Electro—Magnetic Brake® $]3F BLAC 7542~ 335

E S d15—4—-10 | 2009 MMAEEHE SEFHEE |

Electro—Magnetic BrakeE 93+ BLAC T &A|2H
ZEMK, THET, #EN, BTE”
BLAC Drive System for Electro—Magnetic Brake
Mi—Rim Jeon, Jae—Hyun Lee, Kwan—Yuhl Cho, and Hyung—Soo Mok

(@] ok
0

A7) A& A|Z=8l(Electric braking system)< 7| A=} A|2Hoo| A ALEE F-¢ BEo]aE tjrlste] AF7)
ol-gate] AFHE A "k AVAES 71 Aol wis) 5o 7 s ABS, ESC o 98 Y
2 AEAY FAEHE A8 = ). B =FoAE= EMB(Electro—Magnetic Brake)& BLAC A%E7]¢] Aoj71&
MEEIATE Ao A|~El BLAC A7) 55 9k dEusgx|el SuA0E 93 gxgAo7|= 4539
own W B SHEAS 8 wEAY 7S A8sielth. gk Matlab/Simulinks ]88k AlE#HolA 2 A
3 A= AAEY EMBE BLAC #5719 45S ATk

il o>' mlm

ABSTRACT

The electric braking system obtains its braking force by a motor instead of the hydraulic brake which has
been used in conventional automobile systems. Electric braking system is consisted of fewer numbers of
components than hydraulic braking system, and it has effects of improved response and reduced braking
distance for the ABS(Anti—lock Brake System) and ESC(Electronic Stability Control). This paper presents the
BLAC motor drive system for Electro—Magnetic Brake(EMB). Proposed control system consists of the power
converter for driving a motor and the digital control system for speed control, and the vector control is applied
for fast torque response. It is verified through the simulation using Matlab/Simulink and experiment that the
proposed BLAC drive system can be applied to EMB.

Key Words : Electric Braking, Electro—Magnetic Brake(EMB), BLAC Control System, Vector Control

LM E

A
ry
=2
N,
é

=3 2 o AojHA FAEe] A
G2 7S E8e ArIAo] AaEo R A giA|
T A A Boke} nmlo|gRIEZ AN Aol wt HolA L 9tk 53] Als A|&E FEellA 7]ES
AoR Az Ao A2 7|EEo] ALHa ¢ St Blo]aE diilste] H714 Aolg o] &3t Al
24 A+ AE Brake—By—Wire A]2glo]g} dit}, o]

JmESPIPNE 7“'2|._ ST MoASzEnt Fu Azl dFor ks ATty al e A7|Als

E—mail : kycho@cjnu.ac kr oF & EMB(Electro—Magnetic Brake)&= XFAIH A&

Tl LS oipal _ it
“malel (F)0l0lClE] FoetTa Fololp AR FEa e

o

TEslY, M= YISt ue EMBE AE8S AE7)o] Edznt A A|xElo
HAURE : 2009, 8. 17 12 ALAF: 2009, 9. 20 2o] S} o s

9%t AIAF: 2010, 6. 1 3xF AlAF: 20100 7. 19 = 7129 sk Bello]A Al=rlel WS FEarh gt
AMARREE 2010, 7. 25 25o] A} FsEta Aol dEY zEE



336 HENHE TEHE aGE 1546 H145% 2010%F 8)]

“(Assembling process)©] ©st @ 4= o), HE3
EMB Al2=gle 72ke] AEalse dis] Hs7])7t
e Srw S| wEel 758 Al gel] B

3 AsAYE £9 F Ak

A
A= 7] AQ] AR 8720 FEHEA
A F4 E PAE wEESAIACk St} o]F $I8lA
A4 os2 EMB A"l 99 AR AE7]¢]
4 @ AAE F8sh A7 Aol oA Al
gt AN AF dsvle a&y Aol
Wi, GAEAIY F2 Yo R et &5
of A wormz FEHEAF AV Utk wEkA
EMBE H&7|2% #&c] Fi A5 ¢+
BLAC(Brushless Alternating Current) #=7]7} 24
st

2 EdAE N2 Absak Als A|AFoR
¥31 gl EMB A28 BLAC de7le] s
7 Ao daelFe] AL 9 HAS fg AFE
3F9ith. EMBE BLAC AE7]& we B4 $9° 5
o] QR R B =RANE AT oAl EAA7)
7hsgk WElAlY] 7S A83kelar, AlEwel Ay A
& Fshe] BLAC HE719) Ass FFsqlrh

A 2 o =N

moe ooy ore
o, o2 ofN

2. EMB& BLAC A37| §3 %
A Ar

Hoodo] ARgE EMBE BLAC dE71& I3
of Yehd upe} o] g2t 6&%, A} 45
2 JFAA o] 3R} Fo] e FAtEo] e
TA BRRAY PRS2

