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Abstract:Itisimportanttoverifythesafetyofelectricvehicle(EV)wirelesspowertransmissionforchildpassengersby
studyingtheelectromagneticexposuredifferencebetweenthechildpassengersandtheadultpassengers.Thedielectric
parametersofthechildpassengers’bodywerecalculatedundertheoperatingfrequencyof85kHz.Usingthefiniteelement
simulationsoftwareCOMSOLMultiphysics,amodelwasestablishedforthechildpassengersandadultpassengerswhenthe
EVschargedbythewirelesschargingcoil.Thispaperanalyzedthedistributionofmagneticinductionintensityandinduced
electricfieldintensitygeneratedonthebodyandheadwhenthechildpassengersandadultpassengerssatinfourdifferent
positions.Additionally,thedifferencebetweenthebrainelectromagneticexposurevaluesofchildrenandadultswasanalyzed
andcomparedwiththelimitsset.Theresultsshowedthattheelectromagneticexposurewasthelargestwhenthepassengersat
intheco-driverposition.Theelectromagneticexposurelevelofchildwasslightlyhigherthanthatofadultatthesameposition,
andthemagneticinductionintensityandinducedelectricfieldintensityofboth weremuchsmallerthanthepublic
electromagneticexposurerecommendationvalues.
Keywords:electricvehicle;electromagneticexposure;childmodel;wirelesschargingcoil;finiteelementmethods

0 Introduction
 Withtheintensificationoftheglobalgreenhouse
effect and the increasingly prominent energy
problems,theemergenceofelectricvehicles(EVs)
hasbroughtnewhopeanddevelopmentpointsforthe
mitigationofenvironmentaldegradation.Itisa
tendencythattheEVswillreplacetraditionalfuel
vehiclesduetoitsenvironmentalprotectionandzero
emissions[1-2]. However, the subsequent
electromagnetic exposure problem has attracted
publicattention.Thewirelesschargingtechnology
effectively solves various problems of contact
charging,suchasriskofsparks,electricshockdust
andcontactlossesinharshenvironments,andhas
beenresearchedandappliedwidely.Withthefurther
researchofEVwirelesschargingtechnology[3-4],its
electromagneticsafetyproblemshaverecentlybecame
oneoftheresearchhotspots.
 Many studies have been conducted on
electromagneticexposuresafety problemsof EV
wirelesspowertransmission.The Massachusetts

Institute of Technology (MIT) proposed a
magnetically coupled resonant wireless power
transmission (WPT)technologysuitableformid-
rangepowertransmissionin2007,andtheysaidthat
thestrengthofthemagneticfieldbetweenthetwo
resonantcoilswasthesameasthestrengthofthe
geomagneticfield,andithadanegligibleeffecton
humanbody[5].LaaksoIstudiedacomputational
methodtocalculatethespecificabsorptionrate
(SAR)duetoawirelesspowertransmissionsystem
in the 10MHz frequency band[6]. When the
transmittedpowerwas7kWandthefrequencyof
powertransmissionwas85kHz,LaaksoIsimulated
theelectromagneticexposurelevelofhumanexposure
totheelectromagneticfieldofelectricvehiclewireless
chargingin2013-2014.Thestrengthsofthe
externalmagneticfieldaroundthevehicleandthe
electricfieldinducedin the human body were
compared with the exposurelimits setin the
internationalhuman exposure guidelines.It was
foundthattheexternalmagneticfieldstrengtharound
thevehicleexceededthemagneticfieldlimitallowed
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byinternationalstandards,buttheelectricfield
inducedbythehumanbody wasfarbelow the
exposurelimit[7-9].SangWook Park studied the
electromagneticexposurelevelofelectricvehicles
equippedwitha6.6kW resonantwirelessenergy
transmission system,and evaluated the specific
absorptionrateofhumanmodelsclosetothewireless
energy transmission system for three exposure
situationsin2016,designeda WPT system for
chargingEVsandevaluateddosimetryforthesystem
invariousexposurescenarios.Thedesignedsystem
madeahumanbodyinfrontofthe WPTsystem
withoutshielding,withshielding,withalignment
andmisalignmentbetweentransmitterandreceiver,
andwithametalplateonthesystemforvehicle
mimicfloor pan[10-12].Yavolovskaya studied the
humanbodyexposedtothelow-frequency(1Hz-
10MHz)electromagneticfieldgeneratedbythecar
WPTsystem byusingtheTARO human model,
analyzedthe human exposurelevelin different
realisticscenarios,calculatedthevivoinducedelectric
fieldandcompareditwiththebasiclimitsofthe
InternationalCommissiononNon-IonizingRadiation
Protection (ICNIRP).It was found that the
calculationresultswerelowerthanthebasiclimitsof
ICNIRP[13-14].XuGuizhistudiedtheelectromagnetic
exposureofthemainorgansofthehumanbody
duringwirelesschargingofelectricvehiclesandfound
thatdifferenttissuesinhumanbodyhaddifferent
absorptionofelectromagneticwaves[15].GaoYabio
investigatedthesafetyissuesassociatedwiththermal
effects,electromagnetic(EM)interferencevoltages
inducedbythemagneticfieldnear,insideandatthe
centerofan EV wirelesscharging system and
magneticinductionintensity[16].HEYaqingstudied
theinfluenceofelectromagneticfieldstransmittedby
wirelesscharging of EVs on brain waves and
neuropsychologicalchanges[17].Inthepreceding
research,themainobjectwasconcentratedonthe
electromagneticexposureofadultsinthewireless
chargingprocessofEVs.Sothereisstillalackof
researchontheelectromagneticexposureofchildren
duringthewirelesscharging.
 Insummary,theresearchobjectofthisstudywas
theelectromagneticexposureofchildrenwhenthe
EVswerechargedbythewirelesschargingcoil.
Firstly,the dielectric parameters of the child
passenger’sbodywerecalculatedbyusingdielectric
parametersofpigsasthesourcesofthe4thCole-Cole
modeltosimulatetheparametersofhuman,andthen

