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Abstract: The present work describes a monitoring system of a bank of supercapacitors (SCB) based on the use of CAN
BUS protocol as the data transmission mode. A boost converter with 12.5 V at its output is included to stabilize the voltage in
the supercapacitors. This paper provide a basis for the design of a diagnostic systems which aim to monitor the storage, to
extend the supercapacitors life cycle and to detect the voltage variations outside the range of operation that could damage the
bank. A circuit is implemented in a way that it allows to balance the voltages of the SCB and to avoid a variation of voltage
that could cause the destruction of the components. The monitoring system will receive the voltage data of the SCB by means
of the CAN bus protocol and show these voltages through a graphical interface in an intelligent screen, the monitoring will
allow to detect an over voltage and thus avoid premature damage in these elements.
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1. Introduction

Currently, the use of monitoring and diagnostic systems
for different applications has been important because they
provide the user with an interface to visualize the operation
and to detect possible errors. The essential point for these
systems is to show the results in a simple way. Thus, it is
important to consider the qualities of them elements as the
DC-DC converters that allow from a constant DC source to
control the DC voltage at the output of the converter. These
converters have multiple applications: power sources in
computers, distributed power systems, power systems in
electric vehicles, etc., [1] — [28].

There are multiple applications of supercapacitors (SC) in
the aerospace, automotive industry, traction systems, etc. Then,
it is important to consider that the voltage in a serial to parallel
connection of these devices will not be equally distributed and
can lead to an asymmetric voltage between them. To avoid this
problem, different topologies of voltage balance circuits
connected to the SC network are implemented to allow their

correct distribution of voltage in each supercapacitor.

The Controller Area Network protocol (CAN, also known
as CAN bus) is a serial communication protocol with a bus
topology designed to exchange information between multiple
electronic control units within a distributed system. The main
advantages of this protocol are, the robustness to
electromagnetic interference, real time information exchange,
transmission of up to 8 bytes per frame, bus topology that
considerably reduces wiring, etc. The characteristics of the
CAN bus have placed it as a protocol of the automotive and
the automation industry.

2. System Diagram Block

Figure 1 shows the block diagram of the monitoring
system integrated by a boost DC-DC converter that provides
the voltage to feed the SCB, a voltage balancing circuit for
the SCB and a CAN network consisting of two nodes. CAN 1
acquires the voltages from the balance circuit and DC-DC
converter to send them to CAN 2 node. Then, CAN 2 node
sends the data by serial communication to the smart screen.
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Figure 1. Block diagram of SCB monitoring system.

2.1. Dc-Dc Converter

To feed the SCB, it is required a constant power supply of
12.5V, because of this set is integrated by 5 SC working at a
nominal voltage of 2.5V. Therefore, the system require the
design of a Boost converter or elevator that will be a source
of constant voltage able to power the SCB. This type of
converter is a feasible way of increasing the output voltage,
thanks to its high efficiency it is possible to provide the
voltage required by the SCB. The design of this converter
was made from the basic topology for CD—-CD type boost
converters. Figure 2 shows the boost converter. The design
consists of a DC-DC converter that has a 9V voltage input
and a 12.5V output.
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Figure 2. Boost converter.

The current in the coil must be permanent and the ripple of
the voltage in the coil must be less than 1%. An 8Q resistive
load is used to obtain a current capable of loading the
supercapacitor bank. The duty cycle "D" is determined by the
equation (1), which is defined in terms of the Vs (source
voltage) and Vo (output voltage)

Vs 9
D = - % = E = 28 (1)

A 25kHz working frequency is selected to switch on/off
the switching device in a way that the coil operates at a
higher range than that perceived by the human ear. The
minimum inductance for permanent current is determined by
equation (2)

D(1-D)?R  .28(1-.28)28
Lipin = =
2f 50000

= 23.22uH ©)

To ensure that the system is working at permanent current,
the coil value is increased by 25%, therefore the coil value is
L=28.75 uH.

Now it is calculated the maximum and minimum coil
currents

Vs 9

I = A-D)1-D)R _ (1-28)%8 2.174 ©)

By _ VsDT _ ©)(:28) = 1.884 4)
2 2L 2(28.75x1076)(25000) ’

Imax = I, + " = 4174 (5)

Loin =1, — 2L = 414 (©6)
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Finally, the ripple of the output voltage is obtained using
the equation (7).

_ D _ 28
T RF(AVo/V,)  8(25000)(0.01)

=150uf (7
2.2. Supercapacitors Bank

The simplest model for a supercapacitor incorporates the
equivalent circuit of the Figure 3. The equivalent series
resistance (ESR) represents the conduction losses. Since the
activated carbon sheets have a very high conductivity, this
series resistance is very small in a range of 1-10m<Q. The
parallel equivalent resistance (EPR) represents leakage
current losses in a range of 1-10 mA, whereby the equivalent
resistance value is on the order of 100kQ, [13] — [16], [19],
[20], [24] - [28].
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Figure 3. Supercapacitor Equivalent Circuit.

