical energy measurement.

(iii)
It also have direct drive capability for electro mechanical counters as like conventional meters.

(iv)
It has a high frequency pulse output for calibration and communication purposes.

(v)
High accuracy and low wear and tear because it contains no moving part.

(vi)
The energy monitoring IC supplies average real power on the frequency outputs F1 and F2.

(vii)
High accuracy over large variation in environmental conditions and aging.

(viii)
Low effect of stray magnetic field.
(ix)
Very minor effect of transportation & impact.

(x)
On chip creep protection. 

(xi)
Single 5V supply, low power 15mw for single phase and 60 mw in case of three phase meters.
The electronic energy meters are more vulnerable to EMI disturbances and may also act as a source of polluting power line as well as electro magnetic environment due to use of SMPS, Clock & processing circuits etc.  A very important fact is to keep in mind when designing an energy meter is to carefully select each component to ensure a long life expectancy and accuracy of the entire system. 

1.1
Functional Block Diagram of Electronic Energy Meter 
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Fig. 1 A block diagram of an electronic energy meter

A block diagram of an Electronic Energy Meter is shown in figure 1.  The current sensor carries the current of the circuit and converts it to the voltage of suitable magnitude useful for Energy Metering IC usually of the order of milli volts (±330 mV).  The voltage sensor carries the voltage of the circuit and reduced it to the utilization level of IC which is around 300mV. Energy metering IC first filters out the dc offset present either from the current signal or voltage signal then the instantaneous values of the voltages of the current channel and voltage channels are multiplied to give the instantaneous power.  This power is filtered out by the low pass filter having cut  off frequency as 50Hz so that average value of power is obtained, at low frequency output an integrator is used which gives the average value of energy to drive an electromechanical counter.  Due to the low integration time, we have another output of high frequency for calibration purposes.  In case of three phase energy meter, there will be three current sensor and these voltage sensor to sense the current and voltage of all the three phases and an adder in addition to it for sum-up the power of all the three phases.
1.2
Literature review 
A literature review of various papers published and presented in various international conferences on energy metering was carried out and briefly summarized as follows 
Robarto Caceres, et al. [2] studied active electric energy meters behavior of induction and electronic types.  
The electromagnetic or induction meters are very reliable.  The tendency for the curve of error displacement during the operating time is toward negative values, mainly for low load current values.  After 10 years in service, the negative error is bigger in meters that do not have magnetic suspension.  They admit fraud easily, due to the little complexity and accessibility to their mechanism.  The electric energy measurement using induction equipment is not obsolete, if it delimits it to the active energy measurement and if non linear loads (Harmonic Distortion) are not considered.

F. Calegari [4] has described energy measurement in residential single phase networks, the power and energy measurements through a low-cost electronic solid-state digital meter, for the non sinusoidal case, needs to optimization of the signal acquisition system.  Other wise noticeable errors are introduced.  Further more, the low cost implementation of some definitions is difficult, and these can only be approximated.  The energy meter IC based architecture is more flexible and more proper to integration inside the communication technologies for the home automation. M Wada and O. Nakamura developed a remote meter reading system for distribution automation.  The remote meter reading system had been field operated since 1989. As a result, it has been confirmed that in many respects including functions and performance of the system, it is feasible to start commercial operation of the system. However, further improvement in the function and performance of the system needed as linkage of the system to home automation systems and the provision of security service so that one can meet the sophisticated needs of customers. The perception of reliability of any measurement instrumentation should not only be limited to long life expectancy but should also include consistent performance.

M. Nagaraju, et al [14] have described networked Electronic Energy meters with power quality analysis in addition to the obvious advantages (insensitivity, manufacturability, reliability and digital / field calibration) of electronic energy meter over their electro mechanical counterparts, Networked electronic energy meters will revolutionize future power systems in  terms of better integration, planning, control, maintenance and billing.  In addition, meters that conform to the P. 14.51.2 standard may be inter-networked through the world wide web, thereby opening a new vista in distributed monitoring, automation and control.
Antonio Barrierm et al [15] presented an energy management system for rational electricity use reducing cost and consumption. The emphasis is placed on extensive electronic energy metering and process data recording
Natasha Wan and Kerin Manning [12] describe the Life Expectancy of an Electronic Energy Meter.  The high temperature operational life test  (HTOL) results shows that an energy measurement IC can achieve a 60-year life expectancy at an operating temperature of 60 degrees Celsius beings us another step closer to accepting electronic energy meters as the energy meter of the future.  A very important fact to keep in mind when designing an energy meter is to carefully select each component to ensure a long life expectancy and accuracy of the entire system.  Although it may be argues that it is very costly to replaced the existing electromechanical meters in the world with electronic energy meters for all the benefits that they bring, it is even more costly to tolerate the inaccuracies of electromechanical meters and be bound to their limited functionalities.  
Gorazd Modrijan et al. [3] presented a three –phase power source with row THD for energy meters calibration.  They described a three-phase power calibration source that uses a modified repetitive action control method.  The calibration is designed to supply up to five energy meters in a phantom load test arrangement.  It generates in dependent sinusoidal and non sinusoidal voltage waveforms with amplitudes between 20V and 320 V rms and current waveforms from   1mA to 60A rms.