theywereputintothemodelmaterials.Secondly,
thefiniteelementsoftwareCOMSOLwasusedto
establishasimulationmodelforthechildpassengers
andadultpassengerswhentheEVwaschargedby
thewirelesschargingcoil.Thedifferenceinthe
electromagneticfielddistributionofthebodyand
headbetweenthechildpassengerandtheadult
passengerduringthewirelesschargingprocesswere
studied.Lastly,comparingthesimulationresults
with the corresponding limits in the ICNIRP
guidelines,theelectromagneticexposuresafetyof
childpassengersduringwirelesschargingofEVswas
evaluated.Theresearchcouldassessthesafetyof
electromagneticexposurepreciselyfor11-12years
old passengers, and made some protective
recommendationsforchildpassengers.

1 Methods
1.1 Methodofwirelessenergytransfer
 AsshowninFig.1,whentheelectricvehicleis
wirelesslycharged,thetransmittingcircuitgenerates
an alternating magneticcircuit.The alternating
magneticfieldisinducedinthereceivingcoil,and
thentheACpowerisconvertedintoDCpowerbythe
receivingrectifierandoutputtothebatteryload[18-19].
Duringlargepowertransmission,thereisastrong
magneticfieldaroundthewirelesschargingcoil.The
non-thermaleffectofelectromagneticexposureonthe
bodyhasbeeninternationallyrecognized,andhas
becomea potentialsafetyissuethatcannotbe
ignored. It is necessary to evaluate the
electromagneticsafetylevelofdriversandpassengers
whenwirelesscharging.

Fig.1 Wirelesschargingschematic

 Inthefiniteelementsoftware,thecircuitmoduleis
usedto simulatethe compensation circuit,the
magneticfieldmoduleisusedtosimulatethecoil
entity,andthenthefield-circuitco-simulationis
conductedtosimulatetheactualwirelesscharging
systemasmuchaspossible.
 ThesimplifiedcircuitmodelisshownintheFig.2.
Amongthem,thepowersupplycurrentisIs;the
primarycoilresistanceandinductanceareR1andL1;
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thesecondarycoilresistanceandinductanceareR2
andL2;C1andC2aretheprimaryandsecondarycoil
compensationcapacitors;R3istheloadimpedance,
andMisthecoilmutualinductance.

