20184510 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi %49 % 5B 10

doi:10.6041/j. issn. 1000-1298.2018. 10. 046

REFNB Bk R ZESRFIZIT S

TXk FEE CTEE K W1 K

(st Dol R HUM L2 5 I e T BOR 2 B, dbat 100124)

T BEOOT ERL 9 AL % 0 A R ek DRI T gl g R AR ™ Y R, A T AL T ) 5 R AL AR T Sl SRR B —
TRV X H I I 0 15 AR S TG B P LA A R 5 BT B RE B B R A . L T RE 2 MY 4R % ) HL R 3 4L
SRR AL U T SRR P AL T R LAY T I QA T T T SR S e AL RE A B B9 TR R
X G E A B 2 AR AR B A AGEIR e PR RER R ST REEAT T B 4R, IR SR AR T, 7E 1 000 1/ min IR 5 I
IR F 1260 Nom, FFLEH 3y 12 min, § 3 5 AUT e 15% , a7 i L 5 20 5% 22 0 %8 B ) 2 75 5K 5 i MLFE- AR ) 3
B A T Y 9 R B S O DR/ B S H L 7 1000 v/ min IR 1] Bl R K B B R 5 2 R LA 35 km/h 9 T B4
I, BB AU L) R AT IA B 94 kW,

KGR W AE N I BB i S fE

FRESZES: U463.3 XHkPRIRAD: A XEHS : 1000-1298(2018)10-0396-07

Design of Active Electromagnetic Liquid-cooled Retarder for Heavy Vehicles

GUO Wenguang LI Desheng YE Lezhi ZHANG Kai MEN Shuang

(College of Mechanical Engineering and Applied Electronic Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: To solve high power consumption and problem of braking torque heat-fade of the conventional
eddy current brake, a new active electromagnetic liquid-cooled retarder was proposed based on the
principle of eddy current brake and motor energy regeneration brake. The new type of retarder included a
liquid cooled eddy current retarder and a single-phase switched reluctance motor with an outer rotor. The
mathematical model of electromagnetic field for the retarder was established. The braking performance of
the retarder was predicted by numerical simulation, the opening and closing angle of the switched
reluctance motor were optimized, and the energy recovery power of the the switched reluctance motor in
the downhill continuous braking, the energy recovered in the emergency braking and start torque at low
speed were calculated. At last, tests for the air loss moment, heat-fade of braking toque, power
generation performance and power-driven performance were carried out. The test results showed that the
eddy current braking torque reached 1260 N-m at 1 000 r/min. The braking torque was declined by 15%
in the continuous braking stage. The braking torque of the motor was increased at first and then decreased
with the increase of speed. When the speed was 1 000 r/min, the braking torque of the motor reached the
maximum ; when the vehicle was slowed down at speed of 35 km/h, the recovery power was up to 94 kW.

Key words: eddy current; energy recovery; numerical simulation; braking performance

0 35

B 35 37 Tk AR B A 1T 6 A Y B
T A B A e A R A ) e R B, AT R
I T A B g o DRI, B — A AL AR
2l 2 48 © e LA L FE Y AR A ) 3 25K . A fRIEE

Wk H 3. 2018 —04 — 11 &[0l H . 2018 — 06 — 08

B A0 BT R RO AT S22 At R IS PR A T
PR AE T S 2 W Bl T 3 2 o S e T E R
[R] L, [ Ah 7 B R 4 4 1 2k SR T 2% A il Bl %
B B R B B SR T
PEIEHR R 253 LAR 5 B R EWHLE & FHES
1l B 2 3 g | R U G Ay IR D % A R G

EEWA: BHRARBFIETH (51777003 51741701) AL 5 B R R4 564300 H (3182007)
EE BN BWIOE(1988—) , 53, i1, 32 B A ¥R 42 4l Bh 1 2256 8 BB W 5%, E-mail : guowenguanglz@ 163. com
BISIEE: MM (1962—) 5, #0824 R0, 3%\ F Mems FI2E H BB ARDFF, E-mail: dsli@ bjut. edu. cn



£ 10 39

BRI . RESHBY i RS B

397

PR TEIX LR R A, FR I O A D A
DL 4544 f B T S 00 25 000 A5, A 3 4 Tl 0
i LR T R IR R Y SRR
B g% T AR T SRR O R B R B
M A B R Aty L L bk TSR RIS 7 s
81 30 o 20 g A B R R

G of FhL 34 9 2B T R M RE 9 R JE , SHEN 4510 41
H — il EL A WU 1 LA 1 TR o T R B g, % %
RS I N KRG & LSS B A i, NIAN %5070 4R
H — i 5 T K R & v ML B R R 1] 5 3 & g
ZHANG %177 48—l (5 Jil 3 Fit 1 v % 2% L 3
U R Bk T % S AR PR R AR R 4 R, R, -
i 77 G2 I FH K G F LSS B SRl AR AT Sk e A o
T RRAS [V, EL B A T8 4 7 4 S i k[
I

AR SC B X T R A o B, T 3 I 3 AT G
0 BEL Pl ML A 5 4 1 20 BB B2 o — D i 3 R %
SR . T S T ) 3 R BL T A e
H [ B 5 2 BT AR 40 J7  , 8 3% 9 750 2% 3 2 ) 3
B K VE RESEAT AT o