The corrector which is based on the repetitive action correction principle performs well until the 72nd higher harmonic component. The corrector performs well up to about 3.2 KHz, where upon the frequency response declines, as processed and refined to energy information that, in effect, uncovers hidden saving potentials.  Energy information and related saving measures are introduced into daily organizational operating procedures and are backed up by a permanent energy management team. A 3 to 6% reduction of specific electric energy is a  project saving objective.
The R. De Vre, Huybrechts [1] presents a paper on Electronic Energy Meters – Principles, performances and tests.  They discussed the various methods of power measurement like analog multipliers, transconductance multiplier, Hall effect multiplier, mark-space multiplier, multiplier with “Time” output, numerical multipliers etc. and the various test performed on Electronic watt - Hour meters to judge the performance of the watt-hour meters.  The principles used in the electronic watt-hour meter permits to obtain very favorable metrological characteristics and a favourable behaviour with regard to all sorts of influence from the environment.

A Study is presented by P.S. Nagendra Rao and Ravishankar Deekshit [5] on Energy loss estimation in Distribution feeders.  The  results highlight the limitations of the present method of loss estimation in use and also the major difficulties in measuring the losses directly.  Two loss estimation schemes are proposed and an assessment of their reliability has been provided by comparing  the estimates with measures values. One of the scheme is meant for the 11kV primary feeders and makes use of the logged data of the electronic meters already installed at the input of these feeders.  The second scheme is meant for use with LV feeders.  As no metering exists at these feeders, use of a new meter is proposed.  It is shown that the use of this integrating type of 
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meter when multiplied with a constant gives a good estimate of the LV feeder loss.
Benjamin Yue Zongbin [7] presented a paper on preparing for more competitive markets.  Paper presents the implementation of remote energy metering systems and ERP software, even though there are flaws in the jewel of the simulation, it is drawing attentions of management and staff of each department to continuously improve efficiency of operation.

T.K. Abdel et al. [9]  presented paper titled as effect of New deregulation policy on power quality monitoring and mitigation techniques.  The deregulation of power industry will not alter any practical concerns about the generation and spread power quality problems along the power system.  However, it is expected that the number of voltage sags and harmonic levels will continue to increase unless a suitable counter action is taken.  In a vertically integrated system the mitigation of power quality problems is mainly the responsibility of the consumers. In a deregulated power industry, the consumer will have the right to chose the utility which supplies him with the power, even more the customer can choose among different grades of power.  The problem of PQ mitigation presumably will be shifted from the customer side to the distcos and marketers side who should search for the most economical technique to mitigate Power Qualify (PQ) events.  These techniques will rely on emerging new technologies that combine different PQ mitigation actions in single equipment in a cost effective way. Responsibility for power quality is an essential but compound issue because the distcos, which are blamed when there is power quality problem, is not directly responsible for all PQ problems.  Who should act to mitigate PQ problems and how the cost of these actions will be restored in a competitive environment is ambiguous issue.  A new monitoring strategy and new algorithms should be adopted and new standards should be developed to make the process of identifying, quantifying and localizing   power quality problems feasible in the deregulated era.  In the future, this will be an essential requirement to solve the dispute about the power quality trouble responsibility when any problem takes place.

Mihai Gavrilas et al.[10]  presented a paper on “Identifying Typical Lord profiles using Neural Fuzzy models”.  The authors propose a weighted fuzzy self-organizing approach for the classification of load profiles for consumers in distribution network and the computation of typical load profiles.  The fuzzy approach surpasses the influence of the order of pattern presentation over the classification results, which is a common place for the traditional SOM algorithm the weighting strategy reduces the sensitivity of the fuzzy SOM algorithm with respect to the values of the tuning parameters.  
The case studies used a data based comprising 96 daily load profiles metered on the low voltage side of 11 substation transformers supplying consumers with a known structure.

