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ABSTRACT

This paper introduces a kind of double claw-pole structure generator for self-excited retarder.Claw pole staggered
on both sides of the rotor,axial magnetic circuit congtituting the N-pole and S-pole magnetic pole.Based on the
JMAG software, we simulated the air gap magnetic field of no-load and load generator, and studied the influence of
armature reaction on the air gap magnetic field. Through the analysis of magnetic flux leakage of the generator, and
the optimization of correlation structure, we drew the relationship curve about the structure parameters of the
no-load motor and magnetic flux leakage coefficient, the conclusion we obtained will provide theoretical reference
for the further research and optimization of this kind of motor.Finally, the no-load characteristics and load
regulation characteristics of the motor were given, and it turned out that it could meet the required excitation power
for self-excited retarder.
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INTRODUCTION

Self-excited type car retarder as an auxiliary brdkvice for automobile energy saving, environmigmtatection,
and high efficiency, has a good application prosfilHc As an important part of the retarder the gyamor’s working
stability and reliability are essential for theamter. During the research of the electromagnétigid cooled
retarder in recent years, the author put forwakind of self-excited retarder structure which egug claw pole
generator. Based on this generator structure, malated and calculated the air gap magnetic fi¢lthe no-load
and load generator by taking the three dimensianabeling and finite element analysis with JMAG, a
electromagnetic simulation software; and we alsdist the magnetic flux leakage problem by the yamiglof the
influence the structural parameters of the motortlem magnetic flux leakage. Finally, we took themewical
simulation of the no-load characteristics and loegulation characteristics of the generator, tisailte showed that
the motor meet the required excitation power ferghlf-excited retarder.

Construction principle and physical design of a generator

The schematic diagram of the self-excited retavdér a claw pole generator is shown as in Fig.2gpe refer to
literature [2] about the operating principle ofareter). In the retarder, after the full-bridge iféett, the three-phase
AC that generator had generated provides the redj@kcitation current for the retarder, in resthg retarder has
no need to achieve self-motivation by taking porem the car battery. According to the retarderhtécal
parameters, we get the basic parameters of theajenehe generator output powerR.2kw, setting retarder load
resistor R = 8, the DC output voltage U in the automotive trarssiain is not less than 90V when the number of
revolutions n = 750rpm. Claw pole generator profdasehis paper is constructed of the retarder keacclaw-pole
rotor, stator core and the excitation coil. As shawFig.2 and 3, this structure has no additi@abap, compared
to the claw pole generator [3] of a normal carhas higher electromagnetic utilization rate as vasllhigher
reliability, therefore, it can realize a brushlessstruction.
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The designed parameters base on working conditibtige claw-pole generator are shown as in Tab.1.

Table 1 parameter s of Claw-pole gener ator

Power Voltage Stator  outer Stator inner Rotor outer Gap
/Kw N diameter/mm  diameter/mm  diameter/mm length/mm
25 100 318 278 276 1
Number length of Number Number Pole Pitch
of Unilateral  of of conductors arc coefficient
grooves  armature poles per slot
/mm
36 70 12 15 0.78 6

Three-dimensional electromagnetic field smulation of generator

Based on JMAG, a kind of finite element simulatsoftware, we conducted the modeling and simulafiwrthe
generator. As the structure of the claw-pole gdneia this paper is extremely complex and irreguiae magnetic
circuit presents typical three-dimensional magnfitilc characteristics. For there are three comptax, Ay, Az
in the three-dimensional electromagnetic field @ech, so the finite element method in three-dimenal
electromagnetic field is much more complex thamirch planar electromagnetic field.

Magnetic field in the motor can be regarded asral kif three-dimensional constant magnetic field] #rus the
field satisfy the following Maxwell equation:

AX (vAxA)=]()

Ay Jx v, O 0
Where, A = |4y, J=||,v=(0 v, O
AZ ]Z 0 0 vz

Spread out formula (1) , we can get the following three partial differahg&quations.
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Similarly, according to the definition of vector the three components Bx, By, Bz of the magnetiuation B can
be written in the following form:

04, 04y

{Bx = ay 9z = Azy - Ayz
04, 04,
By =E_E=AXZ_AZX (3)
0A 0Ayx
BZ :T;_E_Ayz_Axy
Flux densityBg:

Bg = /BZ + B}+B? (4)

Further three components of the magnetic fielchgtite H can also be expressed by these forms:

H, =v,B, = vx(AZy - Ayz)
H, =v,B, = v,(Ay;, — Az) (5)
H,=v,B, = vZ(Ayx - Axy)

Under the given boundary conditions, with the abpagial differential equations, we can get vediat any point
within the magnetic field, put the value of A irttee formula (4), we can get the flux density of poént.

