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Ahstract © This paper deals with the determination of paratmeters i the motor module of wehicle sitdlator. In the general
wehicle sitroalator, the traction motor of Hybeid Electric Vehicle is defined by efficiency map, madroam torgqaefspeed curve and
so forth, Thae to the prevalence of Titerior Permanerst MWagnet Smcheonous Wotor (IPLEEND, this paper mainby fomases on the
calmidation of efficiency map of FMWEM considering magnetic nonlineartty. Firsthy, by means of mamerical methods, the
inchactance and iton loss resistance are calmilated. Next according to ecusralent citoads, the motor characteristics tclhuding
speed, torgque ad efficiency are trvestizated. Finally, the calmilated efficiency result iz werified by the experitment data. And all
patatneters are oaded and ingilemerted i ADVISOR which iz an achranced wehicle sittalation sofberare for testing
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1L INTRODUCTION

These years, Hybrid Electric Vehicle (HEV) and Fuel
Cell Vehicle have been paid more attertion becasse of the
etrvitcrunental and economic benefits. In their design
process, howewet, due to the complex integrate system, it
iz difficult to  determine the specification of each
compotett ad estitmate the overall performance. Bazsed
of these difficulties, mary wehicle simulators were
developed by instiites and compandes. Such as a wehicle
sittidlator called ADVISOE, it dose not only offer the
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practical wehicle and components model for selection, bt
alzo support selftspecified parameters of each componerts.
Despite thete hawve been matyy literabares [1] to stroduce
the establishing methods, none of them mentions how to
estitnate the required parameters. Therefore, this paper will
foous on the determination of parameters of motor module
used it general vehicle simulators. Owing tothe prevalence,
the Interior FPermanent Wagnet Syochwonous  Motor
(IPMIENT iz chosen as the anabysis and sitoslation model.
The parameters of motor module employed in wehicle
sittidlator  mainly  are  efficiency map,  maximom
totuefspeed curve, mass of motor and inverter, moment of
inertia and so o Here the efficiency map and maximom
totuefspeed ourve are the domdnant factors, which require
an accurate atd relattrely easy estimation method to get
them. This paper presents a series of methods, which
cotwsists of Finite Elements Analysis (FEA) and equivalent
citcuit analysis. The FEA iz used fo caloulating the
notlinear paratneters sach as d- and g-ads armature zelf
indactance and iron-loss resistance. And the equivalent
analysis  takes calmilating  the

characteristics including the maxnoim torguefspesd muves

citcuit chatge  of



and efficiency map with these nonlinear parameters.
Finally, the calmilated efficiency map i compated with
the measured regults to verify these methods. And the
total calmalated paratneters ate loaded and implemented in
ADVIZAOR for testing,

2. MOTOR SIMULATION MODULE IN
GENERAL VEHICLE SIMULATOR

Dae to the complicatiory, the wehicle simulator system
usually focuses on power transmission and distribotion
tather than transierd data of each component. Be a patt of
thizs gystemn, the traction motor modsle hence ds
established based on efficiency map of motor and
cotittoller [2]. In the motor module, the efficiency map
usually i corrvetted to a 2-D look-up table, and indexes it
wia torgque and speed. The general implement process of
this motor modle is:

-Step 1: inguat recairemernt of torgue and speed;

-Step 20 calewlate possible torgue and speed according
to mad moam torguelfspeed characteristics;

-Step 30 caleulate recuired irput power according to
efficiency tmag,

-Step 4 compare requited power with available power.
If the requited iz larger than the available, the available
totgue is o, Otherwise, the required torgue iz outgat,

I addition, in order to describe the dynamdc of motor,
the moment of inetia and mass of motor are reguired. And
the motor controller module needs maimum currert and

irniran voltage.

3. ANALYSIS MOTOR MODEL

3.1 Motor Specifications

In this paper, a 12 oo soft-type [PMEM which is
desizned to be traction motor in a patallel-type HEY is
atalyzed. The specification of this motor iz described in
Table I. The half cross-section of this motor is showing in
fig. 1.

