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ABSTRACT

According to the self-excitation doubly salien@reter’'s braking torque equation and dynamic equatits braking
torque model and the vehicle’s dynamics model camdilt using Matlab/Simulink. The simulation résushow
that the relationship of automobile braking torgescitation current and retarder speed, and tha Hariation of
vehicle deceleration rate. This method can optintiee control system of retarder, as well as canuked as
auxiliary means of verification of doubly salieetfsexcited retarder design.
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INTRODUCTION

As an auxiliary brake device for automobile, retari$ independent of brake system of automobitgiém, and the
most extensive application is eddy current retar@ampared with the traditional hydraulic brakingstem, the
eddy current retarder has obvious advantages: ootact braking, no mechanical wear, eliminatingkbraharp
whistle greatly, and share most of the braking lofdhe vehicle, thus improving driving safety gigaand
reducing traffic accidents. Self-excitation doulsijlient liquid cooled retarder is a new vehicleibany braking
device, as a kind of eddy current retarder, ancethee many advantages, for example, the brakimgéo smooth
braking, energy saving and environmental protectenmd it can real-timely adjust brake gear by aijgsthe
excitation current, so that the brake is more céanpland comfortable, and will have extensive mapkespect.

This paper mainly studies the self-excitation dgufdlient retarder and its kinematics moedahd establish Self-
excitation doubly salient retarder braking model MTLAB/Simulink. Considering the road grade andhige
loading conditions, we can optimize the controltegsof retarder excitation current with PID algonit, by analysis
of the basic law of vehicle deceleration brake.

EXPERIMENTAL SECTION

Doubly salient self-excited retarder sets its brasi and generator’s armature winding to the rotord sets eddy
current body and the generator's excitation windimghe stator, (Fig.1) The braking torque is atdjdsby the
current of generator static excitation windings [1]

During self-excited retarder working, the contrabdmle provides current to the exciting winding loé tgenerator,
and electromotive force is produced on the rotatingature winding. It provides voltage to retardeil, resulting
in possessing current and magnetic lines of forceetarder electromagnetic iron core. When magtietcis cut by
stator, eddy current are generated on the inndaciof the stator, and the torque which workstenautomobile
drive shaft hinders the motion of the rotor, thesulting in the brake torque on the car.
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Fig.1: Doubly salient self-excited retarder

To make sure doubly salient self-excited retardenradrelatively low temperature, the heat on thtostpasses the
coolant pipes, circled with the engine coolingdluControl module to adjusts the excitation curretarder making
different gears and excitation current by PWM, mley to achieve the continuously adjustment of kheking
torque. When the retarder braking control moduledné& to work, the module will cut off the excitati current
loop, and retarder rotor won't possess the magfietoe line. The inner wall of the stator won't lea@ddy current
and the braking torque either.

The total barking power of doubly salient self-¢adiretarder is comprised by the retarder barkimggy and the
generator barking power, so the total barking posfetoubly salient self-excited retarder is:

b= 3B°D’a’w’bah | r+U,l,
(a+b)p n 1)

Type:B is the air gap magnetic induction intendiy@ is the retarder stator inner radius(m);a is #@guivalent
length of retarder rotor electromagnetic iron corg( is the equivalent width of retarder rotoroflemagnetic iron
core(m);» is the angular velocity of magnetic field variatjad/s);o is the electrical resistivity of the rotor’s iron
core;h is eddy current effective depth; | is theietion current input retarder power device(A)s the reluctance
constant generator’s excitation windingsy, n is the rate of the effective use of the generptaver;U1 is the value
of the retarder generator’s rated output voltageevdV); |, is the value of the retarder generator's rategwut
current value (A).

We set that T as the barking torque of the retafidem), @ n as the rotor angular velocity (rad/s), and R=&n ,
therefore,
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Type: NP is the number of the magnetic pole pairs;is the retarder speed(rad/gf,_ N pa)“; o is the electrical

1

conductivity of rotor(s/m); O :u is the permeability of the rotd‘r{z HiHo (H/m) ',u, is the relative

permeability of rotor,u 0 is the vacuum permeabilityy 0=4X n X 10-7 H/m; K is the conversion coefficient; N is
the number of winding of a single excitation cdiljs the length of the air gap (m).

From the (2), the calculated T is the maximum bagkiorque of the doubly salient self-excited re¢arddnce the
barking torque determined, we can calculate theevalf I( the excitation current of the excitationnding of
retarder power device), and also can determine sti&excitation retarder’s excitation current. $mttthe
relationship among the self-excitation retardeiitation current, rotor speed and barking torqueloaestablished.