The magnetic field of the no-load claw pole motor

A no-load claw-pole motor means that the armatureent is zero, or very small and therefore it barignored. As
the armature current is zero, the claw-pole magrfeid inside the motor is only generated [4] bg tmagnetic
motive force of the field winding, as shown in Fg.

By means of building networking model with a satidel of claw pole generator and solving this matdedugh
electromagnetic three-dimensional finite elemem¢udation, we can get all of the magnetic fieldtdisution [5].
Fig.4 shows the overall mesh; Fig.5 shows the géneotor (not including air and windings) flux dégs
distribution; Fig.6 is a general motor magnetiddfieector density distribution.
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Fig.4: mesh of generator Fig.5: magnetic cloud of generator Fig.6 flux density vector of rotor

From Fig.4, Fig.5 and Fig.6, we can see the magfietd distribution of the no-load claw pole geaier. The axial
exciting magnetic flux of the rotor turns into rabdéxciting magnetic flux of air-gap magnetic fighkdough a special
structure of claw pole. Magnetic field generatedtbg coil form a complete magnetic circuit inside tmotor,

achieved N, S poles alternation through the clalg-po

Magnetic field and armature reaction of loaded claw pole generator

When the claw pole generator is on load, there élcurrent flowing through the armature windirgsg then the
armature will produce magnetic motive force. Asttime, the air gap magnetic field is constructéith \wlaw-pole

magnetic motive force and armature magnetic mdtivee. The influence that the armature magneticvadorce

on the main magnetic field becomes armature rea¢tip Study the influence that armature reactiartlee air-gap
magnetic field by taking a gap plane in the air,gepmpare the changes on flux density when the gale
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generator is on load and without load, as a re¢lét, claw pole generator armature reaction willreflected
qualitatively. Take the no load and a purely régistoad when the rotor and stator are at the gawsdion and then
simulate the magnetic flux density waveform, asrghn Fig.7.
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Fig.7 air gap magnetic density of claw-pole generator

As shown in Fig.7, when the generator is on lohad dir gap flux density waveform will become abetreompared
to no-load generator. When on load, the air-gapretg induction of the main pole is determined hg synthetic
magnetic motive force that generated by both theature winding and the field winding. Due to théluance of
the armature reaction, armature winding will praglacseries of odd harmonic electromotive forceamdents, and
then the voltage waveform will become aberrant,antiiss will increase, resulting in fundamental #tode of the
air gap flux density becomes smaller and wavefoistoded.

Numerical analysis of magnetic flux leakage coefficient

The generator of claw-pole type structure usuatly bome defects such as low efficiency, large gnlerss, and
poor generating capacity when the speed is lownimalue to the negative impact brought by the mtgrflix
leakage. In order to improve and enhance the outparacteristics of the generator, especially thedpeed output
characteristic, it is necessary to quantitativelglgze the negative impact brought by the magrikticleakage [6].
The following analysis will be focused on the matiméux leakage problems of claw-pole generatag.& clearly
depicts the internal magnetic field direction iresitie claw pole generator, it can be seen thatndgnetic leakage
flux of the claw pole rotor is very complex, geribraan be divided into: (1) leakage flug,; in the closed space
from the root of two claw poles to the stator caof@} the leakage fluxd,, between the two claw-pole outer
surfaces; (3) The leakage fluk,; in the space from the rotor yoke to the excitatioih.

Fig.8leakage flux distribution of claw-pole generator

The total magnetic flux of the claw-pole generabgdexcitation is®,,,, the main magnetic flux through the air gap
is®. Then

¢m=¢+¢01+¢02+¢03=0¢ (6)

Where ¢ is the magnetic flux leakage coefficient.df is too large, the design will be not economicaigble, and
will have adverse effects [3] on the operating abtaristics of the motor.

Where the analysis will be focus on the influerfoe $tructure parameters of the no-load claw poteiggor on the
magnetic flux leakage of the motor, these paramétetude: the inner diameter of the stator, therrdiameter, the
effective length of the stator core, the statorwclpole tooth width and thickness of the base. Tihke

three-dimensional finite element method to solve #6 motor model, periodic boundary conditionstlie

symmetry plane meet:

B.(r,p + Ap,—z) = =B.(r, ¢, z)
B,(r,o +Ap,—z) = —B,(r,9,2) (7)
Bz(r' @+ A(p' _Z) = _Bz(r' ®, Z)

Where Br, Bp, Bz——magnetic induction B in the cylindrical coordtes of the three componentspr,z are
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components of an arbitrary coordinate systewp; is a polar angle.

