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Abstract: A single-pedal regenerative braking control strategy was proposed based on the acceler-
ator pedal for electric vehicles used in coal mine trackless auxiliary transportation, aiming to signifi-
cantly enhance the regenerative braking energy recovery rate and energy utilization efficiency. Theo-
retical modeling of the regenerative braking process was conducted based on vehicle braking dynamics
and the law of conservation of energy. Considering the structural characteristics of the driving system
and accelerator pedal of mine trackless auxiliary electric transportation vehicles, a regenerative bra-
king torque solution model was established based on the accelerator pedal opening. Furthermore, to
meet the requirements of high-intensity braking conditions, a regenerative braking torque calculation
model was developed for the transition from the accelerator pedal to the brake pedal. The working
principles of the control strategy during vehicle acceleration, coasting, and braking were sequentially
analyzed. For typical driving cycle conditions, an actual vehicle test was conducted on a chassis dyna-
mometer to evaluate the energy consumption economy of the single-pedal regenerative braking control
strategy. The results show that the driving range increases by 41.65 km and 35.86 km under the
NEDC and WLTC conditions, respectively. Comprehensive on-road test results demonstrate a smooth
transition of regenerative braking torque during the switching between the accelerator and brake ped-
als, ensuring a seamless acceleration and deceleration processes for the entire vehicles. This paper lays
a technical foundation for the optimized development of regenerative braking systems and contributes
to the promotion and popularization of coal mine electric vehicles.
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Tab.1 Single-pedal travel allocation varying with different vehicle velocity
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Tab.2 WLR-19 vehicle basic parameters

KX % X B /mm 5990 X 2030 X 2350 CERIAL X ISR 200
¥ B/mm 1700 BB E A R/ (A - h) 100
W8 m kg 7020 SOC T 4F 5 /il 5%~95%
R RGEBH I 18.8 UK 3l ML R e 38/ (x + min D) 1500/3500
s Y 0.022 9K 2y B AL A ) 2 kW 55
RRRRHERE rv/m 0.383 IR B KEHE /(N - m) 360(1h)
H, 9t i 4 7 2 100S2P il B g LI kW 3
At AE R/ (kW « h) 64(100 H 2 3 il By P DL B W (B 3/ (r » min D) 1000/2000
Bl ) M E R/ V 320 il By AL B R/ (N e m) 20(1 h)

il 4y gt — W [ 4 5 L il 3d Intrepid ValueCANS XL
iWiE CAN R &% FE EAIHL Vehspy3 (55 =77 #&
O T A e % . BRI PR E Kl 3 P

— p—
v = —

(b) VehSpy ¥4 ic 5% 5 i
B3 REMHNNRIRE

Fig.3 Chassis dynamometer test environment
3.2 gEREFENK

SPRB AEFE 28 F 14 5% A 0 T 40 #5473
NEDC J2 5 B AR (149 398117 25 B AR 35 L B | o
2R /N ST R 1 1 (I e Y T K S
B 7 B8 22 3 3l FE i i NEDC 173 1 B B 40
T DCRIZR DX A AN 8] 0T B BE 3 iR VR A TE R
P A7 B DL OSC i 2 RE 1. A Z
T WLTC & — A R ERGE — 1 14 Ml A ofE . &
Pt T — ATy e A 2N IE HL 4 T 4SBT A A
BRI E Wt NEDC B K, {8 5 52 Br 25 3
15 B0 w5 BEARARL o b T 47 T 4205 0 4l i A Ay
KT, OBk Z [ E 5B . R NEDC Al
WLTC T8L-5 2 AR HE 4 0 {E 4 i (R 7R A7 3 B
T3 VA K 2 A Ak A 39945 T 10 AR AR B AR IR ATS AR
R % L. KL NEDC Al WLTC T80k 5
il 368 5 1] o i v 4 3 A RE A LAY 0 T 0 R AT

214 -

S, DL Ik SR R A= 1) 45 ) S g (SPRB) .

