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NUMERICAL MODEL AND EXPERIMENTAL
TESTS FOR DC TO DC BOOST CONVERTER
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Abstract: This chapter presents a simulation model and experimental tests for a DC to
DC boost converter. The simulation model was accomplished in MULTISIM 12, the
PCB was designed using OrCAD Layout and data acquisition for experimental tests
was performed using LabView. The experimental model amplifies the 24 VDC input to
48 VDC output, with a maximum power of 500 W. This converter can be used both in
laboratory, for didactical and research purposes, but also, with adaptations and
improvements in the aero-spatial domain, on satellites, especially. In these cases it is
integrated in energetic systems by the side of fuel cells, hydrogen and oxygen
regeneration systems or photovoltaic cells. The implemented control is a P.I. one, with
discrete components, so the scheme is useful in didactical purposes at laboratory
sessions. The command is a classic PWM with a switching frequency of 10 kHz. The
converter is provided with over-voltage and over-current protection and contains also
measurement schemes for the input and output voltages and currents. These signals
are acquired with a data acquisition card and processed in LabView and MATLAB.
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1. Introduction
DC to DC power converters serve to transform the input electrical energy with
some parameters in output energy with different parameters. The input voltage for DC
to DC converters is not stabilized but the output voltage is stabilized due to the control
system of the converter. These converters are known as “choppers” in literature, circuit
elements having a small dissipated power (Rashid M, 2003), (Chellappan M.V , 2008),
(Marsala G, 2008), (Fadali H, 2008), (Misoc F, 2007), (Biswal M et al., 2012), (Sathya
P et al., 2013), (Kabalo M et al., 2012), (Sangswang A et al., 2004), (Johansson B.,
2004).
The boost converter circuit is presented in figure 1. The main components are: the
switch (a MOSFET), a diode, one coil and one capacitor. Its functioning is coordinated
by a PWM controller. The scheme designed in this paper contains auxiliary protection
and signal conditioning blocks. The latter serve to acquire the internal parameters of
the converter, useful in didactical and research process. These converters are widely
used in aeronautic and spatial domain, an important application being on MEA (More
Electrical Aircraft).
In (Sathya P et. al., 2013) one study a boost converter for photovoltaic systems,
which amplifies the input 12 V voltage to 24 V output voltage, using a switching
frequency of 219 kHz. Are presented the theoretical model, the MULTISIM model and
the experimental converter. It is used a simple command scheme using a differential
amplifier which command a 555 oscillator. The switching element is a MOSFET. In
(Sangswang A et al., 2004) is presented a study concerning the noise generated by a
boost converter, also with MOSFET, but commanded by specialized integrated
circuits. There are shown stochastic models and experimental results for the boost
converter. In (Bizon N et al., 2006) research the stability of a boost converter provided
with a non-linear fuzzy controller. The converter is also with MOSFET, with a
maximum power of 900 W. Another solution for the boost converter is proposed in
(Kabalo M et al., 2012). It uses interleaved phases control in order to reduce the input
current ripples. In this case the switches are IGBTs and is designed to work with fuel
cell stacks which can’t sustain high amplitude and high frequency ripples. A high
power (10 kW) boost converter is presented in (Liu J., et al., 2010). There is used again
the interleaved phases technique. The switch is a SiC MOSFET. A small power boost
converter is designed in (Hemachander P et al., 2011). The converter is coordinated by
a microcontroller, which simplify the entire scheme and the switch in a MOSFET.
There are presented numerical simulations and experimental results. A buck converter
is developed in (Johansson B. 2004). There are used also MOSFET switches, the
conversion is realized between 24 V and 12 V and the loads are between 2 and 6 Ω. A
buck converter used to emulate the functioning of a fuel cell is studied and realized in
(Marsala G, 2008). Are used IGBT switches and the command and control are
implemented with a microcontroller, so the output characteristics emulate as well as
possible the fuel cell characteristics. The output power is about 600 W.
In this chapter is realized a boost converter with MOSFET switches, the switching
frequency is 10 kHz, input voltage is 24 VDC and the output voltage is 48 VDC. One
follows to obtain a maximum power about 500 W. There are presented theoretical
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aspects, converter model in MULTISIM 12, the implementation of the converter and
also the numerical and experimental results. The classical scheme of the boost
converter is shown in figure 1 (Priambodo P., et al., 2013), (Dinca L., et al., 2013).

