& ICEST

Serbia, Nis, June 29 - July 1, 2011

Based of AMR Sensors Device for Multichannel
Contactless Measurement of AC Current

Nikola D. Draganov*, Totka A. Draganova’

Abstract-Measurement and visualization of the AC current is
fulfilled on the base of the AMR sensor and microcontroller
PIC16F874A offered by Microchip®. Presented device has
automatic mode of work. It can be connected to PC by means of
the serial interface. Control algorithm enables collection,
treatment, preservation and visualization of the information.
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I.INTRODUCTION

There are diverse electrical quantities. One of they is an
electrical current. A lot of indirect and direct methods for its
measurement are known. Very spread is indirect contact less
method by a measurement of a magnetic field created by a
flowing through a conductor electrical current. Connected in
parallel bridge anisotropic magnetoresistors (AMR) are
widely applied to contact less measurement of an alternating
current in the modern installation. They have high sensitivity,
wide frequency band, good linear characteristics and high
reliability [6, 8].

The problem connected with collection, measurement,
treatment and indication of the information obtained by the
sensors is very pressing for engineering practice. Using
modern element base is possible to achieve good results in an
electrical current measurement.

The purpose of the present working out on a basis of AMR
and microcontroller is to create a galvanomagnetic device
which  fulfills  multichannel independent AC current
measurement. It can be a base of later investigations and
elaborations.

Il. PRESENTATION

A device for a four channel independent AC current
measurement is made. Its block schematic diagram is depicted
in Fig.l. It is composed of measuring unit (MU),
microcontroller (CPU), keyboard (KB), digital display (LCD),
memory (EEPROM), serial interface (RS232) and power
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supply (PU). A measuring block is composed of sensor units
(SU) which detect a created by a measured current lgst
magnetic field and transform it in a electrical signal again.
The SU number is defined by a microcontroller hardware. In a
case of an utilized in this elaboration microcontroller
PIC16C874A permissible SU number is five [5, 7].

Each sensor block is composed of magnetosensitive block
(AMRS) and measuring converter (MC). AMRS is created on
the basis of anisotropic magnetoresistance sensor of the type
ZMY20M fixed immediately on network measuring
conductor. By means of this sensor the created magnetic field
is transformed to a voltage proportionally to an electrical
current ltgst value [3]. A schematic circuit diagram of
galvanomagnetic device for four channel measurement of AC
current is shown in Fig. 2.

A magnetoresistance sensor ZMY20M represents four
magnetoresistors made on the base of a thin film permaloy
connected in bridge circuit together in one case. The output
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Fig.1. Block schematic diagram.

voltage of this kind sensor is proportionally to an applied
external (working) magnetic field in direction By. For the
steady sensor operation it is necessary to apply perpendicular
another magnetic field By created by a fixed in the case
constant magnet. A conversion characteristic Uo=f(B) at
Ug=const is depicted in Fig. 4 [5, 7]. The sensor unit can
transform AC current only in one range (ltest= 0+10A). With
a view to improve a conversion characteristic stability and
toincrease a voltage level on the SU output a measuring
converter (MC) is connected.

913



|

NIZL NIZY o
71 2dsdizay Emn_:om,q\ OM 1n0 2y NITY mﬁ S—o
- 7o edSd/eay 0dSd/00Y —p&—~ s{Lin0Td  1NOTL 5 L.«uo
< vasnaswoy 10SPHOS/E0Y o . - SNt nozL [— T
- 0as/508 14007208 — [} oy .
e YO/X 1190y 2d00/ISOTL/IOY ¢t _H__‘m -2 | S0
< o o < o Lanu/oY IOTL/OSOTLIOOY o _H_ =+ A= Sro
L L S vdsdiay 1NOX10/20S0 |4 =110 —4r—o
g 2 2 2 b GdSd/say NIM1D/I0SO0 _H__‘H +10 S —o
—EZ 1 odsdieqn ssp 2L 2
67 | Fai 2l
") o 1dSd/a PPA _ | zezsy
e | A INV/SO/e3Y |_|4.o__ ol
S o S ] ZePPA INV/ /M /LY
a & >/ < INlogY SN/ /03 O
—T T o] Ted SS/avy n
© R Mmooy qH——yY| ( &—> -
gy evy
k) NS
] e o T s
C ovd .— IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII a
Ty oy Mw =N ddARTON L -€NS _ _ o _________
||||||||||||||||||||||||||||||||||||||| 4
T L enSs_ _ o _________
22
ug *d NS
/ 0O
me ODD _
ko]
v r_AIIIIIIIIIIIIIIII T —
v
She _ a | P
L ']l T o0 T 6 00— 1o o— Lo _ *— —
8 - —— - —— o
6 [-2 | % % 9% ES |
DH 8- 8- &
e _ L 6 o¢L 6 oo o—el—o _ 10SUBS HINY
A i PO 22 22 22 "
g1 L _ B 5 o5 Y5 _ 1°n-
€1 8
T - ° °
St m _ L o o¢L o o¢L o ool o _ o]
9T - - - -
91 | E 55 S 5 |
N o S £y
° ° °
an _ L 6 o 4L 6 0oL 6 oL o _ P o—1]
8T - - - -
o1 18T | s 'S s 5 |
6T N\ 6a
L, - -—-——-">"-""""""""""""""""""" 1

Fig. 2. A schematic circuit diagram
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It is realized as classical DC amplifier with gain K=10. So the
output information signal maximum value is Usyomax= 2,51V
at current l1es7=10A (fig. 5).

