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Abstract. This work aims at evaluating the effects of the supercapacitors pres-
ence in hybrid energy systems used in automotive. The design and the electrical 
schema of a hybrid energy system that contains batteries and supercapacitors 
and propel a synchronous motor are purposed. The motor operating regime is 
described, detailing the drive evolution of the cycle speed imposed. In these 
conditions, to model the systems behavior, simulations developed in Mat-
lab/Simulink environment are carried out. Two energies management strategies 
for the ensemble energy system-motor are implemented. Simulations are done 
and the energy management is discussed, making the comparative analyses. 
Applying a current control strategy on the supercapacitors, under two working 
conditions, functional diagrams are showed and compared. The results obtained 
highlight the advantages of the supercapacitors.  
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1   Introduction 

Nowadays, in transport the use of hybrid energy systems represents an important 
current topic [1] [2]. In a hybrid vehicle, the most utilized batteries are the Ni-Mh and 
Li-Ion, presenting advantages due to their technology. But energy recovery using a 
traditional system composed by batteries (SB) is a constraint. The weight, volume and 
the price of the batteries reduce the efficiency of the system. From this reason, there 
are many researches to optimize the architecture and the structure of an energy system 
[3][4]. 

The useful strategy adopted is an energy system containing many energy sources. 
Among the existing solutions, the hybrid energy system using batteries and super-
capacitors (SBSC) is proposed and analyzed. This work is aims to develop a SBSC 
system for electrical traction. The architecture of this system is proposed and the 
studies regarding the structure, functionality and modeling on it are presented. Us-
ing the models for the elements components of the system, developed by the authors 
in the previous papers, the modeling and simulations are realized, in order to obtain 
the electrical parameters: current, power, energy, in the test conditions of function-
ing, imposed by a proposed drive cycle. The necessary power resulted is ensured by 
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the hybrid energy system, applying two energy management strategies. In this way, 
the effects brings by the supercapacitors presence in the energy system are finally 
underlined. 

2   Contribution to Technological Innovation 

The automotive field requires new technological innovations regarding energy de-
mands inside of subsystems. This trend is putting increasing pressure on energy sys-
tems from a vehicle to be efficient and run for long periods. From technical point of 
vu, they must be able to store and deliver enough energy and power.  

Batteries are preferred for most applications because of their superior capability to 
store energy. The disadvantage consist is the poor ability to deliver power. 

Supercapacitors offer a combination of high power and good energy performance 
parameters with commercial relevance. They are very high surface area activated 
carbon capacitors that use a molecule-thin layer of electrolyte [5]. This new technol-
ogy gives them the property to storage energy proportional to the charge surface area. 
So, they are able to hold a very high charge which can be released in a controlled 
manner.  

Taking in account the batteries and the supercapacitors properties, there is a strong 
trend in automotive towards hybridizing both energy sources, making the energy 
system more highly and efficient functional from the point of vu of the energy man-
agement. The last technological advances in the applications to automobiles are based 
on this ability of supercapacitors to complete with the batteries. 

3   State of Art 

In hybrid vehicles, the load profile is characterized by a low value of a main power 
with big picks of power requested in transient regimes. In these conditions, a hybrid 
energy system that contains supercapacitors near batteries (SBSC) ensures performing 
answers of power, higher like in SB systems.  

There are researchers which evaluated the effects of the supercapacitors in the hy-
brid energy systems and they developed and realized practically the SBSC systems 
[4] [5].  

The studies from the literature proved the advantages of SBSC systems use, in 
which batteries ensure a constant voltage and the role of supercapacitors is to de-
liver/storage the transient picks of power.  

In order to optimize the structure, to improve the functionality and to grow the en-
ergy efficiency of the SBSC systems used in automotive, new analyses are necessary, 
the improvement of the existing models is required and the development of new mod-
els is expected. 

4   Research Contribution and Innovation 

In the present research improvements on the energy systems used in automotive are 
proposed. The main objectives of this work are: 
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− To present the ensemble hybrid (batteries-supercapacitors)-synchronous motor;  
− To simulate the functioning regimes under different running conditions; 
− To implement two energies management in order to highlight the contribution of 

the supercapacitors in automotive presented system. 

2.1   System Description 

The architecture of the proposed supply/propulsion system consists of a batteries pack 
and a supercapacitors pack, being utilized in a hybrid vehicle (Fig. 1). The battery 
pack is directly connected to the DC bus, providing a constant voltage for the system. 
Mechanical load of the system is represented by the inertia and brakes of the vehicle. 
Propulsion is ensured by MSA traction motor. The DC/AC inverter, coupled to MSA, 
transforms the electrical DC power provided on the bus into AC power and controls 
its parameters. 

 

Fig. 1. Architecture of the power system used in hybrid electrical vehicle 

The power supplying the inverter is delivered by the both: main and the secondary 
power source. Supercapacitors pack represents the secondary power source, ensuring 
optimal performance for the motor in punctual operation regimes. The bidirectional 
DC/DC converter connects the supercapacitors pack to DC bus, controlling current 
flow and allowing energy recovery while breaking. The functioning regimes of the 
motor are modeled according to the proposed running drive cycle – 3ECE. The entire 
power demand by the motor is ensured by the batteries and supercapacitors pack, 
designed according to the speed cycle.  