Fig. 1. Principle scheme of the boost converter
The converter circuit is used in two modes, which depends on the energy storage
capacities and the relative length of commutation period. These modes are known in
literature as CCM (Continuous Conduction Mode) and DCM (Discontinuous
Conduction Mode). The CCM is the efficient conversion mode and the DCM is the low
conversion mode.
CCM mode
Case 1 ( 0  t  ton ) starts when the switch passes to “ON” at t=0 and ends when
the switch pass to “OFF” at t=ton. The equivalent circuit for this mode is described by
figure 2b. Supposing the internal resistance of the source is small and the coil current
positive and increases linearly, the coil voltage is equal with the input voltage.
Case 2 ( ton  t  Ts ) starts when the switch passes to “OFF” and ends when it passes
again to “ON” at t  Ts . The equivalent circuit in described by figure 2c. The coil voltage
in this case is the difference between the output and the input voltages. In this case
Vin  Vout. The steady state is characterized by the signal determined by these periodical
commutations, at constant input voltage and constant output load.
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Fig. 2. CCM mode. a – waveforms; b – switch “ON”, c – switch “OFF” (Priambodo
P., et al., 2013)
In stationary regime, because there are no energy accumulations in the circuit, the
integral of the coil voltage VL over one period Ts  ton  toff is null. So, the total weighted
sum of the coil voltages when the switch is “ON” and the switch is “OFF” has to be
zero (Priambodo P., et al., 2013), (Rashid M, 2003), (Sangswang A et al., 2004),
Vin ton  (Vin  Vout )toff  0

(1)

where Vin - is the input voltage, Vout - medium output voltage, and ton , toff and Ts are
presented in figure 2.
From (1) results
Vout Ts
1


Vin toff 1  D

(2)

where D is the duty cycle.
The duty cycle is between 0 and 1 and one observe the output voltage is higher
the input voltage. Relation (2) represents the control characteristic of the boost
converter.
Considering the boost converter as ideal, Pin  Pout , so
Vin I in  VoutI out ,

(3)
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And one obtain
I out Vin

 1  D,
I in V out

(4)

Where I out is the output average current and I in is the average input current.
When the switch is “ON”, the coil voltage is equal with the input voltage, so
(Priambodo P., et al., 2013)
VL  Vin ; L

diL
 Vin ,
dt

(5)
or
diL Vin

dt
L

(6)

V
diL iL
i
di

 L  L  in .
dt
t D  T
dt
L

(7)

and from this

obtaining in the final
iL( S close) 

Vin DT
L

(8)

When the switch is “OFF”
VL  Vin  Vout; L

or

diL
 Vin  Vout
dt

diL Vin  Vout

dt
L
V  Vout
diL iL
iL
di


 L  in
dt
t (1  D)T
dt
L

and one obtain
iL( S open) 

(Vin  Vout )(1  D)T
L

(9)
(10)
(11)

(12)

DCM mode
In this mode the coil current drops to zero before a switching period
accomplishes, like in figure 3. Like in CCM mode, the integral of the coil voltage over
one switching period is zero, so the weighted sum (Priambodo P., et al., 2013)
Vin DTs  (Vin  Vout ) D1Ts  0.

(13)
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So

I
D1
Vout D1  D

and out 
Vin
D1
I in
D1  D

(14)

Figure 3 describes the equivalent circuit in DCM and comprises the following
cases: case 1 ( 0  t  ton ), figure 3b, case 2 ( ton  t  ( D  D1 )Ts ), figure 3c, and case 3 (
( D  D1)Ts  t  Ts ), figure 3d.
The average input current is equal with the coil current
I in 

Vin
DTS ( D  D1 )
2L

(15)

Replacing (13) in (15) results
I out 

VinTS
DD1
2L

(16)

Using (14) and (16) results the duty cycle
D

4Vout
27Vin

 Vout  I out

 1
 Vin
 I out,avg,max

(17)

where I out,avg, max , is the maximum averaged value of the output current found from
I out,avg 

VoutTS
D(1  D) 2
2L

Fig. 3. Equivalent circuit for the DCM mode (Priambodo P., et al., 2013)

(18)
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The maximum average value of the input current is reached when D=1/3

I out,avg,max 

2 TSVout

27
L

(19)

The critical inductance Lbc , is defined as the inductance at the boundary between
the two modes and may be deduced as (Priambodo P., et al., 2013)

Lbc 

Rload D(1  D) 2
2 Fs

(20)