These studies proved that the computation of typical load profiles using the weighted fuzzy approach could take into consideration quantitative and / or qualitative differences between load profiles of different consumers with the same activity.  For the 96 daily load profiles data base, the weighted fuzzy self-organizing algorithm produced nine typical load profiles.
 Henrik Lavric,et al.[11] described Hybrid Voltage amplifier for power calibrator with harmonics analysis capability. 
 By means of a novel topology combining linear and switching technique upgraded by the Supreme feed forward feed back control loop, a low distortion and power efficient system is obtained.  Owing to the use of the output transformer, the output voltage is free of the dc component.  This is extremely advantageous when calibrating energy meters containing voltage transformers. As expected, the amplifier meets the amplitude in accuracy and THD specifications.  It is only the phase error that slightly exceeds the limit value when approaching the frequency of 70Hz.  This can be compensated for by a voltage reference generator.  Since the long-term inaccuracy depends only on the absolute stability of very few components in the supreme feed back circuit, it is believed that it will not exceed the limit value. Companied to the linear amplifier, the essential advantages of the hybrid voltage amplifier are low power losses when reactive loads are applied to the output when power calibrator is used.
A literature reviewof Buero of Indian standard IS 13779 : 1999 [16] for ac static watt Hour meters of class 1 & class 2 accuracy has been also carried out.  The specification describes and gives guidance for designing static watt hour meters of accuracy class-1 and 2, for the measurement of alternating current electrical active energy of frequency in the range 45 Hz to 55Hz for single phase and three - phase balanced and unbalanced loads. It applies to their type tests, routine tests and acceptance tests.  This specification applies to only indoor type meters whose measuring elements and registers are enclosed together in the meter case.  It also applies to operation indications, test output and multi rate tariff meters and meters which measure energy in both directions. It does not apply to 

 (a)
Watt hour meters, where the voltage across the connection terminal exceeds 600V.
(b)
Portable meters and out doors meters.
(c)
Elements encloses in the meter case such as impulse device, time- switches, remote control elements, maximum demand indicator etc. and  

(d)
Data interfaces to the register of the meters.  

A literature review of application note (AN 563)[17]on a tamper-resistant watt hour energy meter based on the AD-7751 and two current sensors by Anthony collirs and William Koon is also studied An application note (An-641)[18] on a three-phase power meter based on the ADE 7752 by Stephen English and Rached Kaplan and their data sheets are studied.  The An-563 describes a low-cost, high-accuracy watt. Hour meter based on the AD-7751.  The meter described is intended for use in single phase, two-wire distribution system / single phase three wire system.  The data sheet provides the information on the functionality of the AD7751.  The 
AN-641 describes a high accuracy; low cost three phase power meter based on the ADE-7752, the meter is designed for use in a wye-connected three phase four wire distribution system.  The ADE 7752 may be designed into three phase meters for both three wires and four wire service.  The reference design demonstrates the key features of an ADE 7752 based meter, and is not intended for production.  The data sheet provides the information on the functionality of the ADE-7752.

1.3 
Conclusion

This chapter presents a brief overview of the literature published on the function, control and performance improvement of an electronic energy meter.  The various measurement methods to derive the exact value of energy consumption have been studied and described.

CHAPTER 2


DESIGN OF SINGLE PHASE ELECTRONIC ENERGY METER
2.0
General 
The design of electronic energy meter consists of the designing of various components like power supply, voltage sensor, current sensor counter or display unit and description of IC.  This design is applicable for single phase electric energy meter based on AD7751 IC.  The design calculations have been carried out for a particular rating e.g. single phase energy meter, 50Hz, 240V, 10-40A and similar procedure can be used for designing of other rating meters. The design produce will differ slightly if we use any other integrating circuit or processor other than AD7751.

2.1
Design Block  Diagram  The process block diagram for the designing of the electronic energy meter is shown in figure 2. 

[image: image2.emf]
Figure 2.0 Design Block of an Electronic Energy Meter

2.2
Design Calculations  A Design calculations for single phase, 50Hz, 240V, 
10-40A electronic energy meter is described as follows :

2.2.1
Design of Current Transformer (Current Sensor)

A current transformer is the concept of inductance to sense current.  A Current Transformer (CT) is made up of a coil would around a ferrite core.  The current-carrying wire is looped through the center of this winding, which creates a magnetic field in the winding of the Current Transformer and a voltage output proportional to the current in the conducting wire.  The properties that affect the performance of a given Current Transformer are the dimensions of the core, the number of turns in the winding the diameter of the wire, the value of the load resistor, and the permeability and loss angle of the core material.

While choosing a CT consider the DC saturations level. At some high, finite value of current or in the presence of a high DC component, the ferrite conc. Material exhibits hysteresis behavior and the CT can saturate The current range is usually calculated as 
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Where R is the resistance of the burden resistor  and the copper wire. 
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 represents the dimensions of the core 
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 is the value of the magnetic field at which the core material saturates. 
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 is the number of turns in the CT.

A CT used for metering should have a linear phase shift across the desired current dynamic range.  The phase error for a CT is derived as 
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Where R is the resistance of the burden resistor and the copper wire.
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 represents the core loss.

L is the inductance of the coil.

The phase error caused by the CT is compensated by a low-pass filter called antialiasing filter before the ADC inputs.  In this way the error caused in energy measurement due to the phase mismatch between the current channel and voltage channel is avoided.

