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ABSTRACT

The paper comes up a kind of charging control method about Multi-objective search algorithm based on PSO
charging control strategy which can reduce the harmonic content and power load of charging at noon to reduce the
impact of the actual bus charging station running bringing to the power grid harmonic and power load. The
simulation is carried on according to the charging station actual operation from the angle of harmonic suppression
and power load balance by constructing the model analysis of charging stations harmonic characteristic. The
simulation shows that the charge under this kind of charging control strategy can reduce the harmonic content
effectively and cut down the peak load availably.
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INTRODUCTION

With the development of science and technologyroteaim resources, the deterioration of environment,
development of environmental protection and enaaying green transport has become an importanigrrothe
car industry [1]. Electric vehicles have the douddivantages of energy-saving and environmentaggption as new
energy vehicles. Qil is to alleviate the crisisabify the urban environment necessary to choosectiic cars
replace fuel electricity and reduce the urban veréxhaust emissions, energy sources. Cooperaithgive use of
the other new energy like clean energy such as,vgioldr, geothermal energy, the effect is good rédfoee, the use

of new energy is the important way to solve thebfem of energy shortage and environmental problems.

Many scholars at home and abroad are doing thanaseThe study way roughly divided into two kindse kind
is on the basis of probability analysis and thehaatatical model is established to study throughetitablishment
of charging station simulation mode [2]. The otlsea simulation of charging station actual operatondition to
study [3~4]. The first kind of research methodhe tesearch process add a lot of assumptions suitte aesearch
process on the premise of charging time conforthéoGaussian distribution and the actual chargime tlecided
by the charging stations own operation mode whéetuce the accuracy of the research. The runnitgsstd the
second simulates the actual charging stations ditgptto the actual need to add the correspondifigeincing
factors. It make the research result is of practsaa whole. This paper uses the second methadrplete the
study of harmonic suppression. A simulation moddbuilt to charge stations harmonic characterestialysis with
matlab simulink. In view that the charging stageimsable to avoid charging the harmonic contentezfkpand the
peak power load problem at noon, the paper putdadva kind of charging control strategy about Maltjective
search algorithm based on PSO charging contrdkglyaThe simulation is carried out to verify iemasibility.
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EXPERIMENTAL SECTION

Electric vehicle control problem is a nonlineagthidimension, multivariable, constraint optimizatjoroblem. The
general linear optimization algorithm is difficuti solve such problems. This paper uses particErsvwobjective
(PSO) search algorithm. Particle swarm optimizagtgorithm (PSO) has simple process, fast converyesie and
is easy to implement. It is not only can effectyveblve the single objective optimization problent blso solve
multi-objective optimization problems which have trery good effect.

In this algorithm, the speed of the particle ofaftvi and their locations xi expression formula is

Vi S Vi,WH ClRand O(pBest[i] - Xi—1) + Czrand()( gBesti] - Xi—1) (1)

X, = Xy TV, (2

In Type,i is the number of iterative update,as the inertia weight; is the first iteration update particle space
position,v; is thei™ particle iteration speed, the Rand ()and the (Quisla constant between interval [0, 1], C1 and
C2 respectively is learning factor and constant.

The working principle of the electric car chargsrtiat three-phase power grid transform alternatimgent to
direct current through the rectifier device. Thehigh frequency power conversion circuit and filbéncuit output
charge to battery[5-7]. The general structure diagis shown in figure 1.
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Fig.1 charger structure diagram

Power battery charging time is for up to four ardaé hours, while the charger is changing the outpltage and
current, but can be thought of in a very small tenastant output voltage and current of the chargiachine, the
output power is constant, so the available a m@sist a short period of time to simulate the inpupedance of
power conversion circuit. The entire charging pescean use a nonlinear resistor to wait insteaghaafer
conversion circuit impedance. So it can use atasis a short period of time to simulate the inpnpedance of the
power conversion circuit and the charging process monlinear resistor can be used in place of ghwer
conversion circuit impedance.
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Charger power output curve through data collectind battery charging process, using curve fitting.
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The bus charging station is basically charging éwiar bus during the day. Time: 11:00-13:00. 201006. The two
hours during the day is a supplementary power stagd during this time each vehicle access for \@rgrt
intervals, which prevent the bus station avoidgbak harmonic content and peak power load at noon.

