$ 415943 Vol4l No.4 I PR AR (AR R
20204 7 H Jul. 2020 Journal of Jinggangshan University (Natural Science) 71

XEHRS: 1674-8085(2020)04-0071-06

SR FEH/1 X %2 %5 3K 5] F 3] 75 Z 2 [m] 4R B BY 52 i

TO0E, B W, kR

CZEHUBBOEBARZE B S PE AR, 28 Jui#l 241002)

8 FE: ExS SR AN BRI AAT R IPE RS2, ASCE SR EESE T I OCHERH (SR) LI 6 40 8 2 77
P, RS L pL % B4R )R, R Sim Power System Toolbox FEHLFE, #5#E T HUALELAL: R )5 FIH
Matlab/Simulink %1, $4E T 3T HOUB AL O HL- AR SR B) 07 LB, JFBEAT 32 50 B AL R I B T 10 4= 1
BB ERHUT B AFFUEE RR ] EE B NG, ES RSN B AR SRR LR,
AT, TEAREEE, DUE N 58 AL R 53 .

KBEIA: AV RIS JFPORHERHLAENL: RS
HPESES: TP276 XEKFRIRES: A DOI:10.3969/j.issn.1674-8085.2020.04.014
EFFECT OF SR MOTOR ON VERTICAL VIBRATION OF IN-WHEEL

MOTOR DRIVE ELECTRIC VEHICLE

* . .
DING Fang, WANG Bo, ZHANG qian-bin
(Collede of Automobile and Rail, Anhui Technical College of Mechanical and Electrical Engineering, Wuhu, Anhui 241002, China)

Abstract: In order to study the influence of SR motor on the ride comfort of hub drive electric vehicle, in this
paper, firstly, the torque fluctuation equation of switched reluctance (SR) motor is established, and according to
the vector control principle of motor, the motor simulation model is built by Sim Power System Toolbox, then
using MATLAB/Simulink software, the mechanical-electrical coupling vibration simulation model is built
based on the motor model, and the vertical dynamic simulation of the vehicle disturbed by the wheel motor
torque fluctuation is carried out. The results show that the vibration of the body and the dynamic load of the
wheel will increase after the wheel hub motor is added, which indicates that the suspension needs to be
optimized to adapt to the torque fluctuation of the wheel hub motor before the application of this kind of
automobile.

Key words: clectric vehicle; hub drive; switched reluctance motor; vibration analysis

FBOLHUE TR s R BN IR 3 B A5 N
RIS, WA, R IEREE . 1%
B B L SRR B A I R BT, PR
e, W fER L S Pyt A T Bk s
TR NS BRI R Bl
HLIKZS, XX HRILIK R R TE eSSy T

ek Hil: 2020-05-07; & HM: 2020-05-13

ke a5k, s LI S
JE R RN B R s Ta] PR A 1,
LSRR VLI T e B RN A R P e
Ko TEARATRUN B AR, (27, TeHE 5%
IR TOL, BRI N HA TR
AR, AT r R R A R R,

FEETH : R AREAE TN H (KI2019A1154); 2 HUE A Him/KFEL(2018ylzy187); LI 4 AU 01T H1BA(2019cxtd087)

RGN * T 95(19867), 4, “HZEHIA, YIF, Wit, FZNFEERDSI. BiaeEETT 7 (E-mail:ahjd2659@163.com);
T B(1980-), L, ZHIEWIA, mIBER, Wit, FENIFEHEREZERRTST(E-mail:ahjdwbo@126.com);
FREOR(1980-), B3, wHOEWIN, mIEdZ, ik, FZNGERBIRE) ELUIT(E-mail:ahjdzgb@ahcme.edu.cn).



72 H LKA AR (A AR R)

GG SIS RE . AUE IS AT AU
R TR O AT 2 L, ek H T
R P FL ML (Switched Reluctance Motor, SRM)fE
BV R BN S LY R, AR
BRIV EAE NN S, 0 Lo Hr T
g BE PR U SR e shond JLE [y iR BN g, BAR
UEAE BB F VA4 TR R w471

1 SR HEH3E5EK s FHRE

SR ALK P 3B 2 B L5 M o s TR T, B T
R PR RS, BT B R . 78
SE TR R PN 2 RN 72k 0 B AR TH #4850 4y
A A CEARIAD FIMIAE, PRt RR A 80
T A = 7 S B F S S ALY 1/ S A TR
HGedl, BE—AHSEUL S AT AL T4 R AH G B (1)
PN AR b, R X R . SR HLMLI & R
TWEOT DA RS FPARL, AL AT DR & 7
O B Se E H A RIR A AR S, HLSp AR AN
PIAHI SR HHLAEERS AR 3D, A A& b
ff) SR HHLE A S shThBe . WA LT JLF
B 6/4 1%, 8/6 8%, 10/8 8%, 23R h=4I. Y
A TAHEHL. XTH A RIS T2
RN, NARZEIERER | s e 7R
THINEH NG T &

R1ELE. BFREESHE

Table 1 Common pole number combination scheme of stator

and rotor
AHEL 3 4 5 6 7 8 9
ETENs 6 8 10 12 14 16 18
PN 4 6 8 10 12 14 16
Hilifh 30° 15° 9° 6° 428° 321° 25°
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Fig.1 Structure and circuit diagram of four phase motor
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Fig.2 The relationship between tangential force and time
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Fig.3 The relationship between radial force and time
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Table 2 Motor parameters

BB Lun K a b R r i T. T
BB 4.95 825 1500 0.001 0.05 0.049 1 4125 6/25

A (4), FIH Matlab/Simulink #4F,
7 SR OHIHLEE ) A Y, sl 4 BoR. ik
PR 40 s, PR R 0.02 s, Hirt AL
T [ sl 0 IR S R W& 5 Pro, ATRLE
SR HUHLAE R BN 7 A B B o BA B B )
JASHAE o

Clock

o Constant3 Addd
Pl 4 SR HiHL Simulink FL
Fig.4 Simulink model of SR motor
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Fig.5 The relationship between vertical exciting force and
time of SR motor
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Table 3 Spectral density of pavement at all levels
G,(no)/(10°m’) ,/(10°m)
R T 20 (n6=0.1 m™) 0.011 mM<n<(2.83 m™)
YRERESLIE] YRERSSLIE
A 16 3.81
B 64 7.61
C 256 15.23
D 1024 30.45
E 4096 60.90
F 16384 121.80
G 65536 243.61
H 262144 487.22
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Fig. 6 Simulation of class B road roughness (vehicle speed:
50km / h)
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Fig. 7 Dynamic model of vertical vibration of 1 / 4 vehicle
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Fig.8 Simulink simulation model of 1 / 4 vertical vibration
of vehicle with additional hub motor
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Table 4 Simulation parameters

ER P13 WA R P13 YIME
LR my (kg) 25 RIEBRJE ¢ (N/(m/s)) 400
FERFE my (kg 200 BN ki, (N/m) 18000

RN my (kg) 20

FAGNIEE & (N/mD 190000 KHEAR - (m) 0.3

BIEBSE ¢ (N/(m/s)) 1600
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Fig.9 Time domain and frequency domain diagram of
vehicle body acceleration without motor
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Fig.10 Time domain and frequency domain diagram of body
acceleration with SR motor
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Fig.11 Time domain and frequency domain diagram of

wheel dynamic load without motor
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Fig.12 Time domain and frequency domain diagram of
wheel dynamic load with SR motor
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