The value of burden resistor and the CT turn ratio is selected to give the proper input voltage range for the AD7751 which is less than ±330 m Vrms.

The value of the burden resistance varies over large current range. A burden resistance of less than 15 
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 is recommended. 

(a)
Design of coil turns  8.2 
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 , 1 W resister can be used as burden resister.  
The No. of turns in primary winding is one.

Taking a current density of 2A/mm2.

Area of the primary conductor =   
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Since we have to insulate primary conductor only for 220V, so a very thin coating of varnish will be sufficient and it will not much contribute in the thickness of conductor.

No. of turns in the secondary winding = 
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      = 1454.54

So, the No. of turns in the secondary winding must be at least 1455, hence we use a CT of 1:1800 is chosen in order to allow headroom.

Taking a current density of 1.7 A/mm2.

Area of secondary winding conductor = 
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Therefore, enameled copper wire of 0.145 mm diameter can be used for secondary winding.

The mean length of the core is = 3.14 x 16 
= 50.28mm

Diameter of one secondary conductor 

= 0145mm

So, No. of turns can be accommodate on the core = 
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So, No. of conductor  per layer = 
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Thickness of 6 conductor = 
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Therefore, space for primary conductor = 
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 and the diameter of the primary conductor is 5.05 mm, Therefore, sufficient space is available for primary conductor.

(b)
Design of Core  Mumetal Core are commonly used when it is essential that transformers error shall be small.  Mumetal  has the properties of high permeability, low loss and small retentivity.

Since measuring current transformer has a flux density in the region of ankle point only (not greater than 0.1 wb/m2).  Therefore, mumetal is the best choice among all the materials used for CT’s core.

The total flux in the core will depend upon the total voltage to be generated in the secondary winding and not only on the external burden.

We assume a total burden (including secondary winding and connecting leads) to be 0.02 VA.

EsIs = 0.02 VA

Es = 
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Flux in the core. 
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Use a flux density of 0.05 wb/m2
Net cone area Ai = 
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 = 44mm2.

Assume stacking factor as 0.9

Then Agi = 
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Taking square section for the core with 7 mm side.

Gross core area provided = 49mm2 and net core area provided = 44.1 mm2.

Flux density in core Bm = 
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 = 0.0499 wb/m2.

Window space factor kw = 
[image: image24.wmf]88

0.26

30300.24

kV

==

++



…………..(2.4)
Where, kV is voltage of high voltage winding.

Area of window Aw = 
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Therefore, diameter of circular section = 15.59mm = 1.6cm.

Since the flux density in the core is very low (0.05wb/m2) therefore, iron loss in the core will be very low.  The relative permeability of mumetal is very high (90,000). Therefore, magnetizing component of current in the core is very low.  The total VA assumed is just only 0.02VA therefore, due to very low value of reactive drop (Ix) in comparison to IR drop the value of 
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 will also be very low.  Therefore, from the following equations :

Loss component Ix = 
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Actual current ratio R = 
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Where 
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 are the loss component and magnetising component of current.

The ratio error = 
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will be so small that it can be neglected for all practiced purposes.

The phase angle error in the current transformer & hence between the current channel & voltage channel is an important consideration.  One possible source of external phase error are the antilias filters  on current channel 1 and channel 2.  The antilias filters are low-pass filters that are placed before the analog inputs of any ADC. They are required in order to prevent a possible distortion due to sampling called aliaing.  The AD-7751 uses two 
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-D

å

 to digitize the voltage and current signals.  These ADCs have a very high sampling rate i.e. 900kHz.  The following figure shows frequency components above half the sampling frequency (also known s the Nyquist frequency), i.e., 450 kHz core imaged or folded back down below 450 kHz.
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Figure 2.1
This will happen with all ADCs no matter what the architecture is.  In the example shown it can be seen that only frequencies near the sampling frequency, i.e. 900kHz, will move into the band of interest for metering i.e. 
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.  This fact will allow us to use a very simple low pass filter to attenuate there high frequencies (hear 900KHz) and so prevent distortion in the band of interest.

Therefore, the RC low pass filter in the current channel formed by 2.2K
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 & 10
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F capacitor will have cut off frequency at 900 kHz.

2.2.2 
Design of Voltage Sensor The output frequency or pulse rate in D7751 IC is related to the input voltage signals by the following equations.

Frequency = 
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Line voltage
= 240 V (Nominal)

Imax = 40A (Ib = 10A)

Counter = 100imp/kwh

Meter constant = 1600 imp / kwh

CT turn ratio = 1:1800

Size of burden resister = 8.2 
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100 imp/hour = 
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Meter will be calibrated at Ib(10A)

Power dissipation at Ib= 
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Frequency F1 and F2 at Ib = 
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 = 0.06666667 Hz

Voltage across CT at Ib (V1A) = 
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  =  45.5mV
At Imax = 40A, the rms voltage

V1A =
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= 257.66mV (peak)

From table 1 of the AD7751 data sheet, it can be seen that the gain of two provides the best utilization of the dynamic range (±330mv) from tables V & VI in the AD 7751 data sheet, it can be seen that the best choice of frequency for a meter with Imax = 40A is 6.8 Hz..