0 L HL S 4 AR R o AR b O R A
B, B A A SR B A B R, DL A R
12 55 b T 0 I 1 P 2R T 3 B 00 R R AR A
Xf SPRB 2 il 5 W 1 A7 80 E A7 WAk oA S PR
ESCRAT A4 L Al O 73 M SPRB X %2 figFE 28
b B 3 1 B0 L 6 WLR-19 J5 % 9 5 7 Az 1l
3] Chydraulic and regenerative braking, HRB) fig
FEARHBEAT T X 4T

SR I TR R G BRI TR T L 7 R
AN T7) 1) 2 3 o 2l 5 R AT S AR SRR AR
F730 B 15 km/h Al 30 km/h 19 %] 4 il 2h 28 &
HEAT R S5, S 56 ok o v 2 B 53 2 =
W) 4y 1) 2 R T 2 A AN T T T AR . A 46 o
By A5 30 9 4 0 1 £ A e AL e 107 it £ S
SN 4 FE S s,

15 -4
l‘,: 1oy g 1 2 %;
<] 5k ~ .
g | 5 E
i / = i
) / -5 & -2 &
B -15f / =
e
20 v . -10 -4
4 8 12 16 20
B E] /s
Ca) ZE 4 000 3 i £
- 1500 e 190 4 150 R
I 1000 | ---- BHLZIE {40 1100 €
F ~e LR B .
s 500 420 ¥ 450 =z
) R =
3 0 0 ﬁ J0 o
g -500 T 1720 = {50 =
= -1000f - / 120 ® J900 B
o [ y gl
~1500 L P . -60 -150
0 4 8 12 16 20
B E] ¢/s
(b) L BL I o i £

4 EMFHBIWERAS km/h)
Fig.4 Experimental results of conventional braking

(15 km/h)



S HL Bl G B AR P A SRR AT —EEE A =
30 14 L T
T g0f o N W
. E 42 n E 451
g1 = p 3
N ® 1y < s %0y
B jien} S) #
= ot & el # 151
b / -20 & {-2 ¥ =4 ﬂ ﬂ ﬂ ﬂ
%—m / g @ DL . .
%0 _ /. . 40 B 0 500 1000 1500 2000
0 4 8 12 16 20 e ¢/s
e ¢/s Ca) 210 3 3 il 2k
G A 4P 0Bl 25 LOr — MEBARATIZ 1 500
) ] . - g
3000 gm0 150 ;{ s lao 6
T, 2000} ---- HHLIE {100 & ’ Z
4 “oo U {25 B & 10 =
S 1000t £ 150 =z g0
B N E % {-100 g
< ) S 0 & {0 -0.5 |
3 - = @ = 300 2
# -1000} ) =2 175 = -1.0 . . 2 500 F
® - / 25 @ 0 500 1000 1500 2000
= -2000f / -100 3
B e 4 A8 2/
-3000 . . : -50 J-150
0 4 8 12 16 20 (b) HL HIL R 37 2
i
fAs B 6 NEDC WRfEAR THRBER
(b) H AL 3 it 4%

5 EMFBEZRERGO km/h)
Fig.5 Experimental results of conventional braking
(30 km/h)

SrA il 4 REL S Al 2 5 2l 2R R 2
PR RE W 2 2 A BOR M AT W E R T
5 ken/hit . FELAIL AR A ] 2l 1 0 I 2 3 19 A1
T2 R o SR 2 A AT B AT 5 km/h
IR o FEATL AP A 1 Sl R B 4 S A A R i
W/NEL RN 0, BE— LW E T 42 AR B A i B
P L5 A SO B 45 0 — By o[RS X L
A mT A 290 B o S RO [T A Y R i BOK L BE
A ] R A