The aim of simulations is to obtain a quick and consistent response to transient 
power requests from the motor, in order to obtain a high energy efficiency of the entire 
system. The model used for simulations includes a batteries pack consisting of 23 
elements, providing a constant voltage in amount of 280V. Supercapacitors pack intro-
duced in the simulation model has the following parameters: total capacity in amount 
of 5.8 F, voltage across terminals 150 V and internal resistance 0.19 Ω. Electrical pro-
pulsion motor is a permanent magnet synchronous motor, with the following parame-
ters: Un = 230 V; In = 42,9 A; Mn = 35 Nm; nn = 3300 rpm; Pn = 12,1 kW. Energy 
efficiency is to be determined in simulations, by analyzing obtained responses.  

Two energy management strategies are presented: 

1. The necessary of the electrical power requested by the motor is entirely en-
sured by the batteries (SB system), during the drive cycle period; 

2. The same necessary of power is ensured by the batteries and the supercapacitors. 
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The energy management is treated, observing the temporal responses obtained by 
simulations under the under drive cycle conditions for each case above. Running 
cycles set (3ECE) is composed from several European urban running cycles, contain-
ing different acceleration, constant speed and breaking phases. There are presented 
three levels of rotational speed for the motor: 1100 rot/min, 2200 rot/min, 3300 
rot/min, the motor dynamics having easy accelerations and breakings. 

2.3   Energy Management Using SB 

The following work assumptions have been considered: 

• The unique energy source used is the pack of batteries; 
• The entire electrical power requested by the motor is ensured by the batteries and 

the braking energy of the motor is completely taken by the batteries; 
• The model of batteries is an internal resistance in series with an electromotive 

voltage source; 
• For the synchronous motor was used the experimental model developed by the 

authors and detailed in [6]. 

In Fig. 2 the necessary of current (Ibus) variation during the 3ECE cycle is presented. It 
can be observed the many peaks of current corresponding when crossing to another 
level of speed. In Fig. 3 the current variation curve on the batteries during the same 
cycle are obtained. Fig. 4 shows the electrical power required by the traction motor 
during the cycle and Fig. 5 presents the power electrical variation at the pack of bat-
teries in the same period. Graphics shows that during the running cycle, batteries must 
ensure all the power picks required by the motor, which implies their overload.  
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Fig. 2. Motor current Ibus during 3ECE cycle Fig. 3. Current Ibat of batteries during cycle 
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Fig. 4. Electrical motor power Pbus Fig. 5. Electrical batteries power Pbat 
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On the other hand, the batteries must take the entire breaking power reinserted by 
the motor in the DC bus, which is practically impossible. The SB system is not suffi-
cient to ensure the motor functionality, being required to use a hybrid energy system, 
like SBSC, that can answer efficiently of the dynamics of the motor. 

2.4   Energy Management Using SBSC 

The electrical model of the supercapacitors used in simulations is composed by a vari-
able capacity in series with a resistance. The pack of batteries is simple modeled by an 
ideal voltage source. The synchronous motor has the experimental model detailed by the 
authors in the previous works [6]. The functioning regimes of the motor are given by the 
running drive cycle 3ECE. The power control principle utilized for this SBSC, which 
establishes the contribution of each source in supplying the motor, is based on the sepa-
ration of medium power demand from the transitory power demand and consists of a 
first order low pass filtering function. The filter is applied to the current supplying the 
motor obtaining a reference output current for controlling the supercapacitors pack. In 
order to implement control strategy for the supercapacitors pack, the transfer function of 
a first order filter has been utilized. To highlight the filter action on the system function-
ality, the time constant will take two values: first, 3 s, than simulations are repeated for 
value of 6 s. Simulations has been done using the Matlab Simulink software.  

The motor current is in Fig. 6. In Fig. 7 is layout the current variation that must be 
ensured by the pack of batteries, when using the constant time filter τ = 3 s. In Fig. 8 
is shown the variation of the current when τ = 6 s. Fig. 10 shows the reference current 
applied to the pack of supercapacitors for τ =3s, and in Fig. 11 for time constant 
τ = 6 s. The reference current is resulted after the filter at the converter entry, when 
batteries and supercapacitors are used together. 
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Fig. 6. Current Ibus at the traction motor 
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Fig. 7. Batteries current Ibat for τ = 3 s 
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Fig. 8. Batteries current Ibat for τ = 6 s 
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Fig. 9. Reference converter current, τ = 3  s Fig. 10. Reference converter current, τ = 6 s 

The graphics prove an important filter of the current delivered by the batteries. Su-
percapacitors take efficiently the power picks and batteries are smoothed. Graphics 
prove a better management of current sharing on both energy sources, which ensures 
together the necessary of electrical energy of the motor. 

