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Abstract: The motor is the power source of the electric vehicle. which can start quickly and control the output torque
accurately by vector control technology. Aiming at the braking problem of the electric parking system of electric vehicles,
This paper proposes an active disturbance rejection control technology to drive the motor to achieve parking. To this
end, the longitudinal kinematics model of the vehicle on the slope is analyzed, combined with the mathematical model
of the motor and the vehicle model, the nonlinear auto-disturbance controller of the electric vehicle electronic parking is
designed, and the closed-loop simulation model is built. The simulation results show that the response performance of the
active disturbance rejection control system is obviously better than that of PID control. Finally, through experiments, it
is verified that the designed control scheme has a good response to the internal and external disturbances in the parking
process, and can realize rapid and effective braking during parking.
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Fig. 2 Force analysis of electric vehicle when parking on slope
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Ouca(k + 1) =0r0a(k) + hba(k), (10)
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Fig. 3 Second-order nonlinear ADRC structure of the position
loop
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Fig. 4 First-order linear ADRC structure of current loop

HLJE A —BrLADRCH] 45 R N PDE% i, Hof 1 52
LA A H AR B g qres 2010 AR 3847 1] 5 L4 FELIREUL N
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P Bh LESOH it qeso K15 £, F T 3050 A 52 I b

T8 Y B ) 2805, wo, we SCRFEJE AR, €
SHED, PATTE, PR hl R L.
4 WTHEEAHIIELRREIE

I K S H A 45 5 5 & 800 kg, 448
M5 09145/710R 12, ZR 58 EIE LN 10, BKEK
200 kg.

4.1 PMSM B Hibiii BT

411 HTEFEAFRRGEBGT

HL 7 3E 4 IPMSM H 042 il 477 A R 4 (&1 5 1
HEFTRS.

PMSM{)j 5 2 1 F: A€ A HLURU, = 220V,
WUEAH IR, = 5.01 A, #UE 1% Py = 3 kW, AUE
e din = 3000 r/min, BUE M E f, = 150 Hz, S 4
& L,=2.65E—2 mH, B4l /&Ly =1.4E—2 mH, &
T HFHR=1.8622 Q, /K BLARBLHE WA, =0.330 Vs,
Wk #ip, = 3; AN J = 0.003 kg-cm?, FHJE &
BB = 0.095 N-m-s, JE4IEO = 5°, A7
BINF B N0 T5 7292 SRR 18] 2501 ms I FEATL
WallE = FAF N AR T, €(68 N-m, 85 N-m). 4§
L A AR T, (68 N-m, 75 N-m, 80 N-m, 85 N-m),
BT TR BPIERR BT R, MR 1PTR.

k1 e FTREARREGATE
Table 1 Orthogonal simulation scheme of PMSM with
the auto disturbance rejection control in the
process of electronic parking

A T PMSM B Hidt i) (19 Simulink 77 24 W% 68N-m  75N-m 80Nm  85Nm
RIS ZERE8 R e, % ELAT T PMISM H iz il ADRC ADRC-68 ADRC-75 ADRC-80 ADRC-85
2R AIPID 2 il 23 75 FEL 7~ 0 22 3 FE 1 B2 FH 280 7 A PID PID-68 PID-75 PID-80 PID-85

Ot | NADRC | =&~ LADRC {— %4 /15— ] i
A bt £~ e “losve bl = |
+ WM [ s |
. . ® LADRC ] .
E Larer =0 _ Ugrer a f | Uprer . i
b dq /| ] ap by
: s
i o, p a, b, c i

-
b, DAt
R PMSM

5 PMSM H Uiz il fi FA A

Fig. 5 Simulation model of PMSM with the active disturbance rejection control
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20 Fig. 8 Motor speed during electronic parking process under
—40 different simulation schemes
,60 1 1 1 1 — 0 1 1 1 1
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t/s i/s ~0.01F IS 001F\ T 68Nm
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. e SR ; -0.03 | — 85 N'm 4 -0.03F —— 85 N'm 7
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Fig. 6 3-P stator current of PMSM in the process of electronic 0051 ] 0051 .
parking process under 68 N-m load —0.06 | ] —0.06 i
- N N N — —007 1 1 1 1 —007 1 1 1 1
H 77 W, ADRCT7 20, FL ML % FE T % Bk 0.00 002 004 0.00 002 004
BR, SRNIRIE, T 2593 /) AR AR, SRR t/s t/s
(a) ADRC (b) PID

THAEABENLICEh SRR A A AR A E 77528

140 T T T T 140 T T T T
120 - B 120 - B
é\ 100 - B g 100 - q
- 80 - 80
Z Z
~ 60r 8N B ~  60F 68N B
E? [— m E? _— m
40 - — 75N-m 7 40 - —— 75 N-mT
20 —— 80 N'-m | 20 —— 80 N'm |
—85N-m —85N'm
O 1 1 1 1 0 1 1 1 1
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Bl 7 AR FT7 ZE B SR A R r A A
Fig. 7 Electromagnetic torque during electronic parking pro-
cess under different simulation schemes