Therefore, from equation (2.9)
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or, 
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Therefore, in order to calibrate the meter, the line voltage needs to be attenuated down to 117.3 mV.

The line voltage attenuation is carried out by a simple resistor divider.  The attenuation network should allow a calibration range of at least ±30% to allow for CT/Burden resistance tolerances and the on-chip reference tolerance of ±8%.  In addition, the topology of the network is such that the phase matching between channel 1 i.e. current channel and channel 2 i.e. voltage channel is preserved, when the attenuation is being adjusted i.e. when the calibration of the meter is carried out by varying the resistance of the attenuation network.  In this process, -3 dB frequency of the RC low pass filter (antialising filter having cut off frequency as 900 KHz) and hence the phase response of the network on channel 2 should not vary.  As it is clear from the circuit diagram the -3 dB frequency of this network is determined by the elements connected between 820
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 resistor & 0.104
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F capacitor. in voltage channel.  Even with all the jumpers closed,   the resistance 680kv is still much greater from the resistance of the RC filter hence variation in the resistance of the resister chain will have little effect on the -3dB frequency of the network.  Starting with 150 k
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 each jumper is closed in order of ascendance. If the calibration frequency on CF i.e. 
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 imp/kwh (at Ib = 10A, CF is expected to be 1.07Hz) is exceeded when any jumper is closed, it should be opened again.
Since the AD7751 transfer function is extremely linear, a one-point calibration (at Ib) at unity power factor is all that is need to calibrate the meter.  If the correct precautions have been taken at the design stage no calibration will be necessary at low power factor.

2.2.3 Design of Power Supply  

Since the total power consumption in the voltage circuit including power supply is specified in section 4.4.1.1 of IEC 1036 (1996-9) must not increase by 2W and 10VA under nominal conditions.  However the total power consumption of AD7751 metering circuit is just only 0.085 watt, the power supply can be designed to supply 2Wat 5V.


The functional block diagram of the power supply is given below 
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Figure 2.2 functional block diagram of power supply

for single phase electronic energy meter.

Although resistor can be used in the emitter circuit of the transistor but we use capacitor in order to have more smooth d.c. voltage and to avoid sags in the voltage.  16V capacitor, just the next higher rating to 5V can be used in order to provide head room at the output of transistor.

The maximum current that may flow through the capacitor 
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So, 16V, 1000
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F capacitor can be used.

2N4123 NPN transistor is used as a current amplifier.
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Since 5V dc is required at the output of the regulator or 5.6 V at the base of the transistor so IN4744A zener diode having rating as 5.6V, 12.5mA can be used.  A capacitor filter is required at the output of the half wave rectifier circuit.  For this purpose 16V, 1000
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F capacitor can be used.

The value of the resistor for the protection of zener diode 
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Therefore, 1 
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 resistor can be used.

Maximum power dissipated in the resistor 
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Therefore, 1K
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, 
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 resistor is used.

IN 4007 is used for diode in the half wave rectifier circuit.

Since 5V unregulated d.c. is requires at the output of the rectifier, therefore, the input voltage required at the input of the rectifier.
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that means 230V ac is to be attenuated down to 11.1 volt.  For this purpose RC network can be used if resistor is used for this purpose then a resistor of rating at least 970
[image: image66.wmf]W

, 40watt is required and a lot of power will waste as heat.

Therefore, one resistor of 220
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, 2w and 220
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, 1 w and a capacitor rated as 0.47 
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F, 440V as shown in the circuit diagram can be used for this purpose.  A 1M
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 discharge resistor is connected across the capacitor in order to provide path for the current during negative half cycle.

An MOV is basically a voltage dependent resistor whose resistance decreases with increasing voltage.  Large differential signals may be generated by the inductance of the PCB traces and signal ground or even may be in the supply line.  These large signals may affect the operation of the meter.

During an over voltage event the MOV forms a low resistance shunt and thus prevents any further rise in the voltage across the circuit being protected.