3.2 Equivalent Circuits and Equations

D1 the basis of Clatk-Fark theory, 3-phase AC motor
usually s transformed to 2-phase dog model. The
equivalert ciroiits of d-g model of IPMEM ate shown in

Fig. 2 [3].
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Specificatiors of TPWVISH
paratneters Walues

stator outer diameter 270.0 mm
rotor outer diameter 195.0 mm
rotor stack length 35.0 frn
atr gap length 09 rmn
size of permanent magnet | 14 2z4 8235 | mm’®

munber of poles/ slots 1/ 24 -
DC link Voltage 130 W

material of won i3 -

Fiz. 1 The half cross-section of the analyzed motor model

Based on the equivalent circuits, the [PLIEM dynamic
mathematic model is described ey (13-030.
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where, ya iz the flux linkage generated by permatend
magnet, Ld is d-axis inductance and Lo is o ads
itvhactance, Fa iz atmature winding resistatice per phase,
atd Pn is pole pair mamber. Additionally, the copper loss
atud iton loss ecuations with d-g carrent and frequency are
described in () and (5.
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4. PARAMETERS CALCULATION USING
FEA

4.1 Inductance Calculation

In this paper, the inductance calmalation method is
bazsed on a symcheonous d-g frame of referenice as shown
inn Fig. 3, which is used to describe the vector relationship
of motor parameters. In Fig 3, it is observed that there are
the relationships as expressed in (8) and (7).
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where i iz the flux linkage generated by permanert
magnet and excited armature winding The process to
caloalate the Ld and Ly in FEA iz listed as follow:

-Step 1: For the different cutrent and ourrent phase
atigle, the permeahbility of each elemert iz calowlated and

saved at operding point i nonline ar analysis,

-Step 2: Betting the wa to zero and using the perme ahility
obtained in Step 1, the linear tmagnetic analysis is
petformed. Here the murrent phase angle is fixed at 0o in
the d-axs inductance calomalation, and at Oo in the g-ads
inndhactance calculation. The magnitude of phase current is
setto 14 for non-saharation caleulation.

-Step 30 The phase mdoctance s calowlated by the
effective inductance equation which iz defined as twice the
eneray stored in the magnetic filed divided by the square of
the murert it the device winding, According to the Clark-
Fatk Transformation, the d- and geads inductance is 273
times of phaze inductance, which iz described in (2).

2( 2,
bete = 5[ Iz ]

whete Ws iz the stored energy obtained in d-ads
itvchactance caloulation of o-axis inductance caleulation in
Step 2.

(&)

4.2 Iron Loss Resistance Calculation

The domdnart loss in IFWEL usually consists of copper
loss, iton loss and mechanical loss. The copper loss is
deterrminied by coil resistance which is constant in a given
temperatare. [n this papet, the phase resistance is calouldted
by the condoctivity and  the with
cotsidering turn mamber and parallel cirewit. And the

wire geomettic
mechanical loss is assumed to be 1.3% over the motor
outpt according to [EEELLZ.

The iron loss usaally is separated irto two componetts:
the hysteresis loss Phoand eddy currert loss Pe, both in
WikLz as shown in (%) [4].
F=E+P=kBr+k f'E (9

Usially, there ate harmonic components in cosrend
waveform, And hence, same frequency componerts are
cassed in flux density, However, (%) ondy can be used for
sitmzoidal vatiation. In this paper, an improved method
which consists of Time-stepping FEA  and  harmondc
analysis iz used to caloalate iron logs,



4 3 Time-stepping FEA
Iy order to take itto accourt the hatmondc componends,
the temporal and the spatial variations of magnetic flux
detsity should be obtained. Time-stepping FEA can be
used to analyze the magnetic flield and obtain the
digtritngtion of flux density in time and space. The
goveming equdtion for 2-D FE model analysiz is given as
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where Az is the 2 component of tagnetic wector potendial,
His the permedbdity, oisthe conductivity of the materials,
atud IO is the excited marrent density of the stator winding,
Duae to the wbknown J0, the volage ecuation of phase

wituding (117 is necessary.
dl, di,
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wherte Le is the end-coil inductance which is especially
used i 2-D FEA, Adbe iz the flux linkage which can be
caloalated by (100, In this paper, the time step is fixed.
And according to a sitmsoidal curve, the input voltage is
defined at each time step.