5   Discussions of Results 

In this section, a comparative analyze of graphics in both energy management strate-
gies is done. The power variation curves for the ensemble SBSC-synchronous motor 
are detailed. In Fig. 11 is represented the requested power by the motor. 
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Fig. 11. Power Pbus at the motor terminals 

In Fig. 12, Fig. 13 and Fig. 14 are analyzed the results obtained after the utiliza-
tion of both energy management strategies (SB and SBSC) and after utilization of the 
power control strategy on the supercapacitors. Therefore, is presented the power 
variation on the batteries terminals in the three cases: 

1. using SB like energy management strategy; 
2. using SBSC like energy management strategy and a power management strat-

egy with a filter having τ = 3 s; 
3. using SBSC like energy management strategy and a power management strat-

egy with a filter having τ = 6 s. 
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Fig. 12. Batteries power Pbat, SB-motor Fig. 13. Batteries energy Wbat, SB-motor 
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Fig. 14. Batteries power Pbat ,SBSC-motor, 
with filter constant τ = 3s 

Fig. 15 Batteries power Pbat, SBSC-motor, 
with filter constant τ = 6s 

The energy management is underlined from the energy variation curves resulted from 
simulations in the Fig. 13, Fig. 16 and Fig. 17. 
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Fig. 16. Batteries energy Wbat, SBSC motor, 
τ = 3s 

Fig. 17. Batteries energy Wbat, SBSC motor, 
τ = 6s 

Comparing the graphics obtained, it can be deduced: 

1. When using SB systems, power and energy on batteries have high values and 
high picks, that crave for batteries; 

2. Using SBSC systems, the transient picks of power and energy on batteries are 
smoothed; 

3. Growing-up the time constant value of the filter used for power control strat-
egy on supercapacitors, the power/energy on batteries becomes smaller and 
smoother. 

Therefore the contribution of the supercapacitors in the energy deliver/storage proc-
esses became more important and the system energy efficiency is improved. 

Simulations effected highlight the effects of supercapacitors in the hybrid energy 
system used in automotive. With this research there are certified: 
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• the validity of the SB and SBSC system models; 
• the validity of the energy management strategy with SBSC; 
• the validity of the control strategy of the supercapacitors pack based on power 

sources separation; 
• the contribution bring by the supercapacitors in hybrid energy systems. 

6   Conclusions and Further Works 

The use of SBSC as power control strategy leads to an optimized model of the propul-
sion system, in accordance to requirements. The presence of supercapacitors in power 
supply/recovery systems used for electric traction increases battery lifetime and al-
lows a fair design in terms of weight and volume. Therefore, the entire system can be 
design at lower power requirements, power dimensioning being separate from energy 
dimensioning of components, ensuring therefore increase of efficiency, reduction of 
dimensions, costs and weight. The advantages offered by power systems with batter-
ies and supercapacitors recommend them for applications in transportation, especially 
where high power peaks are required. 

The paper presented an analysis regarding power control and energy management 
when utilizing SB and than a SBSC-synchronous motor system, in functioning condi-
tions imposed by standard 3ECE running cycles.  

A command strategy has been implemented for the supercapacitors pack in order to 
optimize system performance and energy efficiency.  

Results of the analysis prove that supercapacitors particularly reduce current peaks 
applied to/from the battery and improve acceleration characteristics, range and effi-
ciency of the vehicle, especially when the running cycle determines a lot of current 
peaks.  

For the future, experimental results are expected and new models for the compo-
nents of system will be implemented. 

References 

1. Chan, C., Chan, K.: Modern Electric Vehicle Technology. Oxford University Press, Oxford 
(2006) 

2. Yap, H., Schofield, C., Bingham, C.: Hybrid energy/power sources for electric vehicle trac-
tion systems: The Institution of Electrical of Electrical Engineers. Michael Faradya House, 
Stevenage, SGI 2AY (2004) 

3. Steiner, M., Scholten, J.: Energy storage on board of railway vehicles. In: ESSCAP, Belfort, 
France (2004) 

4. Livint, G., Gaiginschi, R., Horga, V., Drosescu, R., Chiriac, G.: Vehicuel electrice hibride. 
Venus, Iasi (2006) 

5. Lungoci, C., Mailat, A., Helerea, E.: Eco-design of a hybrid energy system for electric vehi-
cles. In: 2nd International Conference on Sustainable energy, Brasov, pp. 438–446 (2008) 

6. Lungoci, C., Bouquain, D., Miraoui, A., Helerea, E.: Modular test bench for a hybrid elec-
tric vehicle with multiples energy sources. In: 11th IEEE International Conference on  
Optimization of Electrical and Electronic Equipment, Brasov, pp. 299–306 (2008) 


	Evaluation of Supercapacitors Effects on Hybrid Energy Systems for Automotive
	Introduction
	Contribution to Technological Innovation
	State of Art
	Research Contribution and Innovation
	System Description
	Energy Management Using SB
	Energy Management Using SBSC

	Discussions of Results
	Conclusions and Further Works
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




