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Duty cycle restriction strategies of SVPWM algorithm for
magnetic bearing power amplifiers
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( Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

Abstract: One H-bridge is used to control one coil in a traditional magnetic bearing power amplifier. In order to reduce the number of
bridge arms, some of the bridge arms can be shared with vector control technology. In this paper, a power amplifier using three-leg
circuit to control two coils simultaneously is studied, and the space vector pulse width modulation (SVPWM) algorithm is implemented
with FPGA | which reduces the number of IGBT by 25%. Aiming at the possibly occured situation that the command signal of power
amplifiers may exceed the tracking range, this paper analyzes the tracking range of the power amplifier with a three-leg circuit, and
points out that the performance of the power amplifier can not be fully utilized using traditional duty cycle restriction strategies and the
distortion will be increased. This paper improves the traditional duty cycle restriction strategy, which makes the utilization ratio of the
power amplifier reach 100% , and can completely eliminate the distortion of one coil at most. On this basis, two duty cycle restriction
strategies with different performance are proposed. Experiment results show that the power amplifier works well when the command
signals are within the tracing range, and both duty cycle restriction strategies are effective and achieve the design performance when the
command signals are out of the tracking range.

Keywords : power amplifier; three-leg circuit; space vector pulse width modulation; duty cycle restriction strategy
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Fig. 1  Three-leg circuit
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Table 1 Duration time of various voltage state vectors in

different zones

X3 Al A2 A3 A4 A5 A6 A0/AT
I x ¥ 0 0 0 0 T-x—y
I 0 y+x -x 0 0 0 T-y
I 0 0 ¥ —x-y 0 0 T+x
v 0 0 0 -x -y 0 T+x+y
\ 0 0 0 0 —y—x x T+y
Vi xty 0 0 0 0 -y T-x

FERRAS PWM 7 LS I 79 A s 15F 220 3P i 48 2 1
5 emd FIZEPE L ASEPRELT i, 8 3 1 RS
JER R AR SEIHA], SR )5 76 1% PWM 78 L J) 300 PN 42 3 2
I ) 6 451 FL P 2R 22 () D) 48 FlL IR 285, A4 F RS
X oz A AH L 1 = i il 5 5 S1,82,83, AR A RS
AT EREF TG Y, 7E3% PWM 70 B JR 145 et | 268 Ay
S B L YR B R 46 5 22048 415 5 45 8 I T A FL AL, R
EREN, FERT PWM e AT LR 2 Rk

IR 7 A R (A0, AT i —Fh ) 1R
We PR ML B R . 24 A3 1 A6 S LR R B Y SR
WK A LB, BB B anT BRI Rl b A BE UK, AR S
FEHS L Bk,

2 TG = L PR SR B

HT—4 PWM AN T, BT IEK .

t,+t,<T (14)
SN TR 1 (FHER T A0/AT HFRREERTTH] ) .
to=T-1t,-t,=0 (15)

MG 1 hiRIG—51 1, BT AKX TR E] 0,y
AR BRI R ( BRSO A% B ER BTG ) , 18] 3 152
WP . B EECT XN TR 1 PR X

y

T

II
ik 1

v VI
\4

T

B3 LBl SVPWM BRER
Fig.3 The tracking range of the 7 segment SVPWM

(D) FM(2)HEA R AN A AR Z—4 PWM
JEVH P9 BT 5 B LR AR B
—A~ PWM JE ] 2R P8 F SEBR A B IR AR LN

Ail =

=

(16)

B
AiZz% (17)

FITLL o A1y Ab7E & 3 RGBS 38 4 v s, SRR L 3
Ak Ai FIFT R B AS AL AT M5 | X 7R R 35 FE I IR it 0
AR E T8 A5 5 0 IO IR By, H 2
Mgl A S Bh BT 58 A8 B A E AL, 18 A E S
emd1 5% cmd2 TE—A4> PWM JE I 928 1L (BR48 215 5
FIARPE BE ) K 2 ad K, S8 o Ay M T PRI, A



CERR]

Fali— A WK I AR OIS 23 18] 5 8k 58 98 i 5505 14 o s L FR ) S 251

THER (15) ST, B 2500 « A1y (B a5 b ) EAT BRI
PRI, SEPRRL AR Ai 23 /N T Frds s A2 6 AT, GRS HL
TERER KA TR H , AR 7 25 LU BR ] 3R w2 % D 32
KRR AR R B2, T AR R, A S0
T2 Bty A L PR SR
2.1 SLEBEKEE

S5 Ll DB R W 1) AR 2 2 4 A A8 b R i B S 3
oo vy 7 R R Y PRI I 5 4 A8 b R A bR 1) 4 P P U
IR 84 728 b ok B 18 1) 42 P Pl i 2 LR/,
SRR LRI Y R FLAR B (R —> PWM S
WL LR E i m E i S i R 2 ) 5
IZER B X N 1 48 A AE 5 Y AR b R N IE Lt 1
F(9) . (10) B H B & 1y 2345 Hb 200K s PR 1 5
oy DRI AE IR R I K

'

x—x' y-y

= (18)
x y

SRS TR — SR A

x' + y’ =T (19)

fitis

o =x ty T (20)
N

Y= T (21)

I, " Fy" FTLAREE YRR « Fly e h— /DN F 1L EY
FHCERD], kha(22) TR
T
x ty
PR A R R A0 5 — R BRS AL GE Y o5 25 L BRI
SRR (2 T2 RS 5 — R IR A A XA, 72
O R BRI A — BRI 7 25 LR B S R DR R A
IR TERE

k=

(22)

il

X

K4 55 R BR 5 As HERR SR 0 et
Fig.4 Improvement of duty cycle restriction strategy in the

second quadrant

W 4 Bz, MBSk Fn AL ST R R D7 5, B R
HAGIREL B « A0y i/, BRAE 0 (7, ") AT 58
Ab o BERSHT T o Ay SR T PR R R 2 Bk

B E SRR BRI R (R X ) B« BT IR FI R
S5 Y1 P T B A P e A, PRI o OO/ INAS S 2 1) (U
y BN LB, PR el e B BR N S ok
SR AB/N 3 AR EE o ARAE BRBS 0 («7, y') AT IR
BEIAL AR SE 4T IR 158 — B Al A i ok 1L, ELXT
PRI /IN T2 B /N T, A ) S35 R 2 1 Pk e R H R B T
100% .

Wl s s, TSR S AR T 58 51 4 L
TRMEXT o Ay ABR G =X, B3k M5 100 « Ry AR R
Jrml, B R R RS (2, v FESRE R
x Fly [FIBSSfe LA R Bk A S T (x, y) T 5 R A E L
BB (x', y') o B DU RS 5143
A3 AR

y
®
|
= I
*D 1l
@®
1t P
: l X
1 1
v VI
v Be—
oD
T T

KIS A5 H il o s J B

Fig.5 Equally proportional reduction strategy schematic diagram
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Table 2 Equally proportional reduction strategy
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Fig. 6  Period bisection strategy schematic diagram
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