TEHEAT DA PRS2 5 10, 40 4 v it SOC fEL X
BN 9500 BEAT BN 2 BRAE ER L 2 A A FR 1 3
(i 2R 5330 P 6 ANl 7 FT R, Heh B ALBK Sh
IEAE RS, ALH S A E R s . 2 Hr 6 A
7ORTR, AR B S PR A2 AT RE REAR G M BR R A A
I B s A7, HRE A R GERE 8 B4 S B 4
) TR s R Bl S A SR TR AR

FE DN T A 5272 B B3 AR R JRE 1 S I L A
B R R R v 2 R B S L (B TR LA ) 3 O AT
YRR P AC e BR R HAn 3. St B,
SPRIB 44 il #2710 K 44 ] 2 5 i ] 3 AL 8L AU 79 36 T
BRI 3 80 0 I T) B N Y T 00 5 5K AL AE 29
20 V0 B IR ] B PN PR B0 A o 2l 7 SR A8 T
B PR S H AR 4 R — R S

TER IR LIl SOC B 9526 M 1§ B0 76 B
A2 BRI T 00 P R AT 2 A5 g S T
e SOC {ELFl 2 B 2R A9 22 AL AN 18] 8 B , ety

Fig.6 Experimental results under the NEDC test cycle

T — sepmm

+h™)

00— s

g 50

4

S

> 30

g 20

= 10 m

JFH" " " )

0 500 1000 1500 2000
B iE] 2/
Ca) 43 B fih 2K

| pop — mmsiTE 500 =
< .
! 4 300 z
& 100 <
§ -
g -100 gy
e -300 H
= =

-1.0 L L L ~500 &

0 500 1000 1500 2000
A E /s
(b)) FL AL o SO il 2%

B7 WLTCMXEHRTHREER
Fig.7 Experimental results under the WLTC test cycle
2 EIHER S S A e, T REARRAT B AR R R
AR TE M L Y R, 1A 8 T AL T A B
S AP A o 8 4 o AR S Y R R SOC fH T
Wik die 1% o I 7 A58 401 45 ORI R R i o L, X R W]
SPRB F il % W 76 4 A2 B 478 4 v #E 19 fE 1 i
AN TR B A
[ f 4 2 9 SOC (BB N 95 26 IF i —
ELE 5% 45 0, fE X B A0 T AT 9L, T
NEDC T fd JHA [7] 42 ] 5 w475 (19 52 96 445 2R UL 3%
3.7 WLTC i FH A [7] 42 il 5w 3R A 1) 5 06 285
R4,
e 215 -



R EALAE TR 45 36 % 45 2] 2025 4E 2 A

x

~

g

wn

=

Q 92f - EfeREHK

2 ---- ATEAEHZ (HRB) e

B OOLr  smpig HAEHIE (SPR)

-EJ 90 1 1 L J
0 500 1000 1500 2000

B & 2/s
(a) NEDC 7§ ¥ i i

~= T RE
- FATAARF (HRB)

13 SOC 1 Ssoc/ %
©

88
g7F — BEREAERF) (SPRO
86 1 1 1 ]
0 500 1000 1500 2000

B E 2/s
(b) WLTC %Rl i
B8 {EARTEGIRENENEBER
Fig.8 Battery simulation results using various
control strategies
& 3 NEDC T F 7 B £ 1 3% W& B9 & 8 B4 b &
Tab.3 Comparison of energy recovery using different

control strategies under NEDC

1750 HRER [ i .
BRI | g ke | ike/k) | st/ | VEOR
T fig 1 i 108.16 | 155 688.6
FFEEEERIZh | 119.62 | 169475.7 | 16727.3 9.87
PR i B 149.81 | 194792.6 | 49789.0 25.56

R4 WLTC T 7R B4 6l 5 e B9 Bk 2 3 4 bk
Tab.4 Comparison of energy recovery of different

control strategies under WLTC

1750 HRER A1 i .
BRI | g ke | ike/k) | st/ | VEOR
T fig 1 i 80.36 192 772.9
FEEE A RIZh | 100.40 | 210 578.5 | 17 562.2 8.34
PR i B 116.22 | 240 338.5 | 47 659.1 19.83

