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FPGA-Based Implementation of BDCM Sensorless Control

Student : Hsiang-Tse Cheng Advisor : Hung-Chi Chen

Institute of Electrical and Control Engineering
National Chiao Tung University

Abstract

Brushless DC motors (BDCMs) with high reliability, high efficiency and good
controllability are extensively used..However, the BDCMs must use Hall sensors to detect the
relative position of the rotor and the stator. It leads to the limitation that the Hall sensors must
be mounted properly in‘the motor in order to. acquire. the exact rotor position, ease of
interference with noise and temperature failure. The BDCM sensorless control schemes can
overcome the limitations.

This thesis presents the design and implementation of FPGA-based sensorless control for
BDCMs. By using the hierarchical and modular realization strategy, the designed parallel
circuit can reduce the design complexity and the total gate counts for optimum design. The
proposed BDCM sensorless control fed by 120-degree square-wave-pulse-width-modulation
(SWPWM) approach obtains the zero crossing points by the back-EMF detecting circuit. In
addition, accurate commutation instants can be obtained by those zero crossing points.
Simulation and experimental results have been carried out to verify the proposed control

scheme.
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IERRPEE G 60 RAFEAFEET > PEZHIRE ARE BTER S o Fla T 1l
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v, = 0.5V, +1.5e, (3.1)
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2 FR 8 B34 F BRRERGBITERR e BHE A RERME T HT
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P SCRERIR,
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1+ 2
Ri+ R,
BREA 2T B,V VSR RIBASEZ VY WV 0 AR E AT RV STRA
42 vy G RITE R BLH Hy Hy o LR R IR B il i B A g 58
PWM 284 ehd B » fe g@;@;&gm o T M gk B R b IE O g < 2 PWM AR K
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R, | R |V
| |
| R, S C |
V | |
" | R |V‘;
‘ I
H
| nzer (]
Vi ] |
| Rl IVé
: G|
H
R e e
V. : |
| R | v/

ﬁ<
+
T

B34 F g b % 00T i

(3.6)

EABAAT B B35 o HY ZCP S B € B0 H S iEpEE o B

BE - AFERT > TH R AT HAE S EENEE R E T A

FrEAAR 2

FRREZENIM o ok AP S AR R ML A A ERAp R A TR R

FERTET L RR TR R

FRAGHGRTHAS CR ARSI F L LWL fI* AP RET AT
FEE30 AT L AREE MR ETDI T - R o E - R AR T AL 1l
P RETREAT B AE R AR R 8 AL AR 2

B ORE 7 3 o

24



Pattern | 5 | 6 |

ZCP ? T ? ? _ _?— - ?

B 35 =% ME LT R B

25



L% RTINS LT REE G TR AR M S 8 s

3
(m
¢
IRy
|4
i—\’t
bt
3
f‘ﬂ
=
=
S
A

XTI G B 2 ko B
W RN E - F 3 U B S LT RGN AT R, AR
B HEI > S ERTREBIIBEFEE - B 36 977 > i - BHEpH
2ol RS BTk e RMBEER: SR IR RORTE - B
AR > 5 ERE L TG o Mo RMPFT 6 N R MBI e o

FRAGFERTERIELGRF BT HFHDF LARRE Y R EF D Frchdkip o i

Bhoofed b iE2 o RO EE S A RENRRES L € BRG]0 iR
M FNEER R ITHE A BT AD o FO0 0 LR URTE
AEFEA 2 FE S G FEGRAPRE o T A Y R g k- BAaEE 0 A

B R T S gt o

Pattern | 5
a

Hb_____ﬂmﬂmﬂ__JUMF____TWUUWI' L
He ULt T

B 3.6 & B#h- it 37 R, & 8 5

H

26



5 #& lil' R B R

B 3.1 2 7417 4> w PSIM B33k 50 ™ > 91 2 2 R T R Bl4c Bl 3.7 #7F -
SRR RT A L BV F BRI LT R S 300 R F BT &R R TR
% kHRE i B B SRS F T IRAPIUELA 4 B v IRird - B s
CEHIEFARBIE - BEIHRFESE V- BEIFTRAEE I Y=
WTHETIER, » L P EBRBEFELF BT EHTRL T £ o

— e e —— — —— — — — — —— — — — —

Vp @s 12k F R B
- 1 R R
12k Iaaop @
Va

A

S

1 i
§

v

'\Tb@ﬁj\?\fk '\-I-Q;
%Ln faaop ,_[/
Ve 300]: - .
T T T I I | I 12k J_SSD __Ir}’
I E R e | | T p
I A A A AT L L
I S /4 e
I = =1 I I —————————————— -
| £y I | ea
| —ha | R [ b3 |, O
. o .
P o L AT
Ie LT

e |5 N e

YBI&QD 130 TBLOD160
rpm_real

s &

r. =
I
I
|
I
I
|
|

F——H--- i)

