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Abstract - This article presents the design and
implementation of an electronic load controlled of low power
(60 W), which is normally used to validate the electrical
specifications from different power supplies, evaluating the
static and dynamic response of the system under test. The
power circuit and analog control is specified. Furthermore,
the system implemented allows the generation of different load
profiles using a low cost microcontroller to generate the load
values in different time. Finally, the validation of the electronic
load controlled for a load profile is presented.
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Resumen - En este articulo se presenta el diseiio e
implementacion de una carga electrénica controlada de
baja potencia (60 W), estas son usadas normalmente para
validar las especificaciones eléctricas de diferentes fuentes de
potencia, evaluando el comportamiento estitico y dinamico
del sistema bajo prueba. Se especifica el circuito de potencia
y control anilogo. Ademas, el sistema implementado permite
la generacion de diferentes perfiles de carga usando un
microcontrolador de bajo costo para generar los diferentes
valores de carga en el tiempo. Finalmente, se presenta la
validacion de la carga electrénica controlada para un perfil de
carga.

Palabras clave - Carga electronica controlada, Perfil de
carga, MOSFET, Microcontrolador, Validacion.
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INTRODUCTION

n most researches on power sources is necessary to
Iuse a test system to evaluate the dynamic and static
performance of a particular system. Currently there are
different modules of electronic loads [1, 2], with different
operating ranges [3-5] and with a high cost, for this reason
the implementation of an electronic load controlled low-
power (60 W maximum) is proposed, which also allows
programming of different load profiles using an ATmegal6
microcontroller [6].

The electronic load controlled operation basically
consists of a MOSFET transistor in the ohmic region [7, 8],
this allows for a time varying load, which can be related as a
voltage controlled (gate-source voltage) current source (drain
current). Furthermore, an overcurrent protection circuit
adjustable is implemented by limiting the operating range of
the current load.
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Fig. 1. General system structure

Finally, validation of the electronic load controlled is
performed by applying a defined load profile to a source
of DC. The possibility offered by the system of having a
variable load [9] either linear or nonlinear in time, is one of
the most interesting aspects raised in this article.

Universidad Catdlica de Pereira



10

II. SysTEM DESCRIPTION

The general system structure of the electronic load
controlled can be seen in Fig. 1, the system basically consists
of three stages, the generation stage of the load profile, the
control stage and the power stage.

Table I
Specifications of The IRFP32N50K MOSFET.

Parameter Variable Value
Drain-Source voltage (to Vs = 0 V) Vs 500 V
Gate-Source voltage Vs +30V
Drain current I 32 A
Threshold voltage Vi 3V-5V
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Fig. 2. Power and control diagram of the electronic load controlled.

The generation stage of load profile allows to program
a sequence of load values in a controlled manner over time,
this stage consists of a ATMegal6 microcontroller and a D/A
converter which is responsible for providing the reference
signal to the controller. The control stage is responsible for
maintaining a load current controlled that depends on the
supplied reference signal, this control action is performed on
the signal voltage V ¢ of the power MOSFET.

Finally the power stage consists of the operation of
a MOSFET transistor in the ohmic region, this mode of
transistor operation allows variation of drain current (I ) as a
result of varying the voltage between gate and source (V).
In Fig. 2 shows a bit more detailed diagram of the electronic
load controlled for each of its stages, differentiating the power
and control diagram. Below it is a brief description of each
stage of the system.

A MOSFET Power stage.

For the implementation of the power circuit is used a
power MOSFET reference IRFP32NSOK (International
Rectifier) [10], N-channel enhancement-mode, its main
characteristics are summarized in TABLE I. This device
is the basis of the electronic load, due to their technical
characteristics; its operation in the ohmic region can be used
as a resistance controlled by voltage, taking into account the
equivalent circuit of the MOSFET [11].

An important parameter to consider when operating the
MOSFET in the ohmic region is the threshold voltage (V o

or V), according to data of TABLE I, it presents arange of 3V
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and 5 V, which reveals a wide range to find the potential value
of V,; in Fig. 3 the manufacturer shows the characteristics for
the different curves of the device used. Because of this wide
range to determine the threshold voltage, it is best to find this
voltage experimentally by adjusting the operating parameters

and varying the V¢ voltage until generate a drain-source

current (I,).
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Fig. 3. Typical output characteristics of the IRFP32N50K MOSFET.
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Fig. 4. PI controller diagram of the electronic load controlled.

Initially tests were performed in open loop (without
feedback of the measured current) for a behavioral response
of the device by applying a voltage between gate and source
to find experimentally the V . The value found of the
threshold voltage is V,, = 4,6 V, where it begins to circulate
the I current of approximately 20 mA.

The search of the threshold voltage allowed observing a
typical problem of instability by the open loop configuration,
since during the test showed a rise in the I current generated
by the phenomenon of self-heating due to the positive
temperature coefficient of the device. For this reason is
necessary the feedback system via a control loop as shown in
Fig. 4, the controller is designed with a PI action implemented
with operational amplifiers and the feedback system by means
of current measurement I (I ). The diagram shows that the
signal voltage V , is the sum of measured signal and an offset
voltage signal, this offset is adjusted to a value close to V,, of
the MOSFET.

B Control stage.

After performing open loop tests is defined the controller
type to be implemented with the goal of eliminating the
steady-state error and obtain a fast system response to a
change in the desired reference signal.