Hi 2 3 40 A Al 0. AR AR R R G
AT AR AE K T 41.65 km, 77 B B MR 4R
() fE 10 R B 38 25,56 %6 H I 156 A i B
158.97% . H1 4 43 A vl - B B AR R &R GE
TS AT AR T 35.86 km, HLES
J 1 A0 BE et [0 A0SR 3k 19.83 %0 o b I I 724 1l 3
B 137.77%.,

3.3 mE-FIEEEES R

HEAT I Bl AR 2 G s D04k % T
DX Y K e A BT B T E A AR S Bl RO A
1560 T o 25 Bl 51K A2 30 N IE i 2 20 km/h
Ja MRS BN 0 oE R R, BRI K 5L
BB A& 9 Fios .,

< 216 -

B9 ik B AR -] Bh B AR ) # i SE 38
Fig.9 Accelerator pedal-brake pedal switching

test experiment

SR ARAT I A4S AT B R P A A S L L
AR IR IR S AE A L W& 10 BFaR .
P10 4Bl . 20 0.48 s B3R Bl A 250 B i 7E i
ERAT R BOAE TR S 55058 R T 46 DL AN B
G O s P T I R BRI o B AR i BE A 4
A I R, BBl B A T2 M 0N B L AR A
2R3,

30r1

[

S
T

\

)
ot
o
—

]

A
w

v/(km e+ h™)

TT

R
[= =]
ISERS)
L—

HA e
T/(N + m)
|

(=3

9.86 s

il 3h =

BrkPerc_CrpCcl = 0.3

-0 \ 9.13 s
ol 8.82 s
. 7.28 s

WITFFE «
cocooco~

— ONBARNOONBRIIOO O

W A
%

8 10 12 14 16 18 20
BtE] £/s
B10 FEHmBEEEMNKER

Fig.10 Vehicle acceleration and deceleration

o
3%}
g S
»

comprehensive test results

TEZY 115 s BFIE  TF AR BR T o B Al L 75 24
L1 s . BAROIT BERE 3] 100 %0, H— H 4k ffdc K
T AT 24 6.29 s, FE I B h L 3R Bl A%
HGHEEE T2 300 N« m FFE i i, 45 3 B 2 DAL
R BT JEE A W7 38 R 3 249 19.3 km /b,

15 6.29 s LS i 5 A O ff 32 B L, 9K 5
R F b o KB A A 300 N« m 3 HT/IN, 42
I AR T B B M G2 AE 2 6.8 s BT A



B AL R R B AR T A R SRR T — B A

S

WA B A 20,9 km/h; 2 )5 RUE HL LS 5
FEATS R 9K sl RS E A M 1 VR 3h BH ) 9 1
T R 2 18 A, Y o A RE R IR 2
33 Y0 B, FUHIL I bt G L RIEE AP A o 3 g
HRIBCIRE, H R 7.28 s Ab B in 3 B b o8 4 R
W, G HL BLE Y 150 N o me Y R A= o 3h 5 4 O
TR¥E.

TE 8.82 s BRI .t B 5 42 4 JF T s 5 4 5 1Y)
1.5 s 2247 - il BB AT G W BR T , B, bl 48 o O
W R 5 1 0y 5 W T 8 S S 1 A ) Bl A TR
FEN 150 N o m, 5500 85 Al 45 o 1 1A o h
A =2 (0] TC 2% 161 42 o A0 ORAIE T B85 Al U 46 2o 72 o
FY 3% 5T PEs TR e, 24 B B AR O R R R
BrkPerc_CrpCel (B3 78 R 30%) B, 5 4= ) 3 #%
FRMR AR 150 N e m. X — M BEEEE N T
T 3% 0 3 B A G AT R R R L X S 2.2 TR
P o SR ws il Ze b & — B .