2.2.4
Counter  
Two phase stepper motor counter is used in the meter for the display of the energy registers by the meter. The signal at F1 & F2 varies from 0 to 0.26 Hz.  The teeth in the gear of the stepper motor is adjusted such that it will rotate by a certain angle after every 10 impulse on F1 & F2.  Therefore, every time the stepper motor rotates, it moves the decimal digit of the counter by 10 small division or 1 big division so every time counter is incremented by 0.1 kwh.  When this decimal wheel of the counter complete one revolution It rotates the just next left wheel by one big division and hence it represents 1 kwh energy.  In this way this 6 digit decimal counter is capable of reading 1,00000 kwh energy or 100000 units of energy.
2.25
IC Description
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Figure 3 Functional block diagram of IC AD7751
The functioning of the IC can be described with the help of signal processing block diagram in figure 3.  The AD7751 is internally phase-matched over the frequency range 40 Hz to 1KHz.  
(a)
Phase Error

Correct phase matching is important in an energy metering application because any phase mismatch  between the channels will translate significant error at low power factor.  If a phase error 
[image: image72.wmf](

)

e

f

 is introduced externally to the AD7751 e.g. in the antialias filter, the error is calculates as :
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Where 
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 is the phase angle between voltage and current and 
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 is the external phase error.

(b)
Power Calculations 
Power calculation is derived from the instantaneous power signal.  The instantaneous power signal is generated by a direct multiplication of the current and voltage signals.  In order to extract the real power component, the instantaneous power signal is low-pass filtered.  This scheme correctly calculates real power for non sinusoidal current and voltage waveforms at all power factors.  All signal processing is carried out in the digital domain for superior stability over temperature and time. The low frequency output of the AD-7751 is generated by accumulating the total power information.  This low frequency inherently means of long accumulation time between output pulses.  The output frequency is therefore proportional to the average real power.  This average real power information can, in turn, be accumulated to generate real energy information. Because of its high output frequency and therefore, shorter integration time, the calibration frequency (CF) output is proportional to the instantaneous real power.  This pulse is useful for system calibration purposes that would take place under steady load condition.  

(c)
Power Factor Consideration considering  the current wave form is lagging to its voltage by 
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The 
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 component will be filtered out by the low pass filter and instantaneous real power corresponding to 
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 will appear at the output of the low pass filter and hence we get signals F1 & F2 corresponding to real energy.

(d)
Non Sinusoidal voltage & current Let the voltage and current in a circuit be given by 
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Where 
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 the corresponding phase angles 
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The instantaneous power received by the circuit is given by 
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The average power 
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Or  
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Since a harmonic real power component is generated for energy harmonic, provided that harmonic is present in both the voltage & current wave forms.
Hence 
P2
=
0


for all k

P3 
=
0


for all k

P5
=
0


for all k

Due to the high pass filter present in the current section Ide = 0

Therefore, 
P1
=
0

Therefore, the frequency F1 & F2 will be proportional to the average power of the circuit 
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 that’s why the real power calculation methods also holds true for non sinusoidal current and voltage wave forms.

2.3
Conclusion  In this chapter design of various component of single phase electronic energy meter is described and design calculation for current sensor design, voltage sensor design, power supply design, counter design and the IC description is discussed in detail and it is concluded that the existing meter gives real energy for sinusoidal as well as non sinusoidal signals at all  power factor. 
CHAPTER 3

DESIGN OF THREE PHASE ELECTRONIC ENERGY METER 
3.0 General
The design of electronic energy meter consists of the designing of various components like current sensor, voltage sensor, power supply, counter or display unit and description of IC.  This design is applicable for three phase electroic energy meter based on ADE 7752 IC.  The design calculation will be carried out for a particular rating like three phase, 50 Hz, 240V, 50A and similar procedure can be used for designing of other rating meters.  The design procedure will differ slightly if we use any other integrating circuit or processor other than ADE7752.
3.1
Design Blocks Diagram  The Design Block Diagram for designing of the electronic energy meter is shown in figure 3.1
[image: image189.wmf]
Figure 3.0 Design Blocks of three phase electronic energy meter

3.2
Design calculation : A design calculation for three phase, .50Hz, 3x 240V, 50A electronic energy meter is given below.

3.2.1
Design of current sensor (Current Transformer) : 

The function and theory of current sensor is similar to that of a single phase electronic energy meter.  The only difference is that, three similar current transformers, one on each phase are used.  Therefore, design of only one current transformer is presented here.  The value of burden register and the CT turn ratio is selected to give the proper input voltage range on each voltage channel for the AD7752 which is less than ±330 
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(a)
Design of Coil Turns 24 
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 , 1W, resister can be used as burden resister. 
The No. of turns in Primary winding is one.

Taking a current density of 2A/mm2 . 

Area of the primary conductor = 
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Since we have to insulate Primary conductor only for 240V, so a very thin coating of varnish will be sufficient and it will not much contribute in the thickness of conductor. 

No. of turns in the secondary winding = 
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 EMBED Equation.DSMT4  [image: image105.wmf]24014,14
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So, the no. of turns in the secondary winding must be at least 3394.  Hence we use a CT of 1:5000 in order to allow head room.

Taking a current density of 1.7 A/mm2 in secondary winding. 

Area of secondary winding conductor =
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Therefore, enameled copper wire of 0.089585.0mm diameter can be used for secondary winding conductor.

