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Introduction
The requirement of the load power measurements is routine in 

the electrical engineering labs and installations. There are equipments 
available that can be used to measurement these quantities. Accurate 
measurement of power and other AC quantities is extremely important 
at all levels of the electrical power system, and is of value for both for 
power distributors and power consumers. 

The objective of this paper is to design and fabricated power 
measurement system of an electrical load. The loads considered in the 
present study are resistive load (bulb) and inductive load (single phase 
induction motor, 220 V, 1 HP). The AD633 is a low cost multiplier 
comprising of a trans linear core, a buried Zener reference, and a unity 
gain connected output amplifier with an accessible summing node. 
AD633 is a complete four-quadrant multiplier offered in low cost 
8-lead SOIC and PDIP packages. The result is a product that is cost
effective and easy to apply. No external components or expensive user
calibration are required to apply this IC. Monolithic construction and
laser calibration make the device stable and reliable. High (10 MΩ)
input resistances make signal source loading negligible. Power supply
voltages can range from ±8 V to ±18 V. The internal scaling voltage
is generated by a stable Zener diode; which gives multiplier accuracy
supply insensitive [1-3].

Analog Multiplier Based Single Phase Power 
Measurement System Block Diagram and Schematic 
Diagram 

This paper presents a power measurement technique of an 
electrical load. The proposed method is a low cost power measurement 
technique. The load taken into consideration is resistive load (such as 
bulb) and inductive load (like single phase induction motor, 220 V, 
1 hp). This method employs analogue circuit (AD633 IC) which does 
the analog multiplication of the two signals: one signal transducted via 
current transformer and the other one transducted through the voltage 
transformer. The AD633 finds various applications, such as power 
measurement, modulation and demodulation, automatic gain control, 

voltage-controlled amplifiers, and frequency doublers. In present 
application AD 633 is used for power measurement. The multiplication 
of signals corresponding current and voltage of the load results in the 
pulsating power at the double of the supply frequency. The higher 
frequency output of AD 633 is attenuated by filtering it through a low 
pass filer of appropriate cut-off frequency (90 Hz). The DC average 
component of the multiplier output obtained at the output of the active 
RC low- pass filter is proportional to the average load power consumed. 

CT: Current Transformer

VT: Voltage Transformer

I-V CONVERTOR: Current to Voltage Convertor

PS: hase Shifter

AM: Analog Multiplier

LPF: Low Pass Filter

CRO: Cathode Ray Oscilloscope

The block diagram of the single phase power measurement circuit
is depicted in the Figure 1. The CT and the VT employed for bringing 
the levels of the current and voltage signals to the accepted range of the 
AD 633. The acceptable maximum input supply voltages of analogue 
multiplier AD 633 IC is ±18 volts. The current transformer and potential 
transformer are so chosen that the maximum input to AD 633 IC is 
<18 volts. Y1 Y2 is the voltage signal from the VT. A resistor of 10 kΩ 
with power rating of 10 W is connected at the output of CT (Figure 2) 
which is then fed to terminals of multiplier. Analog multiplier AD633 
multiplies these signals and produces output voltage proportional to 
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phase shifter the phase difference between the signals is made zero 
Figures 3and 4.

Subsequently, this set up is used for measurement of inductive load 
and following parameter are recorded as given below in Table 2.

Curve fitting with mathlab

Curve fitting is a useful exercise for representing a data set in a 
linear or polynomial term. We are performing curve fitting to establish 
relation between the output of filter and load. There are two such 
function available in MATLAB which can be used for this purpose 
Polyfit (Polynomial curve fitting) and Polyval (Polynomial evaluation). 
The Polyfit (input data, output data and order) is a function that 
approximates the inputs/outputs data sets in terms of polynomial of 
chosen order in the sense of minimum mean square error. “Polyval” 
evaluates a polynomial for a given set of x values. So, polyval actually 
generates a curve to fit the data based on the coefficients found using 
polyfit. 

Here x are the different load values and y is their corresponding 
output at low pass filter. 