A supercapacitor can be considered as an RC circuit, so
the charge or discharge cycle is similar to that of a
conventional capacitor. Therefore, the load to constant
voltage corresponds to the following expression

v(t) =V, (1 - e_%) ®)
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where 7 is the characteristic time constant, given by
T = RgspC ©))

7 has a typical time constant value of about one second. A
time constant reflects the required time to charge a capacitor
at 63.2% full load or discharge at 36.8% of full load.

2.3. Voltages Balancing Circuit

Because the SC have a huge molecular surface which
achieves their high capacities, the distance between anode
and cathode is infinitesimal and therefore the internal
voltages which can handle without insulation problems are

small. This generates the reduction of the nominal and
maximum voltages of each element, which are between 2.3V
and 2.7V commonly. Considering these limitations, it is
necessary to connect several SCs in a serial configuration to
increase the operating voltage, however the voltage over a
serial connection will not be equally distributed between the
different SCs. If this effect is not compensated, a local
overvoltage can appear in more than one supercapacitor. The
balancing circuit shown in Figure 4 is considered as the
active type and includes the use of a voltage divider, an
operational amplifier, a negative feedback resistor and
transistors, [1], [2], [4], [5], [18], [23].
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Figure 4. Schematic diagram of active swing circuit.
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The balancing topology is applied to balance the voltage of
5 supercapacitors set of 3000F connected in series. The two
transistors connected to the output of each amplifier npn and
pnp provide a gain stage that is used to reduce the time in
which the voltages are balanced in each connected
supercapacitor, mainly for supercapacitors with capacities of
50F to 3000F. The gain stage is configured to provide a
current of 300mA at the output of each amplifier. The
resistors in the voltage divider are equal to equally divide the
load voltage across the SC, in this case 100K, the feedback
resistance is about half the dividing resistors (500KQ) in
such a way that this Resistance can cancel a polarized current
input supplied to the operational amplifier, the current
limiting resistance is 5.6Q2. An advantage provided by this
balancing circuit is that it allows a cascade connection to be
able to balance the voltage of a considerable number of SC
connected in series. Table 1 shows the initial voltage at

which the SC are charged and the capacitance of each, [3].

Table 1. Initial voltage for each supercapacitor.

Nr. Supercapacitor Initial Voltage Capacitance
C1(Supercapacitor 1) .006 V 3000 F
C2(Supercapacitor 2) .0051V 3000 F
C3(Supercapacitor 3) .0095 V 3000 F
C4(Supercapacitor 4) .0062 V 3000 F
C5(Supercapacitor 5) .0072 V 3000 F

2.4. CAN Bus Network

The nodes of the CAN bus network are integrated in the
dsPIC30F4013. The CAN architecture contained in the PIC
is able to communicate with other devices and the transceiver
MCP2551. This module converts the voltage levels delivered
by the dsPIC to the voltage levels required by the CAN bus
network. Figure 5 shows the CAN network used [6] — [10].

Figure 5. CAN network topology.
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Figure 6. Experimental platform and rolling results.



Journal of Electrical and Electronic Engineering 2017; 5(4): 123-129 127

Can Communication Matrix

The design of the communication matrix for the CAN bus network is a requirement of the system. This matrix specifies the
messages that will be transmitted through the bus. ID and DLC and signals carry the frames. Table 2 shows the information
required in the matrix.

Table 2. CAN communication matrix.

ID TX RX DLC SIGNAL INITIAL BIT SIGNAL BITS  MIN VALUE MAX VALUE INTERPRETATION
069 CANI1 CAN2 8 voltage 0 63 0 255 Voltage digital value
073 CANI1 CAN2 4 voltage 0 15 0 255 Voltage digital value

2.5 V in an interval time of 70 minutes.
3. Results Using an oscilloscope it was verified that the CAN frames
were transmitted according to the communication matrix, the
Figure 6 shows the results obtained during the SCB  CAN frames and their decoding are shown in Figure 7. We can
loading. The voltage in each SC remained balanced from the  observe that both the ID, DLC and information are correct.
beginning of charging stage until the maximum voltage of  This can proved after the decoding process in the oscilloscope.

Agilent

Adquisicion

AV IIR DRI DR ) DR R PN

»

L RLLL DI L LI L LR L LI L I AR

Acoplamiento Rechazo de ruido Rechazo AF © HRetraso Externa
705 68ms ~5-

Agilent

Adquisicion
} FImh

m MR IIN ) PR R 'ﬂm

M INIIEN | NIE N

Acoplamiento Rechazo da ruido Rechazo AF Externa
or 705 68m: -

Figure 7. CAN frames and decoding.
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The experimental platform and the voltages of each SC can be seen in Figure 8.

Supercapacitors

Bank

Figure 8. Experimental platform and results on the screen.

4. Conclusions

During the performed tests the system showed the
expected operation. The power supplied by the DC/DC
converter and the current needed to charge the SCB, did
possible the transmission of the data through the CAN
network as well as the interconnection with the graphical
interface. The monitoring of the voltages of the SCB and
DC/DC converter was correctly displayed on the screen,
showing the ability of the CAN network to transmit large
amounts of data without loss of them.

This work showed improvements by displaying other
variables on the screen as current and displays an alert warning
when there is an over voltage in some SC or some problem in
the DC/DC converter. The developed system can also be
extended to monitor a greater amount of SC depending on the
required application through the same topology.
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