The proposed solution uses a PI analog structure (see
Fig. 4) to ensure a null steady-state error [12], where initially
the feedback voltage signal coming from the LEM HX-10P
current sensor and is sent to an operational amplifier (LF353)
configured in differential mode, this operation is performed
between the reference voltage V . (proportional to I ) and
the feedback voltage (proportional to 1), the difference
between these voltages generates the error signal that is
carried to the PI controller, this error signal is carried to a
variable gain amplifier greater than or equal to one to apply
the proportional action, and parallel the integral action
converging the two actions in an adder implemented with
operational amplifiers, finally making the sum of the control
action and the offset value (V).

Thereafter this control signal is carried to an operational
amplifier configured as a voltage limiter which includes an
additional protection to the electronic load, with the aim of
limiting the maximum voltage value applied to the MOSFET
in the event that the controller enters a state of instability or
present a failure.

The controller keeps track between a desired reference
voltage and the sensor voltage, the reference voltage is
adjusted in such a manner that retains the same scale of
the sensor voltage signal of 400 mV/A [13]. Finally, the
relationship between the reference voltage and output current
of the electronic load controlled as shown in equation (1) is
obtained:

Iluad = 2’5*V s (1)

re

Where:

ref: Voltage value proportional to Iref.

Moreover, the circuit overcurrent protection (see Fig. 5) is
implemented with two integrated circuits, the LM393 voltage
comparator and the LM358 operational amplifier configured
as a voltage follower, also used a 2N5064 SCR and a HG4138
relay supporting up to 15 A in their contacts. This protection
seeks to interrupt the path of the current through the MOSFET
drain terminal bringing it to zero value, allowing the positive
terminal of the source or the test circuit can be isolated from
the load.

When the measured current exceeds the reference
value, the comparator generates a voltage that enables SCR,
energizing the coil and allowing the relay activation to
produce the opening of a normally-closed (NC) contact; this
connects the positive terminal of the circuit under test and the
drain terminal of the MOSFET transistor. The opening of this
contact (NC) interrupts the power consumption doing zero the
drain - source current (I = 0 A), this condition is maintained
due to the interlocking of the SCR. Therefore, it is necessary
to unlocking the SCR to enable again the operation of the
electronic load controlled.
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C. Load profiles.

One of the most important characteristic of the electronic
load is its behavior as a voltage controlled current source,
considering this, a system which allows the programming of
different reference voltage values over time is implemented
in order to set different load profiles.

The system is implemented by means of an ATMegal6
microcontroller and a DACO0808 digital/analog converter
as shows in the Fig. 2. The reference voltage value of the
electronic load is represented in the microcontroller as a
digital data corresponding to an analog value between 0 V
and 5 V [14]. However, it should ensure a reference voltage
between 0 V and 2 V, corresponding to the maximum digital
value 0x66H.
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Fig. 5. Protection circuit of the electronic load controlled.
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Fig. 6. Hardware implementation of the electronic load controlled.

Different values of reference voltage for a defined load
profile are represented in digital data that are stored in a vector
in the main program of the microcontroller, program execution
consists basically to write the different digital values stored on
the C port of the microcontroller to a fixed sampling period.

The hardware implementation of the proposed system
shown in Fig. 6, which can identify the control stage, the
power MOSFET, the current sensor as well as the reference
voltage and test point.
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Fig. 7. Response of the electronic load controlled.
(a) To variation of Vref. (b) To a defined load profile.

III. Resurts ELEcTRONIC LOAD CONTROLLED

For the validation process partial tests are performed
for electronic load controlled using a DC power source. The
source was set at an operation voltage of 12 V, obtaining the
results shown in Fig. 7, which shows the response of the load
current between 0,0 A and 4,0 A to variations of the reference
voltage between 0,0 V and 1,6 V respectively.

TABLE II
ELECTRICAL CHARACTERISTICS OF THE ELECTRONIC LOAD
CONTROLLED.

Parameter Value
Operation voltage 12 Vipey
Output current range 01 A-50A
Maximum power 60 W
Reference voltage oOv-2V
Current sensor (hall effect) LEM HX 10-P

The static response curve of the electronic load to
variations in the reference voltage (see Fig. 7 (a)) shows a
good correlation between results obtained experimentally
and ideally expected data; one can observe a significant
offset error for low values of current that decreases as current
increases. From the results it gets a maximum error of 52%
for V.= 0,1 V and a minimum error of 1% for V_ =1,6 V.
This offset error for low current values is associated with
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the offset error of the LEM HX 10-P current sensor which
according to the manufacturer is 40 mV [13]; this offset
voltage of the sensor affects significantly the low-current
measurements.

Fig. 7 (b) shows the dynamic response of the electronic
load to a defined load profile by the reference voltage signal,
the results show a good tracking of the waveform of the
output current with respect to the reference voltage signal.
Moreover, one can see the small offset error mentioned
above along the entire curve.

Finally with all the above considerations, in TABLE II
summarizes the electrical characteristics of the electronic
load controlled.

IV. CONCLUSIONS

The electronic load controlled was implemented with
a low-cost electronics, simple in hardware and software
components, converting the system in an alternative of great
application for research purposes, allowing experiment
with pilot testing of various systems that meet the power
under which it was designed the electronic load, ensuring
the protection of the system under test and evaluate system
performance in critical operating conditions.

The electronic load controlled supports the
programming of different load profiles, i.e. which can
generate load variations over time, depending on the
required specifications. This feature allows the electronic
load is used in experimental tests to obtain the static and
dynamic response of a power system, for example in low
power systems, such as DC sources, dynamical systems,
DC-DC converters, among other applications.
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