LATEST TRENDS on SYSTEMS (Volume II)

Switching Power Supply Unit For An Autonomous Monitoring System
POSPISILIK MARTIN, ADAMEK MILAN
Department of Security Engineering
Tomas Bata University in Zlin
Nad Stranemi 4511, 760 05 Zlin
CZECH REPUBLIC
pospisilik@fai.utb.cz http://www.fai.utb.cz
Abstract: - There is a project of Autonomous monitoring system being solved at Tomas Bata University in Zlin. Within
the framework of this project a small airship driven by ultrasonic detectors is developed. This airship shall be capable
of independent operation in an enclosed hall, bearing a camera or another monitoring system. There are several
voltages needed to power the circuits of the airship. To ensure their feeding from a Li-Pol battery, a small and
lightweight power supply has been designed. In this article, aspects of designing such power supply unit are analysed.
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RC controller, it can be driven like an aeromodel. The
bladder is filled with helium and its nominal capacity is
2.7 m2. The material of the bladder is a special foil made
for airships, having a small weight per area unit in order
not to decrease the load capability of the airship.
At present, several kits are developed separately in
order to create an autonomous monitoring system which
is capable of independent operation inside an enclosed
hall, being driven by means of ultrasonic detectors and
monitoring its neighbourhoods with a webcam. In the
future, this system will be able to serve other students of
the university to treat their own projects on it. All the
circuitry must be fed from one Li-Pol accumulator
consisting of 2 rechargeable cells with nominal voltage
of 3.6 V.

1 Introduction
At first let us mention a few words about airships.
They seemed to be outdone for a long time, but new
technologies have made them suitable for several
applications at present. Apart from the classical
construction of big airships there is a group of small
ones that cannot operate at the esplanade and their
loading capacity is quite low, but they are still sufficient
for experiments. Their main physical advantage is a
capability of floating in the air with minimal power
consumption. With modern Li-Pol accumulators they
can stay in the air for several hours bearing another
electrical equipment such as some monitoring units.
The airship operating at the Faculty of Applied
Informatics is a custom-made modeller product that is
capable to bear up to 650 g of load. Equipped with an

Fig. 1, Block diagram of powering the airship from a Li-Pol accumulator
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2 Initial Demands

3 Power Supply Unit Design

The power supply must be lightweight and small. It must
be able to protect the accumulator from a deep discharge.
It must deliver sufficient current at 5 and 12 V in order
to ensure proper feeding of all components and it must
not interfere with the components. Considering these
demands a small power supply unit was designed. A
block diagram of powering the airship can be seen in
Fig. 1.
In order to lower the power dissipation, motor drivers
are connected directly to the accumulator whilst
switching voltage converters can be disconnected by
means of a safety circuit – voltage checker. The
accumulators should not be deeply discharged in order
their effective live have not been affected. The voltage
checker measures the voltage of each battery cell and is
capable of transferring the information about the voltage
to the driving unit of the airship. Moreover, if lowbattery warning is ignored for any reason, this circuit can
disconnect the voltage converters by a relay which
causes immediate suspension of the airship’s operation.
The airship will then slowly decrease its height
depending on its compensation.

The switching voltage converter is capable of delivering
voltages of 5 and 12 V at currents up to 600 mA. Its
connection can be seen in Fig. 2.

3.1 Electrical Circuit Description
The power lead from the accumulator is connected to
X1 clamps. All the converter circuits can be
disconnected by means of a K1 relay. First of all, let us
focus to the step-down converter. This converter
employs the IC1 custom-designed integrated circuit. It is
cheap and easy applicable MC34063 based on a 555
timer platform. It switches the current through L1 coil
until a maximum current of 1,25 A is reached. This is set
by a voltage drop at R1 resistor. Then the current is
switched off and the circuit of the L1 is closed by means
of D1 so the current flowing through L1 can fluently
lower. After a time period set by a C1 capacitor the cycle
repeats. If the voltage at a C2 capacitor exceeds
approximately 5.5 V, the converter is blocked and the
output voltage decreases for a while. The R4 resistor and
C3 capacitor are used instead of a filtering inductor in
order to decrease the weight of the unit. The operating

Fig. 2, Power Supply Unit Schematics
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devices of the circuit is then easy when Tab. 1 is
followed.