BLAC %719 A<(Parameter)+= LCR W[E}7]&
AREste]l M3F AR 9 RIYEAE S48k, f7]d

S B3kl A71dg A 2 1x9E Al
Akshgith 1% 2% EMBE BLAC #%E7]9] A7
[e]

J% 1 EMB2 BLAD M37(9 =
Fig. 1 Structure of BLAC Motor for EMB

[on o= cumas man cisas mies somi oo ws swem s |
eah (line to line back enf) of EMB

. 1.0V/div, 20.0ns/div
O% 2 BLAD 379 MZF ®7|M Th&d (@568rpm)
Fig. 2 Waveform of line to line back EMF of BLAC
motor (568rpm)

EMB& BLAC #5719 714 3l
Hoj 17| wjiEol| FFT #4418 %3 7|2yle} 1z}

& BLAC #5771 A7k {7178t 71Este] A7)+
568[rpm]¥ w 1.75[VIZ X7t {71AL e
0.015[Vsec], % fF71H8t %= 0.0087[Vsec)]oltt.

¥ 12 EMBE BLAC #AG&7]9 AlFS vehdo
AFsAE SR AE7] FHREE Aetee el
2 AL 70[TClE 7oz eIt

b

E 1 EMB2 BLAC ME7| Ak
Table 1 Parameters of BLAC motor for EMB

T 7|5 =A%k 9
IAHAATY (@70°C) rs 0.125 Q
aF JEEl~ Lg 90 ul
d& Jg¥ Ld 90 uH
EAE pole 4.0 -
HARAE Jm 0.1 mkgm”
A A Bm 0.1 | kem%sec
g A e of 0.0087 Vsec

RO Current (4

— @

05N, 1 74pk P
(@ 1900rpm)

2000 0

1.0Nm, 324pk -

1000 (@980rpm)
10
0
0 02 04 06 08 10 12 14 16

Toraue Nml

J8 3 EMBE BLAC ME72l TN &4
Fig. 3 TN curves of BLAC Motor for EMB



a7 32 EMBE BLAC #5719 TN 54S el
itk AAEFE 1900[rpmlell A 0.5[N'-m], B2AAF
17[Apeak] o] 2L HHEF= 950[rpm]ollA] 1.0[N'm],
HEST A AFE 32[Apeak]o]th.

3. EMB& BLAC M&7| 78 Al2H HA

3.1 BLAC H&7| 78 AlAH
EMB AlEle] BLAC H%7|E T&37] 93 A

A

28l O9 49} 2o} AA A" BLAC AE7]
T5S 98 AgsgR| e} o5 Alofstr] gk tA|
g Aoj7|2 FAE ] Atk Ao AAHe 14T =
Al BEFAO)7} 7hsel WEAlo], HF Alor] B £%
A7) = Fd €l

EMB& BLAC #ds7] 76 Al&® & AF4do=
BLAC A&715 Alojate] Fatol|l Alss 7l8HA ==
s Ay ey a7 594 ) BLAC A7) 3
#S Walksle] AN Screw)E £3] Hyola dj=
(Pad) & Lo AlES A == Aotk o] wf Ay
He BEdE BEIAME B8 SAEY, o] #e o5
o] WE(Amplifier) & ©]-&sto] THAAA FA3IL

3 Belo]ad] ZhafAl= A2 d2E(Piston) ol 23]
j=rp DA si= Apolo] F-5h A(Load cell)oll
ol 7heiA o8 Fell SAdE o9k 2 WS
3 AsY 2 EAE A1 F A drh

Position
% Sensor
= <|‘

Battery
12V dc Gafeg

signal

Currert

_Wector Control Digital 8

),
~Current Control Load Torgque
_Speed Control || Controller f——— "5y,

or Calculation

O3 4 BLAC 75 Al2E
Fig. 4 BLAC drive system

L /
/
’
Motor Gear
= Piston

Torque Sensor

Load Cell

O 5 EMB A|AE
Fig. 5 EMB system

Electro—Magnetic BrakeZ 9]¢t BLAC T&A12=8 337

i

(b) Ho{7] At

J2 6 BLAC Mo{7| #MHE 2 AR
Fig. 6 Block diagram and photograph of BLAC
driver

EMB A28l 58 BLAC A&7 Alofshr] ¢
2 Aol e =efole] oigfa 4 84
a9 63 gt

aF 69 =tololA YAE Alo7] Bt AL
S 938k= DSC(Digital Signal Controller), £41,
0 2 7 A5 A 3=, WY, RUEY 4 ¢
2
A]

{

[ o

>

o T

S 9% QEFo|~R FAE ok dEwWs

HELE A7l AdS 917kskz]l sl MOSFET
6712 A% 34 AWE, AlolE =ilol, 27|15
3|22 TSI

AT AREE Alo] Z2AM A= TIAR] 32bit
g oAk 7]uke] DSCOl TMS320F283350]th.
o] DSCE 3ltte] ICo] PWM, ADC, dl=d =%, 7