4 4 Harmonic Analysis

After obtain the flux density of each elemend, the
frecuency and amplitude of each harmonic component
should be analyzed. In this paper, the Discrete Fourier
Tratsform (DFT) is used. [t can be expressed as

M1
B (k)= B, ()
ne=l

(12

whete k is the harmonic order, I iz the number of the
discrete data, Bplik) iz the amplitude of magnetic flux
density of the kth harmonic, and Byl is the magnibade of
the poitt o (n=0,1,2,.. . H-1)

When the frequencies and amplibades of magnetic flux
detisity at each elemert are obtained, depending on them,

the iton losses at each element are caloalated from at iron

loss data sheet that iz tested by the Epstein test apparatus,
Ther, sum the results of all hartmotics and all elements, the
total iron loss can he obtaited. The flowchatt of this
caloalation process is described in Fig, 4.

4 5 Equivalent Resistance Calculation
At the end, the iron loss equivalerd resistance iz

caloulated by (13)

1
]

R

=

R =
(13)

where v iz the terminal voltage o base speed and no-
load condition. And the iron loss resistance 18 36.5 Chm in
thiz calmalation.
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Fiz. 4 Flowchart of rom loss calmilation prooess

5. CHARACTERISTIC ANALYSIS

The IPLIEM using i traction system vsually is operated
ity Mlaxisvoum Torgque per Ampere (MTPA) control method
atud flux weakening corteol method. Although there is the
cottesponding equation for each control method [3], the
characteristic anabysis iz much difficult to be done with it
due to the nonlinear inductances. This paper proposes a
cotputer  aided  method  which  uses  the
cotmputation and loop condtion to calodae the motor

iteratiof



characteristics. Before base speed, the lop condition is the
maxistm toroe and corrent due to MTEA cortrol. And
after base speed, the madmam power iz the loop
cotwdition. Onee loop condition iz satisfied, the calmated
data is stored. The detail process i shown i Fig 5. By
means of this method, the maximom torquefspeed curve
atud efficiency map can be ohtained.
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Fiz. 5 Flowchart of the process of characteristics calmilation

0. CALCULATED RESULTS AND
DISCUSSION

Fig. 6 shows the caloulated d- and geads inductances
profiles. It is obwious that the Ld has not much change in
total curtert distritngion, while the Lo behaves significant
notlinearity and saturation with the wariation of id and ig.

Fig. T shows the characteristics of this IPWMISM. The
efficiency map calolded by the proposed method iz
shown in Fig, 8 (a). Fig 8 (b) shows the measured
efficienicy. It can be seen thet the efficiency values and
distritntions of these two maps are quite simdlar

Based on the ditnension of this IPMWEM, the mass and
itertia also are caloalated in geometsy. Finally, the total

parameters ate saved ina * m file and loaded into

(b
Fiz. & Inductance profiles: (&) g-axis inductance profile; (b) d-axis
inductance profile
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Fig. 7 Characteristics of the TP



ADVIZ0OER., These selftspecified parameters are
sittidlated in a default parallel type HEV. After simulate
the model it an uthan road condition, the operdion points
ity the efficiency map are obtained and showing in Fig. 9.
Hote the efficiency map in generding mode iz simply
cotrvetted from the same data of motoring mode. It iz
obgerved that the most operation poitds distribnate in low
speed atd high toroe region. It implies this motor iz often
usedto be statting torgue assistart.

7. CONCLUSIONS

Thiz paper presents a series of methods for
calculating the parameters of the motor module
which is employed in general hybrid/electric vehicle
sitmilator. In the proposed methods of this paper, the
tnotor paratneters such as d- and g-asis inductances,
tron loss resistance are caleulated in nurnerical
method first. And then, according to the equivalent
citcuit, the characteristics of this  motor are
irvestigated. By means of the comparizon with
experiment results, the walid of these methods are
proved. Finally, the parameters are conveted to a
*m file and mmplemented in ADVISOR, and a
successfial test iz obtained.
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Fiz. 2 Efficiercy map of the IPMIM: (1) analysis data; (b)
expernnent data

Motor/Conbolor Cnomabion - 12EW 1IPRAS8

T I

Speed jpn|
Fiz. 9 Operaton poimts in efficiency map of motor module
emploved in ADVISOR