The three-phase controlled rectifier circuit asuinpharger, AC side current main fundamental corfi&th, 7th,
11th, et al harmonic. A phase current can be esprkas:
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Lt)=1(R)= i f.m(Py)cosmat + f, (P, )sinmat
m=1
(5)

= i\/iflm(Po)sin(maI + £, ()

In type:
Fin(P) = (F2(R) + F2.(Py)) /2

fom(Fo) = fan(Fo) 1 fin(R5)
m=6k+1(k = 012,---,m>0)

The charging station harmonic superposition rulateel with power charger when the charger powéhéssame.
Each harmonic superposition RMS will increase exmbially and when the charger is not the same paugrut
and each harmonic superposition RMS, phase anglehanged, the offset phenomenon occurred.

There is often a certain amount of remaining atther day’s work, remaining charge too much as irgingathe
charging load day supplement power stage. The tiethuaf the remaining SOC can be used to reducédhneonic
content and the load.

RESULTSAND DISCUSSION

Bus station simulation model is established inaigdihree phase power supply, transmission linesfeaimer and
charging machine. 10 kV power utility grid by 5 Kimansmission line due to the actual power grid. Temgth of
the transmission lines can produce certain inflegiocanalysis in this paper. This article uses &p¢ circuit to
simulate the actual transmission lines. Simulatimodel select the type distribution transformer asldpynll
connection mode to make 3 times and 3 integer haigadn the transformer high voltage side of thantgle
formed in the winding circulation, prevent chargistgitions within the part of the higher harmonigdated into
power grid.Its equivalent simulation model is shawfigure 2.
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Fig. 2 charging station smulation model

The charger for the simulation parameters is: LeH5 C=2000ph=94%.Research on the effects of charging
stations for grid generally is divided into two {sar0.4 kV side harmonic and 10 kV power grid spobever grid
harmonic. As an example, five to 10 kV power gridesharmonic current according to the model sintat
analysis of harmonic current change characteritie. simulation results as shown in figure 3.
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Figure 3 different setsof 5 harmonic change curve

From the figure 3, We can see that the entire ¢hgrgrocess harmonic current decreases after isicrgdirst
peaked at 150 min and the harmonic maximum pointjutige whether the harmonic content standards and
determine the harmonic control scheme plays an iitapbrole. The harmonic RMS increase graduallyhwite
increase of the number of charger but the harmoumicent RMS is not multiply but a certain degreefi§et each
other.

Assuming the same charger other parameters, oalpuiput power is different. The 9 kw power, 25 148, kw
charger and 60 kw charger which is used respegtiwih two 60 kw charger do comparison and analgsithe
same time. The simulation is used under maximumepaharger. Simulation can get harmonic contenh &
table 1,2.

Table 1 10kv side RM S har monic current injection

Power chargef /11 Harmonic fr5equency and harmonic cur7rent RMS)
60kw/60kw 1.65 0.83
60kw/45kw 1.48 0.74
60kw/25kw 1.23 0.6
60kw/15kw 1.11 0.53
60kw/9kw 1.04 0.35

Table 1 0.4kv side RM S harmonic current injection

Harmonic frequency and harmonic current RNIS)
Power charget /11 5 7 11 13 17 19
60kw/60kw 43.59 22 15.38 1102 816 648
60kw/45kw 38.83 19.3 13.68 9.76 741 588
60kw/25kw 32.46 15.74 11.33 7.95 6.3 4.95
60kw/15kw 29.26 14.06 10.15 7.09 573 4.49
60kw/9kw 27.31 13.04 9.36 6.46 5.3 4.1

The table shows that every harmonic current RM& ttie increase of charger power is different.
CONCLUSION

This article comes up with a kind of charging cohinethod about Multi-objective search algorithnsdd on PSO
charging control strategy through the chargingiatabuilt imitation summarized the basic charastériof the
charging station harmonic, and basic features afhbaic analysis. Verification results show that fulheme can
effectively reduce the harmonic content and cancedhe load.
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