FE9.13 s Bt T, 224 i gh B A O B BT 30 %
Jei o A T Bl e T U B L 2R PR L T i
DLBER B 3 B4 2 I 7E 9.61 s B, 23 2 %
£ 10 km/h, ZJ5 4§ 5l B AT BEATS 7R 3 K
E R T 4 R T ) R A R R B R T AR
W 5 2 0 1) D /0N T 320 47 U 555

TE 9.86 s, il 2 B Az ¥ B2 S 100 % HAS 138
R P AR T B A Ak 8 W A 2 Y D/ LA PR
/N L 2 4 AR E 0 i A ) S A )
HWINE O, Bl B I SR

4 Hk

SPRB #4 il 5 W 5 25 5% 3K 2y Ty fig A 43 B A=
il 2 Ty B [ B 4 B 2 o s B A L L 3 a4 S 4
Jon S S Al /N e R R R o Bl T oK, BE g
P BB IR, SCRE AR — R L e e 2 g
R ERES A, EZLSBWF .

1) 7F B RS AE 3R T 50 BR 58 00 3 b, SPRB #2 ifil
BRI T A o 2 B50(E mT 6 2 80 Y6 B ] B N i T
R AR 2 20 V6 B4 B 18] B P IR ) 30 7 SR g K
SRR S H bR kR R B L PR
s b n] B LA R Bh ) HEA T R

2) BRL K B A= ) 2 45 SR s T . NEDC i
WLTC f§ ¥ T. 28 fig f 7] Y % 43 Jjll ik 25.56 %6 FiI
19.83%0 ATH HLFR 23 I AE K T 41.65 km Fil 35.86
ke, X4 i 7 P P 2l 7 G A8 B R H RO IE KR
Sk R LA B R L,

3) 7E i 5 A1 4R B A 1 B T RE L 4R
SR T It W47 %% D) g L D) ok Bl i A A T R T

S IR A 8- A4 1 30 2 R 5 o B AR AL T T
JRE I 18- A4 ) 0 2 R 2 — B, b TR R o o)
2y A D)4 P A2 B A i A W

S E 0K

(1] AEEH. OF. 0 a3 TP A s b2k & kR i

KB BARL]. BERBEHOR, 2021, 49(7):
118-123.
REN Zhiyong, SHI Qin. Development Status and
Key Technologies on Mine-used Electric Auxiliary
Trackless Transport[ ] ]. Coal Science and Technolo-
gy, 2021, 49(7):118-123.

(2] ARG 5. 400 3 B 1 4 90 2 9 B 5 iy IR 3% T 5

(1. MR A, 2019, 47(2):150-155.
REN Zhiyong. Research on Influence Factors Af-
fecting Driving Range of Flame-proof Battery Elec-
tric Vehicles [ J]. Coal Science and Technology,
2019, 47(2) :150-155.

(3] g, ¥ SCH, sldt i, 48 F&E MR Dk B A5

HEJR A KR TTmLT ] M AR, 2021, 46
(1) :1-15.
LIU Feng. CAO Wenjun, ZHANG Jianming, et al.
Current Technological Innovation and Development
Direction of the 14th Five-year Plan Period in China
Coal Industry[J]. Journal of China Coal Society,
2021, 46(1):1-15.

(4] lakom, JBNE. W 3K 4 % 2 2R 1 3 R By A5

S8 AT 70 [T]. 4 LA, 2018, 40(7):804-
811.
LIU Zhigiang, PU Xian. An Experimental Study on
Anti-lock Braking of Continuous Regenerative Bra-
king System in Electric Vehicles[ J]. Automotive
Engineering, 2018, 40(7):804-811.

(5] rori, IhERE, B, & TR S R b i

RETAER Shig & B2 [T, K% T/, 2017,
39(10):1101-1105.
JIN Ligiang, SUN Zhixiang, WANG Yi, et al. A
Research on Regenerative Braking Energy Recovery
of Electric-wheel Vehicle Based on Fuzzy Control
[J]. Automotive Engineering, 2017, 39(10):1101-
1105.