Check on window dimension :

Clearance between Primary & Secondary winding = 1 mm

The mean length of the core is 
= 
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Diameter of secondary conductor 
= 0.09 mm

So, No. of turns can be accommodated on the core 
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So, no. of turns per layer 
[image: image111.wmf]5000

9

593

==


Thickness of 9 conductor 
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Therefore space for Primary conductor 
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 and the diameter of the primary conductor is 5.6 mm, therefore sufficient space is available for primary conductor.

Core : Mumetal cores are commonly used when it is essential that transformers error shall be small Mumetal has the properties of high Permeability(90,000), low loss and small retentivity.

Since measuring current transformer has a flux density in the region of ankle point only (not greater than 0.1 wb/m2).  Therefore mumeal is the best choice among all the materials used for CT’s core.

The total flux in the core will depend upon the total voltage to be generated in the secondary winding and not only on the external burden.  We assure a total burden (including secondary winding and connecting leads) to be 0.02 VA.
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Flux in the core 
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Use of a flux density of 0.05 wb/m2.

Net core area 
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Assume stacking factor as 0.9

Than 
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Taking square section for the core with 7 mm side.

Gross core area provided 
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 and net core area provided 
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Flux density in core Bm 
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Window space factor kw 
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Area of window Aw 
[image: image127.wmf]pp

ss

aT

aT

kwkw

=+







………(3.3)




[image: image128.wmf]2510.00635000

0.260.26

´´

=+






[image: image129.wmf]2

96.153121.1538217.3068

mm

=+=


Therefore, diameter of circular section 
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Since the flux density in the core is very low (0.05 wb/m2) therefore iron loss in the core will be very low.  The relative permeability of mumetal is very high (90,000) therefore magnetizing component of current in the core is also very low.  The total VA assumed is just only 0.02VA therefore due to very low value of reactive drop (Ix) in comparison to IR drop.

The value of 
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will also be very low.  Therefore from the following equations Loss component of current 
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Actual current ratio 
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the ratio error 
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will be so small that it can be neglected for all practical purposes.

The phase angle error in the current transformer & hence between the current channel & voltage channel is important consideration.

One possible source of external phase error are the antialias filters are low-pass filters that are placed before the analog inputs of any ADC.  They are required in order to prevent a possible distortion due to sampling called aliasing.  The ADE 7752 uses two 
[image: image135.wmf]ADCS
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 to digitize the voltage and current signals on each phase.  These ADCs have a very high sampling rate i.e. 900 KHz.  The following figure shows low frequency components above half the sampling frequency (also known as the Nyquist frequency) i.e., 450 KHz are imaged or folded back down below 450KHz.
[image: image190.wmf]
Figure 3.1
This will happen with all ADCs no matter what the architecture is.  In the example shown it can be seen that only frequencies near the sampling frequency, i.e. 900 kHz, will move into the band of interest for metering i.e. 0kHz – 2kHz.  This fact will allow us to use very simple low pass filter to attenuate these high frequency (near 900 kHZ) and so prevent distortion in the band of interest.

Therefore the RC low pass filter in the current channel formed by 2.2 K
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 & 10
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F capacitor will have cut off frequency at 900 kHZ.

3.2.2
Design of Voltage Sensor 
The output frequency or pulse rate in ADE 7752 IC is related to the input voltage signals by the following equations

Frequency 
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Where frequency  = output frequency on 
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 = Differential rms voltage signals on voltage channels (Volts)
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 = One of five possible frequencies selected by using the logic inputs SCF, so and 
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 from table II.

Lime Voltage = 240 
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= 240 
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 = 50A

Meter constant = 100 impulse / kwh

CF = 1600 impulse / kwh

CT turn ratio = 1 : 5000

Power dissipated at 
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Frequency on F1, F2 at 
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At maximum current, the voltage signal at the current channel is 
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Therefore we use 24
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, 1W burden resistor.
From equation (3.8)
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Take 
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At the maximum current, the input signal at the current channel should be some fraction of full scale to allow heed room that why we have taken only 60% of the rated value.
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Therefore, the line voltage of 240V must be trimmed to this value.  The attenuation network is calculated to be 240V/70.625mv or an attenuation of 3390:1.