Fig.2 Simplifiedcircuitmodel

1.2 Electromagneticsafetyrelatedstandard
 Thereareaseriesofstandardsforelectromagnetic
exposuresafety,mainlycontainingbasicandderived
limits.Mostdevelopedcountriesusetheguidelines
specifiedbytheICNIRP[20-21]asthebasistolimitthe
safetyscope.TheICNIRPguidelineswereformally
releasedin1998,revisedin2010,whichstipulated
thesafetylimitsforelectromagneticexposurein
variousorganizations withinthebodyofgeneral
publicandprofessionalpersonnel.Thispaperused
thefrequencyof85kHzforthewirelesschargingof
electricvehiclestoconductexperiments,andthen
compared results with the ICNIRP reference
guidelines.TherelevantlimitsareshowninTable1.
Table1 Referencelevelsforgeneralpublicexposuretotime-
varyingelectricandmagneticfields

Frequency
range/kHz

Electricfield
strength/(V·m-1)

Magneticinduction
strength/μT

3-150 87 6.25

1.3 Dielectricpropertiesofbiologicaltissues
 Inbio-electromagnetism,thesafetyassessmentof
humanexposuretoelectromagneticfieldsrequires
moreaccuratehumantissuedielectricparameters,
i.e.dielectricconstantandconductivity.However,
duetothelimitationofthemeasurementmethod,it
isdifficulttodirectly measuretheparametersof
householdappliancesthroughexperiments,especially
the parameters ofthe central nervous system.
Therefore,the currently widely used dielectric
parametersintheworldaremeasuredinvitrofrom
adultsoranimals.In1996,Gabrielmeasuredthe
relativepermittivityandelectricalconductivityof
17kindsofbiologicaltissuesthroughinvitroanimal
measurement experiments, proposed the 4th
Cole-Cole model, and described the dielectric
propertiesof10Hz-20GHz[22-23].Inthispaper,the

4th Cole-Cole modelwereusedtocalculatethe
complexdielectricconstant.

ε̂r(ω)=ε∞+σ0
jωε0+∑

4

n=1

Δεn
1+ jωτn  1-αn  

,(1)

whereε∞ is the dielectric constant atinfinite
frequency;σ0isthestaticionconductivity;ωisthe
angularfrequency;Δεnistherelaxationincrementin
thedispersionregion;τistherelaxationtime;ε0is
thedielectricconstantinfreespace,andαisthe
parameterofthedispersionintervaldistribution.The
complexdielectricpropertiesofbiologicaltissuescan
beexpressedas

εr=ε'r-jε″r, (2)

whereε'ristherealpart;ε″ristheimagepart.Atthe
sametime,forthecomplexdielectricconstant,the
realpartistherelativedielectricconstant,andthe
imagepartistheconductivity.Theconductivityis
obtainedby

σ=ωε0ε″r. (3)

 Considering the physical differences between
childrenandadults,aswellasthedifferentdielectric
parametersofbodytissuesatdifferentfrequency,the
absorptioncharacteristicsofelectromagneticwaves
aredifferent,soitisnecessarytodistinguishthe
different ages when conducting human
electromagneticexposureandsafetyassessments.A
largenumberofexperimentalstudieshaveshownthat
thedielectricparametersofanimalsweresimilarto
thoseofhumans.Therefore,thedielectricproperties
ofanimaltissuesofdifferentageswerecomparedwith
thoseofhumantissuesatdifferentages[24-25]forthe
differencesinhumanelectromagneticexposure.The
datausedinthispaperisthemeasurementdataofpig
biologicaltissuescarriedoutbyPeymanetal.in2001
and2007.Thedielectricparametersof50kgpigs
werefittedtoreplacethebodydielectricparameters
of11-12years-oldasshowninTable2.

Table2 Dielectricparametersofchildtissuesat85kHz

Tissue
Relativedielectric
constant

Conductivity
/(S·m-1)

Scalp 468.99 0.1211

Skull 261.62 0.2001

Braintissue 411.42 0.0852

Body 340.19 0.1103

 Thedielectricparametersofadultsareshownin
Table3.Thedielectricparametersofbraintissue
adoptedtheaveragevalueofbraingraymatterand
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whitematter,andthedielectricparametersofbody
tissuearereflectedbytheaveragevalueofskin,
blood,muscleandbone.

Table3 Dielectricparametersofadulttissuesat85kHz

Tissue
Relativedielectric
constant

Conductivity
/(S·m-1)

Scalp 472.57 0.0601

Skull 117.13 0.1201

Braintissue 308.64 0.1852

Body 284.49 0.0311

2 Modeling
2.1 Electricvehiclewirelesschargingsystem

model
 ThecoilmodelisshowninFig.3.Thecarbody
modelestablishedinthispaperisshowninFig.4,
whichismadebyalloysteel.Thelength,widthand
heightare4.25m,1.6mand1.5m.Thefrequency
is85kHz.ThecoilparametersareshownasTable4.