Based on (2) to (3), we set the excitation cureamt the rotor speed as inputs, and the brakingi¢oag output, the
module of the air gap magnetic induction intenBitis set up by MATLAB/
Simulink [2], as shown in Fig.2.
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Fig.2: Themodule of air gap magnetic induction intensity B

After encapsulating the module of air gap magnietittiction intensity B, we can get the module of blgusalient
self-excited retarder barking torque according?ip &s shown in Fig.3.
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Fig.3: The module of the doubly salient self-excited retarder braking torque

The module of movement
For the module of movement, this paper mainly aters the retarder’s braking performance at theitondhat
the way is downhill. When the vehicle is on thed@d gradient of , the driving force of the vehicle acceleration
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is the force component of the gravity along theps|ausually called the ramp down)(®hen retarder is working,
based on the vehicle’s kinematics analysis, weotdain the kinematics equation of vehicle.

Fo =F -F —-F, —Fg )5

Type: F, is inertia force when the deceleration of the ®leh{N); F, is the automobile rolling resistance (N¥;,

is the automotive air drag (N is the retarder instantaneous braking force (N).

F, = CV?, that C is the wind resistance constaNt,s the car's speedt, =mgf , thatm is the quality of the

car, g is the acceleration of gravity, is the road resistance coefficient, so the brakinge retarder is:

F., =mgsind - mgf —Cv® - m%
< T _3B°D’a’N, w, bAh  1°r +U,l, (6)
" R (a+b)ow R nw, R

According to (6), we can see the doubly salienfteetited retarder barking torque is not only assed with the

performance of retarder itself, but also had aecledationship to the vehicle’s quality. Under #féect of the

barking torque (T) and the road slogé(vehicle can change the speed and we can ob&imdidule of movement,
according to the relationship, as shown in Fig. 4.
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Fig.4: The module of the vehicle movement

Based on the value of current Id excitation cadlloly salient self-excited retarder’s controllevides barking gear.
We can control it by the way of controlling of thalue of generator stator excitation current. s gaper, using the
PID control strategy, we can control the brakingjte of retarding through adjusting the value dfitation current

of self-excited retarder[3], and regulate the sp&fatie vehicle, as shown in Fig. 4.
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Fig.5: The module of controlled doubly salient self-excited retarder by PID simulation resultsand analysis

RESULTSAND DISCUSSION
It is obtained that the relationship between spam®dl barking torque, as shown in figure 6, throughutating the

module of the doubly salient self-excited retartbarking torque. The equivalent length of the retartbtor
magnetic core is 100mm,and the equivalent widtthefretarder rotor magnetic core is 30mm, andnheriradius
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of the retarder stator is 442mm,and the magnetiespis 6,and the air gap length is 1mm,and the eabitity of
vacuum is 4t x 10-7,and the conductivity of rotor core is 7x19r8. Because that the gear distribution of retarder
barking force is uniform, it can be adjusted ttnet tetarder barking torque through changing theevaf 10A, 20A,
30A of excitation current[4].
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Fig.6: Retarder brake performance under different excitation current

Setting the simulation object is the BT-5313VNCJXit8k of Beijing FuTian Motor Limited Company, tkehicle

performance test which installs the retarder that paper introduces is test. The main technicedrpaters of the
vehicle is that the no load weight is 14T, andttteeradius is 0.552m, and the transmission ratié.8.If the vehicle
drives on the ramp of average slope of 6% by chlantiie value of braking torque, we can simulatentioglule of

vehicle movement as the figure 4, and can obtarsitmulation results of different gear [5].

The vehicle's speed v (m/s)

The time t (s)

Fig.7: Therelation of speed and time under different gear

From the analysis of the simulation results, trghér the speed is, the bigger the barking torquanid the greater
the current is, the bigger the barking torque isnfrthe velocity-time curve at three gear caseaiit be seen that the
bigger the gear is, the shorter the braking timéniether words, if you want to quickly brake, ywill increase the
braking torque. The simulation results reflectdletual situation of retarder.
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CONCLUSION

In this paper, through analysis and processingp¢ontodeling, simulation and data of braking systdmch install
doubly salient self-excited retarder, meanwhilenudation the retarder dynamic system, it is obtditieat the
relationship between braking torque and speed uhéedifferent excitation currents. The researah lva used for
design reference of automotive electric eddy cunretarder.
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