=
w
N
E-)
E
lmF’
_ﬁ-
2
(™

¥
W
F

@

27



Wt 2 SR 5

B4 PR B Sl & 33

Rl RO R R

231 #FRWEESEITEL 32 F BT

% 3.1 mpdseh 5 i Sk
T+ R 2.20
5 LR L, =458mH , Ly = 3.61mH
F T E R & ¥ # (Line-to-Line) 75Vp / krpm
(e 750W
e i7E 3 4 pole
SiERE 1.61kg —cm?
E s R 300V
PWM s & 5kHz
32 FLWHBE S
T g fe 1.65Q
LR L, =343mH , Ly = 2.73mH
F Tt 4 3 R ¥ #ic (Line-to-Line) 65Vp/krpm
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5 i il 4 pole
BiEfE 1.92 kg — cm?
%33 FERERERTR~E ik
TER 300kQ
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TR, 312kQ
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T ) AR EROTRAL P AL AR P AR LA B R LT
2 WA ) 0 A s R 2 Ry 5 40Q 2 100Q 2 B E o F Ry & 40Q 0
FRIRI, 2 F RS e, B R B 38w 0 Ty A R E AR T L B
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PR GRREL R, 95 2% #APPFR 0 £ 5 2.5ms (2000rpm)pF > 4k AR PFRE i B3R A B
,J\ °

1 ﬁi\‘ Ry 5100Q » BELIRI 2 F R dde, Bt B 0 4o 3.9 1 0 B
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5.1ms

ot TR mene RIS T o I e — e 4(980.4 rpm)

5_Oms VVM_/’VM /\ﬂ\-’\/“\/‘\ ..... ’\/"\”’\-/"\"\/"\_ (10000 rpm)

4.9ms| -
4.8ms} -

444444 Lo L L e 00204 rpm)
“““ e i 1 (1041.7 rpm)
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2.497ms

(21997.6 rpm)
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(2002.4 rpm)

1.70ms

(2941.2 rpm)

1.65msf--

(3030.3rpm)

1.60ms

(3125.0 rpm)

B38 &4 T 2 gt A(R, =40Q) : (a) T, =5ms (1000rpm) ;
(b) T; =2.5ms (2000rpm) ; (c) T}: =1.666ms (3000rpm)
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5.AmMSk i TH .................................................................. 4(980.4 rpm)
5ms L (1000.0 rpm)
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(a)
255mst - TH. .................. .................................................................. i (1960 rpm)
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245msk - Tl-al)r ............................................................... i (2040 rpm)
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1.70msF—

(2857.1rpm)
(2941.2 rpm)

1.65msfF—

1.60ms

4(3030.3 rpm)
(3125.0 rpm)

(b)

& 4 T 2 W 25(R, =100Q)  (a) T,, =5ms (1000rpm) ;
T, =2.5ms (2000rpm) ; (c) T, =1.666ms (3000rpm)
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g & P B 3

4.1 B3+ R4 BIEM L 5|(FPGA) /I &

RH7 RHBIER L 7| (Field Programmable Gate Array » FPGA) & - &+ R3] 4E L
FIIC, v THIER L5, (Gate Array » GA)~ i cngd b r T# fr 58w 7848 |
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BRI 4Bl 43 977 o B R Edrd 41 F W R CIK I 5 105 i i B 4
AR E o PR Error SuE R AL > 2 Error 2 3 #4557 IGBT#E T im0 %
RS en 2 BB IM PR ASA 2 e 5L IGBT ¥ 4 FPGA % B 4 ¢
- i LED &g ing 2 o CIk_40M 5 & % ff % P~ F P51 Jp] Reset 2 Start 3150 »
% Start 2 3 E-pr > X T SU Z BB BEGEHSE ) § Reset 2 B 8 pF > X T p
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Select
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u
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» S start
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oo | 2| Ly || e ] e

(ms) (rpm) (%) ¥ (ms) (rpm) (%) ¥
1 55.6 90 1.500 1 19 18.3 274 5.841 1
2 45.5 110 1.972 2 20 17.8 280 | 5.996 2
3 39.6 126 2.359 3 21 17.4 287 6.148 3
4 35.6 141 2.695 4 22 17.1 293 6.296 4
) 32.6 153 2.997 5 23 16.7 299 6.441 5)
6 30.3 165 3.274 6 24 16.4 305 6.583 6
7 28.4 176 3.532 1 25 16.1 311 6.722 1
8 26.8 186 | 3773 2 26 15.8 317 | 6.859 2
9 25,5 196 “} 4.001 3 27 155 323 | 6.993 3
10 24.4 205 4218 4 28 15.2 328 7.125 4
11 23.4 214 4.425 5 29 15.0 334 7.254 5
12 22.5 222 4.624 ) 30 14.7 339 7.382 6
13 21.7 230 4.815 o 31 145 344 7.507 1
14 21.0 238 | 5/000 2 32 143 350 | 7.630 2
15 20.3 246 5.178 3 33 141 355 7.752 3
16 19.8 253 | 5.351 4 34 13.9 360 | 7.872 4
17 19.2 260 5.519 5 35 13.7 365 7.990 5)
18 18.7 267 5.682 6 36 135 369 8.100 6
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