We can get the generator field after a series afgqams such as modeling, meshing, loading, solving,
post-processing etc. Fig.9 is the magnetic fieRlritiution of the no load motor obtained by magngéctor finite
element method.

Fig.9 no-load magnetic field of generator distribution

By changing the different structural parametershefclaw pole generator, and then calculate thenetagfield of
no load generator, we can get the total flux aridcéf’e magnetic flux of each pole, further we @pet leakage
coefficient of no load claw pole generator.

Fig.10 shows the influence of the inner diametethefstator on the leakage coefficient of the gehe generator.
We can see that with the increases of the innenelier of the stator, the air gap increases, ttad toagnetic flux
and effective magnetic flux of each pole decreasde the leakage coefficient increases.
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Fig.11 rotor outer diameter and magnetic flux leakage coefficient curve

Fig.11 shows the influence of the the outer diameteotor on the leakage magnetic coefficientshef claw-pole
generator. We can see that, with the increase efotiter diameter of the rotor, the air gap deceate total
magnetic flux and effective magnetic flux of eadbepincrease, while the leakage coefficient de@gas

Fig.12 shows the influence of the the root thickneEthe claw pole on the leakage coefficient & thaw-pole
generator. We can see that, with the increasebeofdot thickness of the claw pole, the total méignéux and
effective magnetic flux of each pole increase, witile leakage coefficient almost remains unchanged.

Leaknge costficient

8 9 10 1 12
Claw-pole oot thickness/mm

Fig.12 root thickness and magnetic flux leakage coefficient curve
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Fig.13 stator tooth width and magnetic flux leakage coefficient curve

Fig.13 shows the influence of the a stator toottitlvon leakage coefficient of the claw-pole germrat/e can see
that, with the increases of the stator tooth widlie, total magnetic flux and effective magneticflf each pole
increase, while the leakage coefficient decreases.

Fig.14 shows the influence of the effective lengttthe stator core on leakage coefficient of claslepgenerator.
We can see that, with the increases of the effedémgth of the stator core, the total magnetiz #ind effective
magnetic flux of each pole increase, but the lealagfficient decreases.

Leakage cocfficient

23 24

25 26 21 28
Effective length of
the stater core/mm

Fig.14 stator core length and magnetic flux leakage coefficient curve

Take an overall consideration of the figures frotnt@ 14, we can draw a general rule by the chandeakage
coefficient that the motor leakage coefficient sbopositive growth relative to the inner diametertloé stator,
negative growth relative to the outer diameterhef totor, stator tooth width and the effective kngf the stator
core, the root thickness of the claw pole almost t@ influence on leakage coefficient. The above puovides a
theoretical basis for the structural design of efaole generator, electromagnetic field calculam optimize the
structural parameters of claw pole generator, tiimgs theoretical reference value.

No-load characteristics of generator and load regulation characteristics
No-load characteristics of the generator and |le@gailation characteristics are respectively showm d3g.15 and
Fig.16
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Fig.15 no-load characteristics Fig.16 regulation characteristics

The numerical simulation of the no load charactiessand load regulation characteristics of theegator verifies
that the design of the motor meets the technicplirements and job requirements of retarder wheratiiomotive
transmission revolutions n = 1000rpm, excitatiorreut | = 20A, the DC output voltage>kL0OOV.

CONCLUSION

1)The analysis of the internal magnetic field and nadig path of the claw pole generators verifiedfdasibility of
the design.

2)We took the three-dimensional finite element mettmdimulate and analyze the magnetic field ofdiasv-pole
generator, studied the air-gap magnetic field efdah-load and load motor, the results reflectedd#freagnetization
effect of armature reaction to the generator.
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3)By the leakage analysis of the motor and the optition of related structural parameters, we dregraph

showing the relationship between the structurahpeters and motor leakage coefficient, finally oletd a general
rule. Namely, the motor leakage coefficient showeditive growth relative to the inner diameter bé tstator,
showed negative growth relative to the outer di@mef the rotor, stator tooth width and the effeetiength of the
stator core, the root thickness of the claw pateosit had no influence to leakage coefficient.

4)The simulation results showed that the design hreetdchnical requirements of the motor, the DC wutpltage

U > 100V, compatible with the theoretical analysigha first section, met the requirements of retaedet proved
the feasibility of the design.
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