The blue line is original plot and the green line is the polyfit plot

The equation of a line is y=mx + c

V0=αW+ C

α=0.0094 and c=- 0.4034 

the input quantities which in turn is fed to active RC low pass filter 
to suppress pulsating component. The output voltage Vo of the low 
pass filter is proportional to the average load power consumed and 
displayed through cathode ray oscilloscope [4-6]. 

Experimental Results
First Case- Power measurement of resistive load

The schematic diagram with the components ratings and electrical 
connection is depicted in the Figure 2. This diagram is drawn using the 
or CAD (Table 1).

R1=0.18K, R2=0.18K and C1=10 µF

Second case-Power measurement of inductive load using 
phase shifter

In power measurement, it is necessary that the phase of secondary 
winding current shall be displaced by exactly 1800 from that of the 
primary winding current. It is seen that the phase difference is different 
from 1800 by an angle β (phase error). Thus in power measurement, 
owing to use of CT, secondary winding current not being 1800 
out of phase with the primary winding current. Thus, the angle β is 
compensated to make current out of phase by using a variable phase 
shifter prior to AD633 IC. A resistor of 10 kΩ is connected to convert 
current into voltage at the output of CT. With the help of a CRO the 
voltage signal across the secondary of the VT and across the secondary 
of the CT are compared. By changing the potentiometric probe of the 

 
 Figure 1: Block diagram of the proposed single phase power measurement system.

Figure 2: Schematic diagram for the proposed single power measurement system.
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Resistive load (W) CT Output voltage, Vx PT Output voltage, Vy Output of AD633 at pin 7 Output of low pass filter, Vo 
(DC)

200 W 1.9 V 12 V 2.3 V 1.5 V
300 W 3.17 V 12 V 3.8 V 2.5 V
400 W 4.10 V 12 V 4.9 V 3.3 V
460 W 4.84 V 12 V 5.8 V 3.8 V
500 W 5.38 V 12 V 6.5 V 4.3 V
560 W 6.14 V 12 V 7.4 V 4.9 V
600 W 6.41 V 12 V 7.5 V 5.2 V
625 W 6.96 V 12 V 8.5 V 5.6 V
660 W 7.25 V 12 V 8.5 V 5.8 V

Table 1: First case- power measurement of resistive load.

Inductive load (W) CT Output voltage, Vx PT Output voltage, Vy Output of AD633 at pin 7 Output of low pass filter,Vo 
(DC)

150.0 W 7.20 V 12 V 8.6 V 5.6 V
297.8 W 7.45 V 12 V 9 V 6 V
444.0 W 8.20 V 12 V 10 V 6.4 V
587.5 W 8.62 V 12 V 10.6 V 6.8 V
678.0 W 9.16 V 12 V 11 V 7.2 V
744.5 W 10.10 V 12 V 12.2 V 7.6 V

Table 2: Second case-Power measurement of inductive load using phase shifter.

 

Figure 3: Polyfit for resistive load.
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Figure 4: Analog circuit implemented for power measurement of inductive load using a phase shifter.
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Figure 5: Polyfit for inductive load using phase shifter.

0094.0
4034.00 +=

VW

W=106.38V0 + 42.914

By putting the value of V0 the value of W (Load power) can be 
known. 

The blue line is original plot and the green line is the polyfit plot. 

V0=αW+ C

α=0.032 and c=5.0407

W=31.5V0–157.52

Thus for the inductive load we obtain the relationship between 
load and output of filter which can be used to compute the wattage. 
Still it seems that there is some nonlinearity. It may be due to indirect 
measurement of power consumed by load, instead it should have been 
using the wattmeter Figure 5. 

Conclusion and Future Scope
In this project, it has been established the relationship of dc resistive 

load and ac inductive load through a linear approximation. However, 
the setup is not tested for capacitive load. The linearity as seen from 
the plot in the range of interest shows that set up can be employed for 
power measurement. Further same set up can be use in conjunction 
with the DSP or Microcontroller and can be used for other supply 
parameter estimation specially the supply frequency, energy consumed 
and power factor that too using a single measurement, that may be the 
part of future work and scope.
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