The line voltage attenuation is carried out by a simple resistor  divider.  The attenuation  network should allow a calibration range of at least ±30% to allow for CT/burden resistance tolerances and the on-chip reference tolerance of ±8%.  In addition, the topology of the network is such that the phase matching between channel 1 i.e. current channel and channel 2 i.e. voltage channel on each phase is preserved, even when the attenuation is being adjusted i.e. when the calibration of the meter is carried out by varying the resistance of the attenuation network.  In this process – 3 dB frequency of the RC low pass filter (antialising filter having cut off frequency as 900 KHz) and hence the phase response of the network on channel 2 should not vary.  As it is clear from the circuit diagram the –3dB frequency of this network is determined by the elements connected between 820
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 resistor .047 
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F capacitor in voltage channel.  Even with all the jumpers closed, the resistance 680 K
[image: image167.wmf]W

 is still much greater than the resistance of the RC filter.  Hence variation in the resistance of the resistor chain will have little effected on the –3 dB frequency of the network starting with 150 K
[image: image168.wmf]W

 each jumper is closed in order of ascendance.  If the calibration frequency on CF is exceeded when any jumper is closed, it should be opened again.

Since the ADE 7752 transfer function is extremely linear, a one-point calibration at unity power factor is all that is needed to calibrate the meter.  If the correct precautions have been taken at the design stage no calibration will be necessary at low power factor.

3.2.3.
Design of Power Supply
The IEC 61036 specification requires the meter to have a mean power consumption of 2W or 10VA for a poly phase meter.  The IS specification for the power supply is 1W per voltage channel.  Moreover, the power supply should operate with only one phase active at 70% of nominal.  The line voltage may vary from – 30% to +20% in accordance with the Indian standard.

The current drawn from the power supply at the output of the regulator with no-load is 9.75mA.  When the stepper motor engaged the current drawn increases by 15mA.  The result is approximately 25mA of current draw at 5V.  However, with LCD display the current required on load is very much less than 15 mA.

Since the actual power consumption in the meter is just only 0.125 watt which is very low in comparison to IS standard.  Therefore, power supply can be designed as per IEC 1036 specification i.e. that can supply 2W at 5V and the power supply must operate with one phase active at 70% of nominal.

The functional block diagram of the power supply is shown in figure 3.2 
[image: image191.wmf]
Figure 3.2 Functional Block Diagram of Power Supply 

for three phase electronic energy meter
Although resistor can be used in the emitter circuit of the transistor but here, capacitor is used in order to have more smooth dc voltage and minimum voltage sags at the output of the transistor.  16V capacitor just the next higher rating of 5V in order to provide head room can be used.

Maximum current that may flow through the capacitor 
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Hence, 16V, 1000 
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F capacitor can be used.

2N 4123 NPN transistor can be used as a current amplifier having 
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 on the application of KVL in the zenre diod-transistor loop, the voltage rating of zener diode comes out to be 5.6V.

Therefore, 1N4744A zener diode having rating as 5.6V, 12.5mA can be used.  The value of the current limitor resistor must be 
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Hence, 1 K
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 resistor can be used.

Max. power dissipates in resistor 
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Therefore, for this purpose 1 K
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, 
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 watt. Resister is required. 5V unregulated Dc will be needed at the output of the half wave rectifier 
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.  Therefore, filter capacitor of 16V, 1000 
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F can be used.

IN4007 is used as the rectifier diode.  Half wave rectifier is used on each phase as shown in the circuit to meet the requirement that the power supply should operate with only one phase active at 70% of nominal.

Required ac voltage at the input of the rectifier.
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on each phase.
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that means 230V ac is to be attenuated down to 11.1 Volt.  For this purpose RC network can be used if resistor is used for this purpose then a resistor of rating at least 970
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, 40W on each phase is required and a lot of power will create as heat.

Therefore, one resistor of each rating as 220
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, 2W and 220
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, 1 W rating and a capacitor rated as 0.47
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F, 440V as shown in the figure on each phase can be used for this purpose.  

An MOV is basically a voltage dependent resistor whose resistance decreases with increasing  voltage.  Large differentiate signals may be generated by the inductance of the PCB traces and signal ground or even may be in the supply line.  These large signals may effect the operation of the meter. During an over voltage event the MOV forms a low resistance shunt and thus prevents any further rise in the voltage across the circuit being protected.

3.3.4
Counter

The liquid crystal display (LCD) has the distinct advantage having a lower power requirement than the LED.  It is typically in the order of microwatts for the display, as compared to the same order of milli watts for LEDs.  It does, however, require an external or internal light source and is limited to a temperature range of about 0º to 60ºC.  Lifetime is an area of concern because LCDs can chemically degrade. 

LCDs typically have response time in the range 100 to 300 ms, while LEDs are available with response times below 100ms.  Since the colour generated by LCD units is dependent on the source of illumination, there is a greater range of colour choice.

Hence, the display unit consist of 12C509 micro controller, 24 CO2 E2 ROM and the LCD 093.

The controller receives the calibration pulse from the ADE 7752 and increment the memory content and sent the new data of memory which shows the energy in kilowatt hour to the LCD 093 and hence the energy is displayed.  This is capable of showing 1,00000 kwh or 1,00000 units of  energy.

3.2.5
IC Description :

[image: image192.wmf]
Figure 3.3 Functional Blocks of IC AD7752
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