[6] X, hiQur, 4k, 5. UK R G M4 4 3h T80

B )RR T (D], 314 TR . 2021, 43(8):1121-
1127.
LIU Kun, DU Changhong, WU Wei, et al. Re-
search on Dynamic Characteristics of Electric Drive
System under Regenerative Braking Condition[ ] ].
Automotive Engineering, 2021, 43(8):1121-1127.

L7 GhBE, fruksc, A&, & BT 1T N8 3 440
RS T A2 R B I BF SR 0], 14 L/, 2024,

e 217 -



R EALAE TR 45 36 % 45 2] 2025 4E 2 A

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

46(7):1197-1207.

HAN Mo, HE Hongwen, SHI Man, et al. Re-
search on Learning-based Model Predictive Path
Tracking Control for Autonomous Vehicles[ J]. Au-
tomotive Engineering, 2024, 46(7):1197-1207.
LIU Wei, QI Hongzhong, LIU Xintian, et al. Eval-
uation of Regenerative Braking Based on Single-ped-
al Control for Electric Vehicles[]J]. Frontiers of Me-
chanical Engineering, 2020, 15(1):166-179.

YU Jiawei, ZHENG Songlin, PHAM H, et al. Re-
liability Modeling of Multi-state Degraded Repaira-
ble Systems and Its Applications to Automotive
Systems[ ] |. Quality and Reliability Engineering In-
ternational, 2018, 34(3):459-474.

QIU Chengqun, WANG Guolin. New Evaluation
Methodology of Regenerative Braking Contribution
to Energy Efficiency Improvement of Electric Ve-
hicles[ J]. Energy Conversion and Management,
2016, 119:389-398.

ERET, A5, BiE, 5. 0 DSBS 5K 3l £
P R, TR SR A, 2021,
53(3):173-179.

REN Zhiyong, SHI Qin, ZHAO Yuan, et al.
Torque Coordinated Control for Mine Articulated
Vehicles Driven by Twin Motors and Twin Shafts
[J]. Advanced Engineering Sciences, 2021, 53
(3):173-179.

XU Guoging, XU Kun, ZHENG Chunhua, et al.
Fully Electrified Regenerative Braking Control for
Deep Energy Recovery and Maintaining Safety of
Electric Vehicles[]J]. IEEE Transactions on Vehic-
ular Technology. 2016, 65(3):1186-1198.
BUNYAEVA E Vv, SKORIK \% G,
VLAS'EVSKII S V, et al. A Method for Impro-
ving the Energy Efficiency of an Alternating Cur-
rent Electric Locomotive in the Regenerative Bra-
king Mode [ J]. Russian Electrical Engineering,
2016, 87(2).:73-76.

LYU Chen, ZHANG Junzhi, LI Yutong, et al.
Mechanism Analysis and Evaluation Methodology
of Regenerative Braking Contribution to Energy
Efficiency Improvement of Electrified Vehicles[]].
Energy Conversion and Management, 2015, 92:
469-482.

WU Jianing, YAN Shaoze, ZUO M J. Evaluating
the Reliability of Multi-body Mechanisms:a Meth-
od Considering the Uncertainties of Dynamic Per-
formance[ ] ]. Reliability Engineering &. System
Safety, 2016, 149:96-106.

ZEFF S. My Electric Journey with a Nissan Leaf:a
Classic Early-adopter Experience[ J]. IEEE Con-

218 -

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

sumer Electronics Magazine, 2016, 5(3):79-80.
TIE SF, TAN C W. A Review of Energy Sources
and Energy Management System in Electric Vehi-
cles[J]. Renewable and Sustainable Energy Re-
views, 2013, 20:82-102.