Where Rload is the load resistance and FS is the switching frequency.
2. The converter scheme in MULTISIM
Converter scheme implemented in MULTISIM is presented in figure 4. Converter
basic elements are the coil L1, capacitor C1, diode D3, MOSFET transistors Q4 and
Q6 and the loads Rload1 - Rload4. These elements form the force circuit of the
converter. One used two transistors in parallel with balancing resistors R1 and R5 in
order to increase the output power. With switches S1 – S4 one can commute the loads
Rload1 - Rload4 for testing the converter at load step variations. Loads obtained by
operating the switches S1 – S4 are 35Ω, 27Ω, 20Ω and 15Ω. Component values are
shown on the scheme. MOSFET command is realized by a command circuit with
discrete components.
Command circuit contains two 555s and a comparator LM311. The first 555,
A1, generates 10 kHz pulses. Because MULTISIM works badly at very small duty
cycles of the 555, one used the configuration for high duty cycles (about 85%) and
after that the transistor Q3 in inverting configuration. The second 555, A2, is used as
linear variable voltage generator (LVV). Its output signal is not a pure linear variable
voltage, but an exponential curve, specific to the loading process of a capacitor; with
a corresponding adjustment is good enough to generate the PWM pulses for
MOSFETs.
PWM pulses are generated by LM311 comparator. It compares the LVV with the
voltage obtained from the P.I. (proportional-integrator) controller. The error signal is
obtained by a differential amplifier with the operational U2, 741 type. It makes the
difference between the reference given by the divider R24 and R25 and the voltage
from the divider R22 and R23 which is proportional with the output voltage. This
difference is applied to the P.I. controller implemented with the operational U3.
(Multisim & Electronics 2001), (National Instrumenrs Co. LabView).
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3. Experimental development of the converter
In figure 5 is the command circuit and in figure 6 is presented the force circuit of
the prototype both in OrCAD. For reasons of PCB optimization, the force and the
command circuits were placed on separate boards ( Orcad Software, 2005) .
In order to minimize the coils magnetic field influence upon the force transistors
and other active components, they were placed separately on a third board and shielded.
In the force circuit, the balancing resistances were increased to 0.7 Ω to limit the start
current peaks. Using this value of 0.7 Ω in numerical simulations led to a poor
numerical stability.
Resistances used as current transducers had a nominal value of 0.1 Ω but their
measured values are shown on the scheme. Signals necessary to the command circuit
are sent in the outlet J8 and the command signals for the transistors are received in inlet
J6.
In figure 5 is the command circuit. It is fed indirectly from the force circuit at a
voltage of 24 V DC, by the outlet J9. Because the circuits 555 needs a maximum
voltage of 15 V one realized a stabilizer with LM317 which drops the voltage from 24
V to 15 V stabilized and after that a second stage, also with LM317 which ensures a
median voltage of 7.5 V necessary to the operational circuits of the P.I. controller and
conditioning signals blocks. Pulses generator, inverting transistor and LVV generator
are realized as it is shown in figure 4. Differential amplifier, P.I. controller and
comparator are as shown in figure 4.
Figure 5 contains a protection block which was not implemented in MULTISIM.
It contains two comparators, COMP2 and COMP3, which compare the corresponding
signals from output voltage and output current with reference values prescribed from
trimmers RV9 and RV10. Comparators output are “OR”-ed with a diodes circuit.
Further, the protection block is similar to the one shown in (Dinca L et al., 2013).
“OR”s output feeds the inputs R1 and S2 of the CD4043; the Q1 output lights a green
LED which signals a normal functioning and further feeds one of the inputs of an
“AND” gate from CD 4081. By this way, the pulses from the comparator COMP1 goes
further to the MOSFETs command. Output Q1 also opens the protection MOSFET M3.
When an abnormal condition appears, the “OR”s output resets the Q1 output, stops the
command pulses to the M1 and M2 MOSFETs and blocks the protection transistor M3.
The green LED is turned off. In the same time, the Q2 output is set and lights the red
LED and opens the transistor T4. The latter discharge the capacitor C1 from the force
circuit, removing a possible overvoltage condition. An over-current condition has to
be removed by the operator verifying the output load. The entire converter reset is
reached with the SWITCH 4. It sets the Q1 flip flop and resets Q2. If the over-current
or overvoltage conditions hold, the flip flops will switch again and turn off the
converter.
For the MOSFETs M1 and M2 command one used the transistor T3 in repeater
configuration with a divider in emitter. By this way, the output pulses from the CD4081
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“AND” gate, with an amplitude of 15 V, are dropped to 5 V and then sent to M1 and
M2 gates. One observed a direct command of M1 and M2 from CD 4081 distort the
pulses due to the MOSFETs internal capacities.
For the input current measurement one used a differential amplifier AO3 which
amplifies the voltage from the R1 resistor in the force circuit. In order to fit the signal
in the measurement domain one made an offset of the AO3 output with the AO4 adder.
Figures 7a, 7b and 7c presents the coils board, force circuit board and command
board respectively. In figure 7d is shown the entire experimental system.