By means of four independent SUs the galvanomagnetic
device enables contact less measurement of four independent
current signals. They can be receive as from one so from
several signal sources simultaneously without to lose their
accuracy by measurement. The received from SU signal is
changed from 0 to 2,5V and therefore a reference voltage of
the analog-to-digital converter (ADC) is chosen U= 5,1V. If
a 8 bhit discrete is used a minimal measured voltage will be
Usuomin=0,02V.
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Fig. 3. Main program algorithm

Control organization, processing and monitoring are
fulfilled by the main block realized by microcomputer
PIC16F874A (Fig. 2).

Accuracy, reliability and measurement parameters are
improved thanks to its functional possibilities at a decreased
price and dimensions of the device.

The device operates at 20MHz frequency. A
microcontroller internal memory (4kb) is enough for normal
device processing. An additional 256kb memory of type
24L.C256 is intended to buffer a large quantity of information
obtained during a measurement of slow changed signals and
later their values to send through serial interface RS232 to a
personal computer (PC).

The device is equipped with 16 button keyboard which
enables to extend its possibilities to assign an automatic or
manual channel change and a time of results indication.

By means of intelligent LCD module the measured quantity
values are indicated on 16 range display where for each
channel the indications take turns in 3 seconds [2].

When power supply is turned on the necessary hardware
resources are configured:

- Leads RAO0+RA3 and RA5 are configured as analog
inputs through them the sensor unit signal are brought in;

- The keyboard control is fulfilled by port B as their leads
(RBO+ RBY7) are configured like inputs;

- Through Port C leads RC0+RC4 a galvanomagnetic
device is connected to PC by RS232. The dispatched values
are used for a graphical visualization in different time interval
of a measured current change;

- To take out an information from a measurement on LCD
display all leads (RD0+RD7) of Port D are configured like
outputs;

- Port E is used to connect a microcontroller to an external
memory.

The measurement begins after an initialization fulfillment
according to the depicted in Fig.3 algorithms. A measuring
input is firstly chosen. Analog-to-digital converter (ADC)
treats a input signal in time of 16 seconds. The obtained in
binary code signal is sent to PC after that a measured quantity
value is transformed in decimal code, respectively in ASCII
code and is indicated on LCD screen during 3 seconds.

A measuring cycle of one channel depends on an utilized
approach of a filtration. By means of software filter it is
achieved an input analog average signal with a view to
decrease accident fluctuations influence over a measured
electrical current [2-5].

A second channel voltage measurement begins without
delay after a finish of a foregoing one. So consecutively the
four channels are read. The whole measuring cycle includes
the time from a first channel switching on to the last one
switching off together with the indication time of 14 seconds.

A measured quantity can be indicated on LCD module as
electrical current or magnetic induction unities. By means of a
microcontroller tabular transformation is formulated a linear
dependence between a magnetic field and a obtained by a
sensor output voltage.

I11. CONCLUSION

A galvanomagnetic device forfour channel independent
measurement and visualization of alternating electrical current
on the base of magnetoresistance AMR sensor of type
ZMY20M and microcontroller PIC16F874A produced
byMicrochip® (Fig. 6) has been created.

A block schematic diagram and schematic circuit diagram
have been elaborated. A main program algorithm has been
submitted.

A measurement accuracy has been increased by means of
software filter which eliminates accidental input quantity peak
alterations [2].

The device enables to measure slow alterable in time
electrical signals.

The external memory enables to keep large information.

It has been established measuring device errors because of:
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Fig.6. Model of device for four channel contact less AC current measurement.
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Fig.4. A conversion characteristic Uo=f(B) at Ug=const
of magnetoresistance sensor ZMY20M [8].
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Fig.5.A conversion characteristic Usyo=f(ltest),Ug=const and
Ucc=const of sensors units.

- an analog-to-digital transformation which is 0,5% at
maximum input ADC voltage Ujnwax = Usuo = 2,5V and a
discretization step 0,02V;

- analog block in result of temperature sensitivity of a
magnetoresistance unit;

It has been made an error reduction by means of embedded
in microcontroller program software filter and a sensor unit
temperature compensation which decreases an error caused by
surroundings temperature change.

Software provided operations have been controlled by 16
button keyboard. An interface has been realized by RS232 for
a communication with PC.

The created galvanomagnetic device for contact less AC
current measurement is widely applied as in research work so
and in industrial installations for technological processes
monitoring and control.

REFERENCES

[1] Aleksandrov, A., l. Simeonov. Galvanomagnetic device for
measuring of electric current. Journal of the Technical
University of Gabrovo, Vol. 15/2000, Gabrovo, 2000.

[2] Goranov, G., A. lliev. Using of controller with common
function in system for control of power. UNITECH 01
conference, Vol. 1, Gabrovo, 2001.

[3] Draganov, N., G. Goranov, A. Aleksandrov. Galvanomagnetic
device for contact less measuring of DC current. UNITECH-08
conference, Vol. 1, Gabrovo, 21-22 Nov. 2008, p.142-146.

[4] Draganov, N., G. Goranov, A. Aleksandrov, P. Penchev.
Galvanomagnetic device for measuring of magnetic field.
Journal of the TechnicalUniversity of Gabrovo, Vol. 37/2009,
p.70 - 73.

[5] Smrikarov, A., C. Vasilev. Microcontrollers. Ruse. Avangadr
Print House, 2000.

[6] Roumenin, C. S. Solid state magnetic sensors, Amsterdam,
Elsevier, 1994.

[7] Data sheet of PIC16F874A. www.microchip.com , April 2010.

[8] Data sheet of ZMY20M. www.zetex.com , April 2010.

916