X, Lk X T0 I I 4 25 A K R s R i AR Tl
PR R AT T S SR [T ], R TR, 2021, 53
(2):175-179.

LIU Zhigeng. Feasibility Study and Test of the
Stringing Trackless Rubber-tyred Vehicle in Long
Distance and Large Slope Roadway[J]. Coal Engi-
neering, 2021, 53(2):175-179.

k. By 4 B TR HE TR A AR IO TR N
WEEL) ] BORALEH AR, 2017, 45(HEH] 2).87-91.
XIE Jin. Application of Explosion-proof Electric
Trackless Rubber-wheel Vehicle in Underground
Mine[ J]. Coal Science and Technology, 2017, 45
(S2):87-91.

EEM, sk, WO I B IS f AR i
WEFELT]. BERFLAHOAR L 2020, 48(8) :70-75.
WANG Lianzhu, ZHANG Yanbin. Design and Re-
search of Roadway for Trackless Auxiliary Trans-
portation System in Underground Coal Mine[ J].
Coal Science and Technology, 2020, 48(8) :70-75.
XUAE T IR HL gl B R TT R S b R e A 4R
il SR BF 5 LT ], R B2 BOR, 2022, 50 (3 T
2):345-351.

LIU Junning, SU Gongfu. Research on Control
Strategy of Electric Explosion-proof Trackless
Rubber-tyred Material Transport Vehicle[ J]. Coal
Science and Technology. 2022, 50(S2):345-351.
BRAVO R R S, de NEGRI V J, OLIVEIRA A A
M. Design and Analysis of a Parallel Hydraulic-
Pneumatic Regenerative Braking System for Heavy-
duty Hybrid Vehicles[J]. Applied Energy, 2018,
225:60-717.

ZHAO Di, CHU Liang. XU Nan, et al. Develop-
ment of a Cooperative Braking System for Front-
wheel Drive Electric Vehicles[ J]. Energies, 2018,
11(2):378.

AL, T M I T TEHUR SR i 3 42 IR Bl 4 o
Hmg e[ ]. A AL, 2012, 40(9) :39-42.
ZHANG Chuanwei, GUO Wei. Study on Driving
Control Strategies for Underground Trackless
Rubber-tired Electric Vehicles[J]. Mining & Pro-
cessing Equipment, 2012, 40(9) :39-42.

LIU L, LIU X T, WANG X L, et al. Reliability
Analysis and Evaluation of a Brake System Based
on Competing Risk[]J]. Journal of Engineering Re-
search, 2017, 5(3):150-161.

AL RFIIEIML 5 . 50 AU Tl iR



B AL R R B AR T A R SRR T — B A

S

t, 2009.
YU Zhisheng. Automobile Theory [ M]. 5th ed.
Beijing : China Machine Press, 2009.

(270 RAfoet. dbek, RamE . 5. d gyl E i

PRk R 8 % A BB UL T ], Rk TR 244, 2019,
35(4) :88-98.
WU Zhongbin, XIE Bin, CHI Ruijuan, et al.
Driving Torque Management Model for Electric
Tractor in Field Cruise Condition[ ] ]. Transactions
of the Chinese Society of Agricultural Engineering,
2019, 35(4).:88-98.

[28] WU Zhongbin, XIE Bin, LI Zhen, et al. Modelling
and Verification of Driving Torque Management
for Electric Tractor: Dual-mode Driving Intention
Interpretation with Torque Demand Restriction[ ] ].
Biosystems Engineering,2019,182:65-83.

[29] ZERE, B, 88—, & ETHILSHRITH
M EME TP T] R%E T8, 2018,
40(4) :375-381.

WANG Qingnian, YANG Yang, JIA Yifan, et al.
A Research on Energy Economy Optimization of
Electric Vehicle Based on Motor Parameter Design
[J]. Automotive Engineering, 2018, 40(4):375-381.