Fig. 4. Converter scheme in MULTISIM
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Fig. 5. Command circuit scheme
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b.
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d.
Fig. 7. Experimental system. a – coils board, b – force circuit board, c – command
circuit board, d – overall system

4. Data acquisition in Labview
In figure 8 is presented the command panel for the scheme in LabView.

Fig. 8. Command panel
Acquisition scheme has the possibility cu acquire, visualize and record the
following parameters: input voltage, input current, output voltage, output current and
the command voltage applied on the MOSFETs gates. Moreover, it has the possibility
to switch the loads, either in manual mode, either in automat mode. The loads switching
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is made by some relays, commanded by the digital outputs of the data acquisition
board. This scheme is an adaptation after the scheme presented in (Corcau et al., 2013).
The control scheme has three main sections: one for data acquisition and recording, the
second for the manual switching of the loads and the third for the automat switching of
the loads. In automat mode one can specify a sequence of eight steps in the table from
the command panel.
Data acquisition card is a NI 6251 USB with a maximum sampling frequency of
1.2 Msample/s. One used a frequency of 350 Ksample/s/channel.
5. Numerical and experimental results
Using the simulation scheme in figure 4 one obtained the following variations of
the converter parameters. Simulations were performed for two cases: load 35 Ω and 15
Ω. Figures 9a, 9b, 9c, 9d and 9e show the time variations, in the case of 35 Ω load, for
the following parameters: output voltage (fig. 9a), detail on output voltage (fig. 9b),
input and output currents (fig. 9c), MOSFETs currents (fig. 9d) and the control system
characteristic voltages (fig. 9e). For the currents visualization one presented the
variation of the corresponding voltage on a resistor used as current transducer: for the
input current the resistor is R4=0.5 Ω, for the output current the resistor is R7=0.17 Ω,
and for the MOSFETs currents the resistors are R1=R5=0.1 Ω. Figures 10a, 10b, 10c,
10d and 10e show the same parameters for 15 Ω load.
Fig. 9a shows the output voltage variation from the converter start till a stationary
regime. One observes a slight overshoot but it is insignificant. The counterpart figure
10a for 15 Ω load reflects the canceling of the overshoot of the output voltage. Figures
9b and respectively 10b presents details of the output voltage in these situations. One
observes the voltage ripple which have the characteristic aspect of a charge-discharge
process for a capacitor. This ripple has an amplitude about 1% from the output voltage.

Fig. 9a. Output voltage on 35 Ω

Fig. 9b. Output voltage on 35 Ω – detail
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Fig. 9c Input and output currents on 35 Ω
– detail

Fig. 9d MOSFETs currents – case 35 Ω
load

Fig. 9e. Characteristic voltages for the
control system – case 35 Ω load

Fig. 10a Output voltage on 15 Ω

Fig. 10b Output voltage on 15 Ω – detail

Fig. 10c Input and output currents
on 15 Ω
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Fig. 10d. MOSFETs currents – case 15 Ω Fig. 10e. Characteristic voltages for the
control system – case 15 Ω load
load
Output and input currents of the converter are shown in figures 9c and respectively
10c, the ripple with a higher amplitude is for the input current.
The output current is in concordance with the output voltage, with ripple
throughout 1%. The waveform of the input current is in concordance with the
theoretical aspects presented in literature and reflects the coil charge-discharge process.
One notices the linear variation of the input current predicted by the theoretical studies.
MOSFETs currents are shown in figures 9d and 10d. These variations present a
quite important difference in relation to the theoretical studies. There are not linear
variations like in theory but rather rectangular pulses, especially for the 35 Ω load.
Characteristic voltages for the control system, in figures 9e and 10e, reflects it’s
functioning – MOSFETs switching when the LVV exceeds the P.I. controller voltage.
The duty cycle of the command pulses increases with the load resistor decrease, but is
larger than the theoretical and the experimental ones.
Figures 11-17 show the experimental results. Figure 11 is the calibration curve
for the output current. Figure 12 is the output voltage variation. As feeding source one
used an aviation battery with 24 V rated voltage and 36 Ah capacity.