2, B/ME7] B4 Bl o seade whel
7 glow AF7] eholmsh e Ao] AlzE A
o gz Mol e AlFa

3.2 EMB& BLAC ®37| H|of

EMBO] Aloli= A5} Algle] AL 724
o pgHoln] WE Aol7t 71 Fasith web
Qo) Aol EMB A2RE 45719 A% A%



338 W EE aGE 1546 H145% 2010%F 8)]

9l EMBelA AHEH E‘?E 23 o FAA E7)
71(SPMSM) ] #E] Ao} W& #-E-3iek
5719 £Al B AlYE Osﬁt A&t B
A SHAR] Alo7h wojoF b, F AW
7} F7Pel A 90°2 frA|Eofof 3, Z}#J} &
T AFE 90°E FAeh] fEiM e A A
7] SR 3]sk 3 HRAE wsksjor &
ol HEWSS f8 A AAAHEE HE
H (Resolver)t} €156 (Encoder) 52 9217E A=
ARgete] dobdlih 2 oA AREE BLAC 7
= AFIHE ARt AHE7HS dolligith

Qxﬁz} QAARE o]}}_o}o:] abﬁg 34k Aotz A
T do A ARE FHx ¥R Ak diF
X8l d= AFE D (Zero), é id—O o= 111010}

o
=
kil

ox i AL L ol
3

2 off

o U oox

—_—

o
A9 JTAY B71A%71) A% a9AF F AYE
2% WS B ZUREY G 71457
o) A% o AYH2S ¢F AGEsE A9 BU
2]
=

ne JYdx Bt G(Zero)o] HEE HEF7]oA
Mshe Ed 4 (D3 2ol vehd 5 9
3P, .
7:,:55¢)qu (1)

EA AR AR 0 A71E a9 e AY B
710 wet Aojghchd, A waF-2E BLAC
As7|e WE $A BT S92 48 5 3

Ty Aol AREE EMBE- BLAcx457M
F1ASE axgE Fskal Q) E} e o i R
o] 2k&-(Magnet flux)ell 12235 vkedate] YeRA L
BA AE Frekal, o]E o] & 6‘}04 aAA AA a2l
o F715= F71ds 713E9ke] 153F o] ixw}
S FAIE A5 A (2)9F 2ol e 4 Qo

L

_d d
an dt ¢an - rdg =, E n¢f7z CcOos (TLO )

[¢f1C050 +5¢f5005(50 )+7¢f7cos(70 )
+11¢fncos(116‘ ) +13¢;5c0s (136,.)]

e

(2)

x4 (3

(3)

Agp = Agpo T AgpeC0s (60,) + Agf12€08 (120,)

. . 4
)\qf :)\qfo—)\qfﬁsm(GQT)—)\qfusm(lQGT) (4)

ANE A% @
A

I -
sty B4 2

258 westel 4 (5)%
(6)0.2 vpehti] gtk

d
vy =1+ Ldaid — u),)\q

d
=1y +L’1E a0 Ly, —w A,

(5)

. d
v, =1y, T L,— 7 i, T WA

d
byt Ljigtwy,

=iyt Ly

3P . )
T =5f(/\dfz —A fzd)

2.,d
=J (?)Ewr‘i’B ( )w +TL

(6)

4. Algzlol

B =RoAE EMBE BLAC #E7]e] WEA S
Agstas W  5AS dMsk] Hskd
Matlab/SimulinkE o] &3t} RolajxS Skt
AETold 2AE PWM T3 20[kHz]olar, A
FAY= PWM F7]ute} b A Addsisich. 1ga
&eAo] F7]%= 300[usec]Z PWM 6F7|=}t} sHAH
A Adegsielnh. # 2% AlEH oA 218 YR

¥ 2 E3J % HEAOo =A
Table 2 Conditions of torque and speed control

T = & 9

DC st Vdc 12.0 \
PWM a4 fpwm 20.0 kHz
A B3] Ea Trat 0.5 Nm
el & rpm_rat 1,900 rpm
st EA Tmax 1.0 Nm
Eaxal & rpm 950 rpm

18 78 1500[rpm] & 150[rpm] 2.
459 AlEdeld Ads Uﬂﬂ-bﬂ\ﬂr ;i

=
sl o
[l Hen Aeae SEn 2ge o 4 sk



Electro—Magnetic BrakeZ $]3 BLAC T-&A|2=8 339

a8 7 SZHo EM4(1500r pm—150rpm) 8 9 150rpm 28 Al A Tk
Fig. 7 Speed control characteristics(1500rpm—150rpm) Fig. 9 Enlarged waveforms at 150rpm
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