1 #ZME5TERE

P2 th 1 RE Bl 1Y 22 T AR 45 4 b oy 0% S e T 2%
B AN T AN RE B A FLA A o 0% S HL e U 2%
A H MBI T B B € T B A S 8 AR B
0 ZH 0 S 1 il T 2 P A 5 A B B i BHL
HU B AILE 1 % BHL i AL 1 G B P LS8 20 A
RS A I T 23 K9 R 5 5 T e P 1 A L Pl L 1 [
RETFERE T3 b SR AL S — e, &l 1 P
o GOHARARIBE A IR A, E 1Y)
HIHE RS I 5% 1 S th i BiE 7 2 HE R AL, L T U 2R
T 7 15 Dl Tl 2 L 7 AR 1 G 39 RE AR D A Bl
Sy B s T R Y A S 0 3R e
WU E o T S G BE v AL A2 A7 o 3 798 i B d /s I B
DR 725" ik i = A V1) 1) 1) Az T, DT 552 B A e D
sl e

2 RRHEhREE T

2.1 HHHHFHER
2.1.1 AW

R A v PR 108 U 8 R e 5 A Y R R 1, R
BERVE 1/12 AT ISR 50 A o 4 9 5 4 1Y) Jalh % 2k
Pl B 3 A R IR T Jil R B A R 3 TR G - LR
(S e et 1 £ A T (e RN T N £ a1 3¢ ]
SRR AN B 2b TR .

PRI I, 445 i 8% v 1% 2 BEL 7 Ak Ry

5 ‘1
(b) ZEFRETET

(a) ZEfREI LA

BT S B RE B R 2 5 A
Fig. 1 Structure diagram of new energy recovery retarder
LR 2 AR IR 7y 3. Zeal e ik 7305 4L W AL
kel 5. B E 6. WHIKE 7. REMSKT 8. W
FLAMLE T 9. EBLAR AL 7 10, B 11 5% 716

oz

(a) AT (b) S
Bl 2 I AL 2 3 1 Al

Fig.2 Static magnetic circuit diagrams of eddy

N

current retarder
LET 2.0 348 4.%F SokE 6 FFMik 7.4
IR
R=R,+R, +R,,+R, (1)
A R——F I AR A % B 1 S 1 B
R,,— & T 7 S G
R, — %7 &7 Mg
R, R, —" Wikl
¥ 4 P T AR R R Y R R
HH G, e AT ARG BELAR X T B G RAR /N o P, E
TERIr SREBE R, M TR or SUBERH R, T Z 0 AN
TR RS R 1 A L

2L,
Rszc-i—Rda:ZRbc:i (2)
HoS
A L—ABKE S— MR

TEMEE /Y T, Bk P RS ¥ @ = NI/R, 71
AR R R T 5 2 (2) WIS ARG B R i
SN R i Sy

_/"LON]
= (3)
A N—ZE M R
2.1.2 WESHY

FEL 39 AL oy AR I AR A B 1 R O E T



398 & o Bl B ¥ iR

2018 4

PR TN o 58 1 A B IR R 2 7 AR R B B %
TR T B0 3 o Tl e £ B W) R 3 7 AR R B
DR B 35 23 3 W JEOR SR RE S 9 KN R Gy A
DRI, OB S e e Dl 2 Pl 7 2 ) I i 2 A T
Ui A A B S A, AR X (3) 18 B A R S
BRI REE B, , AT A%

B, =B, +B, (4)
X B,— BN & B

B—— " R R
9% W i PN I i A WL R S A AT O AR

\Y x B, =ul (5)
V xE= - 98, (6)
ot
J=0oF (7)
V-B, =0 (8)
VB, =0 (9)
Krp J— R
p—— MM E—— YR I
c—HEE ]
KEA(5) ~ (91
Lgp 98 9B, (10)
ou ot ot

K a((5) L (10), ATSRAGE 1 il v i O 2
JE o WAL E T LR R

el Laveaf [ L an

M
P
_E..
>
1l

o— T Mg
V% UL 45 RO TR A% JEE 4 TR R
E TN
b——5% T4l i K
A— 0 3L 25 OB IR R L
2.2 HEHEY
T TN 5 A o IR A Bk e X R %
HA AT A BRIT Oy B, Bt 28Nk 1 s .
2.2.1 Wb E
AR5 FL 108 JAE 25 3 i 45 A A RS e ] P 2% 08 A PR
JU AT G B 1] [, o3 M A R R A O 1120 7
BTGP HT I, B 26 B HR il G R Ol 60 A B T e
N 1000 r/min o kAT WL RE S 03 A3 I I R O
N 3 Fis . BB 3a W] LIE W G2k B A 1Y
it 3 B [ 58 C 2 1 ML 5 (A R R el i, HL e
F A ] 3 AR Y T A RE /N T G 7 g
O AR I R S BE AR o B T R A AR BRI IR R
TR R A — R R RO . K 3b ]

=%
|

Ty

R1 BEERRZERMNRITSH

Tab.1 Design parameters of cooling electromagnetic

retarder
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Fig.3 Transient simulation results of electromagnetic field
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Fig.5 Analysis models of switched reluctance motor
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Tab.2 Design parameters of switched reluctance motor
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Fig.8 Comparison of transient current and braking torque under different turn off angles and fixed opening angle
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Fig.9 Braking torque of motor at different speeds
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