Fig. 11. Calibration curve for the output Fig. 12a. Input voltage
current
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Fig. 12b. Input voltage – detail

Fig. 13a. Output voltage variation

Fig. 13b. Output voltage – detail for 35 Ω
load

Fig. 13c. Output voltage - detail for 15
Ω load

Due to the internal resistance of the battery, the input current produces input
voltage variations which are present both as average voltage variation and as ripple.
However, one observes in figure 12b the input voltage ripple is 1 V for 15 Ω load.
Beside the ripple due to the MOSFETs functioning one observe switching peaks. These
peaks can be reduced with some RC circuits in parallel with the MOSFETs. Figures
13a, 13b and 13c show the output voltage in time, for a larger period (fig. 13a) and
details for 35 Ω and 15 Ω loads (fig. 13b, respectively fig. 13c).

Fig. 14a. Input current variation

Fig. 14b. Input current – detail for 35
Ω load
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Fig. 15a. Output current variation

Fig. 15b. Output current – detail for 15 Ω Fig. 15c. Output current – detail for 35
Ω load
load
Output voltage has a average value about 48 V, as it is stated in the design
requirements, but it has two periodic components which may be improved in future.
One of them is the capacitor charge-discharge process, put in evidence also in the
numerical simulations in figures 9b and 10b. One can say the experimental variation is
closer an exponential than the numerical simulations, where the variations are rather
linear for 15 Ω load. The second components are the power devices switching peaks.
These peaks are about 2V and it is necessary to vanish them with the RC circuits
specified above. These peaks have a wide harmonics domain and make the energy
quality getting worse. In contrast, the capacitor charge-discharge ripple has a smaller
amplitude and a narrower spectrum, so its influence on the energy quality is much
smaller. Figure 14 presents the input current for a larger period (fig. 14a), with
variations due to load variation obtained in automat mode switching and, details for 35
Ω load (fig. 14b) and respectively 15 Ω load (fig. 14c).
As one can observe, these variations are in concordance with the simulation
results in figure 9c and 10c. The switching processes influence lesser the input
currents. The experimental variations are almost perfectly linear, as it is stated in
literature. Figure 15 presents the output current for a larger period (fig. 15a) and details
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for 35 Ω load (fig. 15b) and respectively 15 Ω load (fig. 15c). Output currents are
distorted by the switching processes, as in the output voltage case. The waveform
differs substantially from the numerical results. Using the experimental results one
computed the converter efficiency using the relation
t2



U

out

t1
t2

U

 I outdt

(21)
in

 I in dt

t1

where (t1, t2 ) was choose a multiple of the switching period. By this way one obtained
a power mediation both to the output and to the input, so the result has a better
precision. The obtained efficiency is about 66-70%, depending on the output load.
6. Conclusions and future works
Boost converter designed and manufactured in the laboratory of aerospace
engineering from the University of Craiova, satisfy the proposed requirements, but it
can be improved to reduce the output voltage and current ripple. This improvement can
be achieved using RC circuits in parallel with MOSFET switches and the power diode.
Numerical model for the converter was performed in MULTISIM 12 and the
simulation results are in a good concordance with the theoretical aspects in the
literature and the experimental results. There are some differences concerning the
MOSFETs current, but one can appreciate the entire simulation quite good, even for
some values of the duty cycle and current transducer resistors appeared numerical
instabilities. MULTISIM 12 proved to be a big help in the design process of the
converter. Converter scheme was designed in order to fulfill the necessities of the
didactical and research process, but with some improvements its application may be
extended to industrial and aero-spatial domain. These converters are widely used on
the MEA aircraft and also space vehicles, in electrical systems with fuel cells,
photovoltaic panels and buffer batteries.
Boost converter presented in this work can be improved, besides the switching
peaks canceling devices, in some important directions, such a command system based
on a microcontroller, which permits implementation of better control laws than the PI
one used in this paper, and also more complex protections. Another advantage of this
direction is decrease of size and weight for the control board and by the way for the
entire converter. Another development direction which is growing worldwide is the
interleaved phases converter which permit a significant decrease of the input current
ripples (Bizon N., et al., 2006), (Choe G. Y., et al., 2010), (Shin H.B., et al., 2005).
This aspect is very important for the fuel cell systems which do not permit high
amplitude and frequency current ripples. Such converters can be designed also with
digital control which simplifies the entire converter scheme.
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