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Controller Design of BLDC Motor Fin Position Servo System by Employing
H-infinity Loop Shaping Method

He-Lin Zhu!, Hyung-Soo MokT, Hyeong-Geun Lee?, Soo-Hee Han’, and Hyeon-Uk Seo®

Abstract

This study proposes a robust control of a fin position servo system using the H-infinity loop—shaping
method. The fin position control system has a proportional (P) position controller and a proportional - integral
(PD) controller. In this work, the position control loop requires a wide bandwidth. No current control loop exists
due to the compact design of the system. Hence, the controller parameters are difficult to determine using the
traditional cascade design method. The H., controller design method is used to design the controller’s gain to

achieve good performance and robustness. First, the transfer function of the system, which can be divided into
tunable and fixed parts, is derived. The tunable part includes the position P controller and speed PI controller.
The fixed part includes the rest of the system. Second, the optimized controller parameters are calculated using
Matlab H_, controller design program. Finally, the system with optimized controller is tested by simulation and

experiment. The control performance is satisfactory, and the H. controller design method is proven to be

valid.

Key words: Fin position servo system, BLDC(Brushless DC) motor, H-infinity loop shaping

o A Ao} A" 25
okl A ol AHgETh dw
AlZz=go A Aol7] 9] Fx=
7], 2 Al PI £% Alo]7]
01717} WA == cascade Aol 7H

oj71e] At AA Al jFAle] F= o] 9

Paper number: TKPE-2019-24-1-7
Print ISSN: 1229-2214  Online ISSN: 2283-6281

T Corresponding author: hsmok@konkuk.ac.kr, Dept. of
Electrical Eng., Konkuk University
Tel: +82-02-450-3479 Fax: +82-02-457-889%

}Dept. of Electrical Eng., Konkuk University

fServo Motor Research Center, LC-TEK Co., Ltd.

3Dept. of Creative IT Eng., Pohang University of Science
& Technology

4 Dept. of Al Machinery, Korea institute of machinery &
materials
Manuscript received Nov. 9, 2018; revised Nov. 26, 2018;
accepted Dec. 19, 2018

<

Yoz ggre Hoj bul o] =
o T

Ajel7] ol Az JeqFS 7AA Fedq? goja
[}

AFAe F=Z71 & 7
o]7] Al AAZE ofH YA A Hrt 53] A
Ao N2 T =S AoYds etEe
AA Ao Y& FAHZE A/ Alof7]
TkHz7} = ojo} sh=t] A& % PWMA9H
TAHkHz7 &7-dh d9o] & dFA7= 7}

S Wk ofyg} Alojr]e] At REm AXA
shite] Aoj71E of g o] <Aooy 94X

45 olegh EAE FEHAA . o] d

Al A8k oF
1

4 cascade W2ol W&
o 3

gy

-

L

&

S
B2y
ol

= 2 A oy

flo 4o
2,

>,

o2
2
N

2

ot

X
i of. ton Ho

ox Hr rE 2 N g2 o i L QN r|r
ST
i
32

off olt
tlo nlo



50 H-infinity Loop Shaping '#< o] &3

R Y °}2/;'2/§

L |~
e’ g agw— T
BORRE URTER:

(a) (b)
Fig. 1. Exitaction state of a BLDC motor: (a) A, B phase
are excited, (b) A, C phase are excited.
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Fig. 2. Equivalent circuit of a BLDC.
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TABLE 1
PARAMETER OF THE FIN POSITION SERVO SYSTEM
Parameter Value Unit Description
R 2.4 [0} Line resistance
L 0.34 nH Line inductance
J 9.3 108 kgm2 Moment of inertia of
the system
B 2.22%107?| Nms | Viscous damping
K 0.01 Nm/A | Torque constant
w, 65 Hz Position control bandwidth
Iﬁ:
e TL
rmlad T 0] e Xr o [T] ¢
Ls+R Js '_’

Fig. 3. Block diagram of fin position servo system.
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Fig. 4. Hcocontrol optimization configuration: (a) General control
configuration, (b) Stability robustness.
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Fig. 5. Targeted loop shape of position control.

TABLE 1I
CALCULATED CONTROLLER PARAMETER
Paremter Value Description
K, 0.0861 Speed controller P gain
K 2.35x107¢% Speed controller I gain
K, 412 Position controller P gain
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Fig. 6. Targeted and actual loop shape of position control.
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Fig. 7. Closed loop of position control system.

/\]gfiﬂol del AedE =ol7] Sl A7,

Aojok A gAE Alo)7IE

?“38}915}. A AAA] 5% AAAE Wa R AgA
3]

71A stet

Aoz A5 7} s ol B
o). WA BLD SAlolo] AHgaHE
PWM 4 & H}O%ﬂ}(Blpolar) PWM 4& A1g81%
UYL )z BRAAE FEsaR o )
# MHFIE Defdlol Aol el WS
a9 98 Bl Aol A HE 65Hz AT
AhE Wl 9% Fae et a4 4
AN 93 2 AFY ] AR 529° 2 8
1

SEEIECIERE

@
rN
Om
:\9
)
pl=



The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 1, February 2019 53

Angular velocity

057

deg/s
o

-0.5

1F

| I | |
0 001 002 003 004 005 006 007 008 009 0.1

Fig. 9. Simulation of position control response - 65Hz
sinusoidal reference input.

TABLE III
POSITION CONTROL PERFORMANCE COMPARISON
BETWEEN TRANSFER FUNCTION AND SIMULATION BY
SINUSOIDAL INPUT AT 65HZ

Transfer function |Simulation result| Error | Unit
Gain -3 -2.43 052 dB
Phase 54 52.9 1.1 deg

Position step response

Angle

Fig. 12. 0~15 degree position step response and its input
current, PWM output, by tunded controller(Experiment).

TABLE IV
0~15 DEGREE STEP RESPONSE COMPARISON BETWEEN
SIMULATION AND EXPERIMENT

Requisition | Simulation | Experiment | Unit
Lo 24 11.03 1247 ms
time
Over
shoot 05 0.06 0.21 deg
TABLE V

0~15 DEGREE STEP RESPONSE COMPARISON BETWEEN
DESIGNED CONTROLLER AND TUNED CONTROLLER

. Proposed Tuned .
‘ zgsiian controller | controller (Uhatld
| . .
Lt 24 1247 14.14 ms
time
0 001 002 003 004 005 006 007 008 009 01 Over
. .. .. 05 0.21 0.29 d
Fig. 10. 0~15 degree position step response and its input shoot e
current, PWM output(Simulation).
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Fig. 11. 0~15 degree position step response and its input
current, PWM output, by designed controller(Experiment).
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