frequency is dependent on many factors – the input
voltage, L1 inductance and C1 capacitor. Initially it was
designed to be around 16 kHz. This is quite low in order
to decrease electromagnetic radiation.
The step-up converter also employs MC34063,
marked as C2 in the circuit. As high peak currents are
needed in order to achieve 12 V at 600 mA at the output,
it must have been reinforced with an NPN transistor T1.
When switched on, the current through the C2 inductor
increases up to approximately 3 A, which is set by the
R8 resistor. When this current is reached the T1 is
switched off and the current is the pushed through D2
diode to a C4 capacitor. The frequency of this cycle is
set by C7 to approximately 16 kHz and the circuit is
blocked when the output voltage exceeds 12.5 V. The R7
resistor and C5 capacitor are used instead of a filtering
inductor in order to decrease weight.
The third part of the unit is a voltage checker,
employing a low-voltage and low-power IC3 operational
amplifier TLC274D. This circuit is fed through an SL5
connector to which measuring lead from the accumulator
is connected. As the accumulator consists of two cells
and these must be checked separately, three conductors
are used. The amplifiers IC3D and IC3C are connected
as differential amplifiers so they measure voltages of
each cell and this voltage is then at their outputs
measurable against ground. These voltages can be then
conducted to A/D converters of the airship’s driving
CPU through SL4 connector. In order to employ the fullscale of the A/D converters the voltages are slightly
amplified by a factor of 1.25 so if the cells are fully
charged at the nominal value of 3.6 V, the output
voltages are around 4.5 V. This value can be further
scaled by a trimming resistor. The K1 relay is driven by
two comparators, IC3A and IC3B and is on when IC3B
is in a H level and IC3A is in the L level. The
comparators compare the voltage of the reference Zener
diode D5 with the voltages at the output of the
differential voltage amplifiers. If the voltage of any cell
drops under approximately 2.85 V, the relay is turned off
and the voltage converters are disconnected. The current
through the relay is quite insignificant as it is limited to
18 mA. The stability of the comparators is ensured by
setting a 10% hysteresis by means of feedback resistors.

3.2 Constructing Step-up
Converters With MC34063

and

Tab. 1, Basic design equations [1]

Where:
- ton/toff
- (ton + toff)
- toff
- ton
- CT
- Ipk(switch)
- RSC
- L(min)
- CO
- Vout
- Vin(min)
- VF
- Vsat
- Iout(max)
- Vripple(pp)

Notes:
1)
Timing capacitors C1 and C7 (setting the operating
frequency to approx. 16 kHz).
2)
Mentioned in text above.
3)
Sensing resistors R1 and R8. In order to reach more
suitable values, the voltage is gained through
voltage dividers R2/R3 and R19/R20.
4)
Inductance of accumulating coils L1 and L2.
5)
Output filter is improved with RC members.
6)
Voltage drop at fast Schottky diodes D1 and D2.
7)
Saturation voltage of internal switching structure or
additive output transistor T1, typically less than
1 V.

Step-down

The MC34063 is a customer-designed integrated circuit
intended to be used at low cost and low power switching
voltage converters. It is easy applicable and cheap which
is why it is predestined for experiments. Designing the
converter, the topology of the circuit must be known at
first (step-down, step-up, inverting). Selection of proper
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- output pulse ratio [-];
- operating cycle period [s];
- interval of being switched off [s];
- interval of being switched on [s];
- timing capacity1 [F];
- peak switching current2 [A];
- current-sense resistor value3 [Ω];
- minimal inductance4 [H];
- output filtering capacity5 [F];
- output voltage (designed) [V];
- minimal input voltage [V];
- diode forward voltage6 [V];
- transistors saturation voltage7 [V];
- maximal intended output current [A];
- output ripple peak to peak voltage [V];
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3.3 PCB Design
The PCB is designed for SMD devices considering
lowering the electromagnetic radiation. In order to reach
this, loops with pulse currents were shortened as much
as possible and the area uncovered with conductors was
filled with copper connected to GND. According to [2]
the conductor width of 0.4 mm is sufficient enough to
carry up to 1.2 A at temperature rise lower than 10 K. A
blocking capacitor C6 is employed in order to minimize
the effect of long feeding conductors to integrated
circuits IC1 and IC2. Most devices are SMDs so the
dimensions are quite small – 70.5 x 51 mm. For this
reason, the unit can be enclosed in a standardised sheetmetal covering with dimensions of 55 x 74 x 30 mm.
The PCB layout and devices displacement can be seen
in the Fig. 3, 4 and 5.

Fig. 5, SMD devices displacement (bottom)

4 Conclusion
In this article the design of a small and lightweight
switching power supply for a small airship operating as
an autonomous monitoring system is described. This unit
delivers 5 and 12 V to feed the circuits of the
autonomous monitoring system described in [3]. It
employs easy applicable integrated circuits, considering
the demand for low electromagnetic radiation.
The project of Autonomous monitoring system is
supported by Internal Grant Agency of Tomas Bata
University, IGA/45/FAI/10/D.
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Fig. 4, Conventional devices displacement
(upper side)
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