Fig.3 Coilmodel

Fig.4 Electriccarmodel

Table4 Parametersofcoil

Parameter Value

Ferriteplateradius/cm 50

Coilradius/cm 30

Distancebetweentwocoils/cm 30

Primarycoilinductance/μH 62

Secondarycoilinductance/μH 57

Primarycompensationcapacitor/nF 56.5

Secondarycompensationcapacitor/nF 61.5

Inputcurrent/A 30

Turns 5

2.2 Humanbodymodel
 TheadultpassengermodelisshowninFig.5(a).
AccordingtoGB10000-88Chineseadulthumanbody
size,ahumanmodelwasestablishedwithaheightof
1.754m,whosesittingheightis0.947m.The
internationalstandard3-layerhumanheadmodelwas
used[26],withascalpradiusof0.092m,askull
radiusof0.085m,andabrainradiusof0.080m.
ThechildmodelisshowninFig.5(b).Accordingto
GB/T26158-2010Chinesechildbodysizean11-
12years-oldchildmodelwasbuilt,withaheightof
1.582m,whosesittingheightwas0.834m.The
radiusofthescalpwas0.067m,theradiusofthe
skullwas0.062m,andtheradiusofthebrainwas
0.058m.

(a)Adultpassenger

(b)Childpassenger
Fig.5 Humanbodymodel

2.3 Modelassemblyandsegmentation
 Firstly,alltheestablishedmodelswereimported
intoCOMSOLfiniteelementsoftwaretoassemble,
andthechildpassengerandadultpassengermodels
wereplacedinthefourpositionsoftheelectricvehicle
co-pilot,left,centerandright,respectively.The
relativepositionsofthedriver,passengers,coiland
carbodyareshowninFig.6.
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Fig.6 Positionofhumancoilandcar

 Thesimulationcalculationswereconductedwhen
thepassengerwasseatedatthefourpositionsofthe
co-driverposition,theleftpositionoftherearseat,
thecentralpositionoftherearseatsandtheright
positionoftherearseats.
 Secondly,theobtained materialpropertiesand
dielectricparameterswereappliedtotheairarea,the
vehiclebody,thecoilsandthehumantissues.When
the85kHzfrequencysimulationwasperformedinthe
AC/DCmoduleandacurrentof30Awasappliedto
thecoil,thegotinputpowerwasabout3.7kW.The
boundaryabsorptionconditions wereadded.The
finiteelementmeshwasdividedfordifferentregions
andtherefinedmeshprocessingwasperformedonthe
three-layerballheadmodelestablishedtomakethe
results more accurate for concentrating the
electromagneticexposureofthehumanhead.The
resultofthechildbodydissectionisshowninFig.7.
ThemeshingoftheoverallmodelisshowninFig.8.

Fig.7 Resultchartofchildbodydissection

Fig.8 Overallmodelsplittingresultgraph

 Finally,thewirelesschargingofEVswassolvedin
theAC/DCmodule,andthecalculationresultswere

processed.Thetotaldegreeoffreedomtosolvethe
electromagneticexposuresafetyassessmentmodelfor
passengersbywirelesschargingsystemsforEVswas
about1.37 million.Ittookabout30 minutesto
completethesolutionbya16Gcomputer.

3 Resultsanddiscussion
3.1 Safety assessment of electromagnetic

exposureforchildpassenger
 1)Distributionofmagneticinductionintensityin
bodyandheadofachild
 Whenthechildpassengerwasinpositionone(the
co-driverposition),themagneticinductionintensity
andelectricfieldintensitydistributionofthehuman
torsoareshowninFig.9.