[30] JrEfe. ZR3R, Mhle, 5. ST AW ¥R G

RO (9 48 B8 VA R B0 IR ER R 7 ik [T KA L

i, 2022, 44(10):1469-1483.

FANG Peijun, CAI Yingfeng, CHEN Long, et al.
Trajectory Tracking Control Method Based on Ve-
hicle Dynamics Hybrid Model for Intelligent Vehi-
cle[J]. Automotive Engineering, 2022, 44 (10):
1469-1483.

[31] Rk, (EEF, BiE, % 5 103 83 29
B A P AR gl 4 o s (7] M R 4
2024, 49(8):3677-3686.

WU Zhongbin, REN Zhiyong, ZHAO Yuan, et
al. Integrated Regenerative Braking Control Strate-
gy for the Accelerator Pedal of Mine Trackless
Electric Vehicle for Auxiliary Transportation[]].
Journal of China Coal Society, 2024, 49(8):3677-
3686.

(RE K B

EEEN 25 50,1983 4R RO TSR . BESE5
1] R A 1L B A AR 5 9T &% . E-mail: tymkyrzy@163.com,
A5 RS

TEET A E, F LA i 3 42 00 20 5 A 1A o S skcae 2 L) .
L T2, 2025, 36(2) : 209-219.

REN Zhiyong, SHI Qin, YAN Kai. Analysis of Single Pedal Re-
generative Braking Efficiency of Coal Mine Electric Vehicles[]].
China Mechanical Engineering, 2025, 36(2):209-219.

2024 R A EHMB AL R A EMEHAHTARD

2024 4F 12 H 20 H, fh [E PR e i i 5 W
o E R AR G 2 S BRSO b [ TR R R
JE I W VT 29 WF 58 B . e-works B 1 A b o &5 4L
[ AR 14 2024 5 A8 i 3 B H2 3F J& 38 U & g
Bl 7E A E PR S i Bl T E T

] o 8% i o) 3 I0C T o 2 2 0 v [ TR I B
o 1 R = R = B QU A ol AL R E I
Thpte 5 e R R R & R TR B
Fellow 7k TLBH , By ML 5 52 B T4 B 2042 L I & K
T BE Fellow T 3%, & KB /RIAE K ¥4
IR NN R THEBE Fellow 72 B fd , 7 [ AL b
il 35 M 36 G 2 b mt AR R AL I e 28 B TR R L 1 PR
FIE ) 15 B B A BB b AL TR 2 s IR 5%
AR R B T E R R A SR G R
45 BB EALRE TR 2 4 R ) B K R
K, EPM TR AR EE, HXE
RE il 1 & K28 2 23 0 L %80 e ) b o AL &
FE AR K b EEH A RE i S B SR
LR o BT E L A L2024 11 5 Ak
3 R R R 72024 o [H B BE I R R

Fodt e ot F A LUK BE i i 45N /Y
WANE 2 AR AR AFIE 150 N TR
UG . SRS AT S R PR fE i R
T JE AR M A B ol 2 A R 7 S M S B

Pt 58 e 1 g AR W S B0 L Al 55 3 R RE
e S il 3 oMl B T A B T B ROR BR AR L IEZE TN
B0 Al i 3 0 K Al 19 28 10 R RE A i Y 1 Bt
Ja B B - e 55 e b L R D ACHRL 2024 i A
AE il 38+ RR R Y 0 H AU R4S . R B B
b Rl R WS 5 LR D AR 2024 v [ RE
M RRH R R  B IE A5 K

AU B — b R S A
filf 428 5 R L A Bl A UR AR A A 1R BE

il 38 I BB v ) B AR BSR R R R TR) ) 38
TR PR S MAR, TS,
S [FQ B BB 3 L ol ROk & R T T B AR 4 Y S
o FRATT IR AR B T 2K | 4 i U e
ORI RESE R OK . R FRATTHE TR, DU R
AT A AE RS M, L W JF S R e I R
(S CTAE S
e 219 -

oY