FH I8N [F] # #%  HL F gk R ik R m L, A L
PID# i, ADRCH ] T FEATLFE 36 17 B 0PI, 4
5% i VR B K R D, ZEAR BN 5| I R T AR R
Wl DI, P37 19 204G R, HLmi L R R,
Pem 7R e

19 RT UL, #H L PIDF i, #H A 712, N ADRCH%
A1) A 2400 1) VR R K B8 s o, HL BRI R I 2
RGN, PR

691 15 .45 S 34 3K W], ADRCH il LLPID#%
A1 7 38 EE R BRSO K IR EE B R N, R
CEAL A S LR

K9 AR FT7 S0 B B4 e TR RS
Fig. 9 Slip distance during electronic parking process under

different simulation schemes

4.1.3 ADRC5PIDHUHRBCERNT 4

R FE ML 38 R e VR B S 1 L T, B ML
BUNT4 ominc N EIRES, B2 H R th 2 Mk =
. RO S TR B W 2.

2 AR AR TRE SRR K R,
BT R RAR R R AR K G IR
Table 2 Maximum negative vehicle speed, slip time,
maximum overshoot speed and maximum
slip distance during electronic parking pro-
cess under different simulation schemes

RIE  ROKMERE TR RN KR
kS (rmin~Y) WA/ (eminTt) #E B /m
ADRC-68 —607.9 0.020 0.52 0.035
PID-68 —-797.5 0.022 62.4 0.042
ADRC-75 —727.5 0.022 0.28 0.039
PID-75 -918.4 0.023 66.4 0.047
ADRC-80 —802.4 0.025 0.40 0.045
PID-80 —1015.5 0.038 41.8 0.054
ADRC-85 —872.3 0.035 1.4 0.055
PID-85 —-949.4 >0.05 129.3 0.068
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H12 7] )L, ADRCH= i 7 30 T B K 1 #53 HPID
T 76%~91%; 1Y A APIDIE I T 1166%
~95%; ADRCH X EIT A0, THPIDIE ] T
B s R ; ADRCEE N i K E T &
NPIDFEH R 1182%~83%.

4.1.4 PIDFIADRCS¥# &1
1) PIDFEHIZHEZ T FISHE E.
FRIE L R GEHIRR AR AR L 2 PID S 4L
iq = Kpe + Kqé + K; ft edt, (18)

Hrf: R Ee=0f — Or, Ky, Ki, Kqr AR A
IR B A R L SR L R TA] AL
FNPRG AR, BT PR S5 8- Je 5 /R 7 7 vk 813
E 1R 48 2 4, PIDSE I 3 28 K, Ki, Kq il
#5E{H~{0.18, 30, 0.01}.

2) ADRCZHHE.

AL ADRC #2 il 45 K H T AR E M40 A R 2L
JhanOs 70, ho, Bot, Bozs Boss I bo, 1, ha Al ¢y 45 il
SR Horp v I R PR R AR RET)
Y5E; Bor, Lo Bos HH RGERFE R e ; m ikt
Hibho5h—8. KRG A IETHE NS E ML
Fbo FEHEIE A FHJE RE D ARG I e, —
P K3 —EREEERITT, bo RFEFEH0S R b K /NEEAT
WHE, BT L. A GE T ATD— ESO —
NLSEEF, & 5 ik0,¢q TRIETCH KR ER NS T Orer
It HAME 5 0,00, FHEITESOHIH 01050 F16res0
N —SE T 2808 e, A /Mg R
15 3] 35 AR 125 1) 25 5. ADRCHZ il 2% 2 8 {bo, by, 1,
cHIERAUEE(E {1, 0.5, 2.5, 20}.
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Table 3 Slip distance after unit load torque

R TE 68 (N-m) 75(N-m) 80 (N-m) 85 (N-m)

ADRC  0.00051 0.00052 0.00056 0.00065
PID 0.00062  0.00063 0.00068 0.00080
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Fig. 10 Experiment vehicle and 3 initial positions of its front

wheel axis
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Table 4 Design of electronic parking orthogonal sim-
ulation scheme
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Fig. 11 Vehicle speed during electronic parking process under
3 ADRC vehicle experiment schemes
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Fig. 12 Vehicle speed during electronic parking process under
3 PID vehicle experiment schemes
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Fig. 13 Slip distance during electronic parking process under
diferent vehicle experiment schemes
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Table 5 Maximum negative vehicle speed, slip time
and maximum slip distance during electronic
during electronic parking process under dif-
ferent vehicle experiment schemes

s S ONTIE ST VA S © N =2
(r-min~ 1) IFE)/s  BEES/m
ADRC-I —171 1.80 0.133
PID-I —208 2.01 0.159
ADRC-II —110 1.50 0.077
PID-II —123 1.65 0.093
ADRC-III —98 1.75 0.072
PID-III —123 1.75 0.086
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