(a)Childbodymagneticinductionintensitydistribution

(b)Bhildbodyinducedelectricfieldintensitydistribution
Fig.9 Distributionofchildbodymagneticinductionintensity
andinducedelectricfieldintensity

 Themaximum magneticinductionintensitywas
1.0524μT,whichaccountedfor16.84% ofthe
ICNIRP threshold.The maximum electricfield
strengthwas0.3458mV/m,whichaccountedfor
0.0004%oftheICNIRPthreshold.Themaximum
valueappearedatthetoe.Themagneticinduction
intensityoftherightshoulderwaslargerbecausethe
rightshoulderwasclosetothewindow,theshielding
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effectofthewindowwasweakerthanthatofthecar
body.Theelectricfielddistributionattheleftfoot
andrightshoulderwasgreaterthanthatatother
parts.Becauseatthisposition,thelefthalfofthe
humanbodywasclosertothechargingcoil,andthe
rightshoulderwasclosedtothewindow,thevalues
ofthetwopartswerehigher.Thecarbodyhad
shieldingeffect,sotheelectromagneticexposureof
otherpartsofhumanwerelowerhere.
 Thedistributionofmagneticinductionintensityon
theheadofchildpassengerisshowninFig.10.The
maximum magneticinduction ofthe head was
0.3573μT,which was5.72% oftheICNIRP
threshold.Thecrosssectionwasperpendiculartothe
bottomofthecarbody,andthecrosssectionofthe
centeroftheheadwastookforslice.Themagnetic
inductionintensityoftheheadincreasedwiththe
positionnearthereceivingcoil.Sincethehumanbody
isnotamagneticsubstanceandwillnotaffectthe
distribution of the spatial magnetic field,the
magneticinductionintensitydecreasesasthedistance
increases,sotheintensityofthemagneticinduction
intensityofthehumanheadisgenerallylowerthan
thatofthehumanfoot.

(a)Childheadmagneticinductionintensitydistribution

(b)Magneticinductionintensitydistributionoflongitudinalsection
ofchildhead

Fig.10 Childpassengerhead magneticinductionintensity
distribution
 Thedistribution oftheinducedelectricfield
intensityontheheadofachildpassengerisshownin
Fig.11.Theelectromagneticexposureinfrontand

rightsidesoftheheadweregreater.Themaximum
valueoftheinducedelectricfieldintensity was
6.0318mV/m,whichaccountedfor0.0069% of
theICNIRPthreshold.Thevolumediagramandthe
slicediagramoftheelectricfielddistributionshowed
thattheelectromagneticexposureofthepassenger’s
head was more seriousin thefront nearthe
windshieldofthecarandneartherightwindow.
Sincenearthecarwindowelectromagneticshielding
effectwassmall.

(a)Headinducedelectricfieldintensitydistribution

(b)Inductionelectricfieldintensitydistributionoflongitudinalsection
ofhead
Fig.11 Inducedelectricfieldintensitydistributiononheadof
childpassenger

 2)Themagneticinductionintensityandinduced
electricfielddistributioninthebraintissueofthe
childpassenger
 Thedistributionofmagneticinductionintensityof
thebraintissueofachildpassengerisshownin
Fig.12.Takingasliceperpendiculartothebottomof
thecar,andthemagneticinductionintensityinside
thebraintissueincreased asitapproachedthe
receivingcoil.
 Thedistribution oftheinducedelectricfield
strengthofthebraintissueofchildpassengeris
showninFig.13.Takingallsidesperpendicularto
thebottomofthecarandfaceforward,themaximum
value was 5.0086mV/m,which accounted for
0.74%oftheICNIRPthreshold.Theelectricfield
distributionofthebrainwassimilartothatofthe
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head,withgreaterexposureontherightandfront
sides.Andbecausetheprotectiveeffectofthescalp
onthebrain,theinducedelectricfieldintensityofthe
brainwasslightlylowerthanthatoftheentirehead.

(a)Magneticinductionintensitydistributionofbraintissueofchild
passenger

(b)Magneticinductionintensitydistributionofbraintissueslicesof
childpassenger
Fig.12 Magneticinductionintensitydistributionofbraintissue
ofchildpassenger

(a)Distributionofinducedelectricfieldinbraintissueofchildpassenger

(b)Distributionofinducedelectricfieldinbraintissueslicesofchild
passenger
Fig.13 Inducedelectricfieldintensitydistributionofchild
passengerbraintissue

3.2 Comparisonofelectromagneticexposurein
co-driverposition

 1)Comparisonofhumanbodymagneticinduction
 AsshowninFig.14,the maximum valuesof
magneticinductionforadultpassengersandchild
passenger are 1.6644μT and 1.0524μT,
respectively. The magnetic induction in adult
passengerisslightlylarger.Thereis no great
differenceinthemagneticinductionintensityofthe
bodybetweenadultsandchildren.

(a)Distributionofmagneticinductionintensityforadultpassenger

(b)Distributionofmagneticinductionintensityforchildpassenger
Fig.14 Passengerbodymagneticinductionintensitydistribution

 2)Comparisonofmagneticinductionintensityof
braintissue

 Across-sectionofthecenteroftheheadusedfor
cuttingwastaken,whichwasparalleltothebottom
ofthevehiclebody.Asshownin Fig.15,the
maximum magneticinductionintensitiesofadult
passengerbraintissueandchildpassengerbrainare
0.1685μTand0.3393μT.Atthesamelocation,
the maximum value ofthe magneticinduction
intensityofthechildpassengerisabouttwiceas
manyasthatoftheadultpassenger.Sincethe
shieldingeffectofthewindowissmallerthanthatof
thecarbody,themagneticinductionintensityofthe
passengers’brainislargernearthewindow,and
slightlysmalleratthe distanceawayfrom the
window.
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(a) Adult passenger brain tissue magneticinduction intensity
distribution

(b)Magneticinductionintensitydistributionofbraintissueofchild
passenger
Fig.15 Magneticinductionintensitydistributionofpassenger
braintissue

 3)Comparisonofbodyinducedelectricfield
strength

 AsshowninFig.16,themaximumvalueofthe
inducedelectricfieldstrengthofanadultpassengeris
55.9729mV/m,andthe maximum valueofthe
inducedelectricfieldstrengthofachildpassengeris
54.4391mV/m.Theinducedelectricfieldstrength
ofthebrainofadultpassengerisslightlylargerthan
thatofchildpassenger.
 4)Comparisonofinducedelectricfieldintensityof

braintissue
 Across-sectionofthecenteroftheheadusedfor
cuttingwastaken,whichwasparalleltothebottom
ofthevehiclebody.AsshowninFig.17,theelectric
fieldintensitygraduallydecreasedfromtheoutsideto
theinside,andthemaximumvaluesoftheelectric
fieldstrengthoftheadultpassengerbraintissueand
thechildpassengerbraintissuewere3.1633mV/m
and4.9741mV/m.The maximum electricfield
intensityinthebraintissueofthechildpassengerwas
largerthanthatoftheadultpassengerbraintissue.
Theelectricalconductivityofthebrainofchild
passengerwasgreaterthanthatofadult,resultingin
agreaterintensityoftheinducedelectricfieldinthe

brainofchildthanthatofadult.

(a)Adultpassengerinducedelectricfieldstrength

(b)Inducedelectricfieldstrengthofchildpassenger
Fig.16 Comparisonofhumaninducedelectricfield

(a)Adultpassengerbraintissueelectricfieldintensitydistribution

(b)Electricfieldintensitydistributionofbraintissueofchildpassenger
Fig.17 Electricfieldintensitydistributionofpassengerbrain
tissue
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3.3 Comparisonindifferentpositionsofrear
seats

 Theadultpassengerandthechildpassengerwere
placedinthethreeseatsoftherearseatsofthe
electric vehicle in turns. Tables5-6 list the
magneticinductionintensityandinduceelectricfield

intensityofthebodyandbrainofthepassengerin
fourdifferentpositions.Itwasfoundthatallthe
results were below the ICNIRP threshold by
calculation.Thefollowingistheelectromagnetic
exposureofthehumanbodyandbrainofchildrenand
adults (magneticinductionintensityandinduced
electricfieldintensity).

Table5 Maximummagneticinductionandmaximumelectricfieldstrengthofhumanbody

Parameter Type
Position

Leftrearseat Centralrearseat Rightrearseat Co-pilot

Magneticinduction
/μT

Adult 0.4110 0.3926 0.6747 1.6644

Child 0.4673 0.4444 0.7539 1.0524

Inducedelectricfield
strength/(mV·m-1)

Adult 67.5490 50.6977 76.4098 55.9729

Child 65.0722 43.8150 53.6274 54.4371

Table6 Maximummagneticinductionintensityandinducedelectricfieldintensityofbraintissuesections

Parameter Type
Position

Leftrearseat Centralrearseat Rightrearseat Co-pilot

Magneticinduction
/μT

Adult 0.0861 0.0883 0.1299 0.1774

Child 0.1450 0.1442 0.2462 0.3458

Inducedelectricfield
strength/(mV·m-1)

Adult 1.7791 1.9150 2.7102 3.3306

Child 2.0451 2.0046 3.5844 4.9741

 Ascanbeseenfrom Table5,the maximum
magneticinductionintensityofchildpassenger’s
bodyisslightlylargerthanthatofadultpassenger
whentheysatinthesameposition.Themaximum
valueoftheinducedelectricfieldstrengthislessthan
thatoftheadultpassenger.Moreover,asthe
distancebetweenthepassengerandthechargingcoil
increases,themagneticinductionintensityandthe
inducedelectricfieldintensitygeneratedinthebody
decreased.Itcan beseenfrom thecomparison
between the maximum value of the magnetic
inductionintensityandthemaximumvalueofthe
inducedelectricfieldintensityinthebody.Dueto
thedifferentdielectricparametersandsizeofthe
bodybetweenthechildandtheadult,theintensityof
themagneticinductionintensityinthebodyishigher
thanthatoftheadultpassengerssittinginthesame
positionwhilethedifferenceofinducedelectricfield
intensityissmall.
 It can be seen from Table6 that the
electromagneticexposurevaluesofpassengerbrain
tissuesareallbelowtheICNIRPthreshold,andthe
maximumvalueofthemagneticinductionintensityin
thebraintissueofthechildpassengerisabouttwice
thanthatoftheadultpassengersittinginthesame
position.Atthesamelocation,theintensityofthe

inducedelectricfieldinthebrainofchildpassengers
isgreaterthanthatofadultpassengers.Moreover,
asthedistance betweenthepassengerandthe
charging coilincreases,the magneticinduction
intensityandtheinducedelectricfieldintensity
generated in the brain tissue decreased. All
calculationresultsshowedthattheelectromagnetic
exposuredosetochildpassengersisgreaterthanthat
ofadultpassengers.

4 Conclusions
 Thisarticlemainlystudiedtheelectromagnetic
exposuredifferencebetweenchildpassengersand
adultpassengersduringwirelesschargingofelectric
vehicles,calculated the child’s body dielectric
parameters, and simulation calculations were
performedintheCOMSOLsoftwaretocompareits
exposurelevelwiththatofadults.
 The child passenger suffered the largest
electromagnetic exposure dose in the co-driver
position.the distribution of magneticinduction
intensityinchildren’sbraintissuesisrelatedtothe
positionoftheridingpositionandthepositionofthe
wirelesschargingcoil.Asthedistanceofthehead
fromthecoilincreases,thevaluesof magnetic
inductionandinducedelectricfieldintensityare
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decreasing.
 The electromagnetic exposure dose of adult
passengeristhelargestwhenitisintheco-driver
position.Themagneticinductionintensityinthe
bodyandbraintissueofthechildpassengeristwice
ormorethanthatoftheadultpassengeratthesame
position,whiletheintensityoftheinducedelectric
fieldisnotmuchdifferentfromthevalueoftheadult
passengeratthesameposition.
 The magneticinductionstrengthandinduced
electricfieldstrengthofchildpassengerandadult
passengerdonotexceedthelimitsspecifiedofthe
ICNIRP standard. Due to the incomplete
electromagneticparametersofthechildren,more
extensiveresearchisneededinthefuture.Duringthe
wirelesschargingprocessofelectricvehicles,itis
recommendedthatchildrendonotrideinthecar.
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电动汽车无线电力传输对儿童和
成人电磁辐射的比较

康海霞

(兰州交通大学 光电技术与智能控制教育部重点实验室,甘肃 兰州730070)

摘 要: 为研究儿童乘客与成人乘客之间的电磁辐射差异,以验证儿童乘客的安全性,在85kHz的工作

频率下计算出儿童乘客身体的介电参数,使用有限元模拟软件COMSOLMultiphysics建立了电动汽车模

型、充电线圈模型、儿童乘客模型和成人乘客模型。当儿童乘客和成人乘客分别坐在汽车的4个不同位置

时,分析在身体和头部产生的磁感应强度和感应电场强度的分布,以及儿童和成人的大脑电磁暴露值之间

的差异,并将其与设定限值进行了比较。实验结果表明:当乘客在副驾驶位置时,受到的电磁暴露最大。同

一位置儿童的电磁暴露水平略高于成年人,并且两者的磁感应强度和感应电场强度均远小于设定的公共电

磁暴露推荐值。
关键词: 电动汽车;电磁辐射;儿童模型;无线充电线圈;有限元方法
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