TELKOMNIKA Indonesian Journal of Electrical Engineering
Vol.12, No.2, February 2014, pp. 1278 ~ 1284
DOI: http://dx.doi.org/10.11591/telkomnika.v12i2.3934 m 1278

Based on Anti-windup Pl Brushless DC Motor Control
System Design

Jing Li Miao*!, Xiao Guang Huang? Xiang Meng Yuan®
"Hebei University of Engineering, school of information and electrical engineering
Handan city, hebei province HanShanOu 199 south street light
Ph./Fax: 13103009600
*Corresponding author, e-mail: miaojingli@sina.com

Abstract

In this paper, on the simulation model of brushless DC motor, for brushless DC motor speed
controller adopts Anti-windup P saturated controller. According to the output of the controller is saturated,
integral output feedback to the input, by the integral state control. It is that integral controller using the
conditions with the computing strategy of control algorithm, so ensure the controller when a saturated. As
soon as possible from the saturated zone, reached the overshoot volume is reduced. The simulation
experimental results show that the control method can effectively inhibit integral saturation and implement
system response speed. It is good that the system has good robustness and steady-state performance.
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1. Introduction

With the rapid development of electronic technology, the new motor control theory.
Brushless dc motor with its simple structure, high reliability, good performance characteristics,
has been widely used [1, 2]. As the application fields of BLDC motor continues to expand. The
motor control system design requirements more and more high. Not only control system design
should not only control algorithm is reasonable and effective, motor control performance is
good, but also low cost, short development cycle. As a result, the motor simulation model on the
basis of the study of its controller design is of great significance [3, 4].

In the paper, the simulation model of brushless dc motor controller algorithm is applied
in Anti-windup PI control. Because the motor is non-linear, time-varying and system in the
presence of static error, adjust proportion and integral coefficient. The traditional PID control
algorithm is difficult to meet control requirements [5-7]. Anti-windup of the control algorithm is
applied in this article is Conditional integral method and reverse Calculation method, with the
combination of control strategy. Whether conditional integral method based on the output of the
controller by limiting to choose integral action, make the controller in the P control and PI control
to switch between nonlinear control method; reverse calculation method is the input and output
of saturated nonlinear differential feedback to the integrator input terminal, reduce the integrator
input, thus inhibiting the Windup phenomenon [8-10]. In this paper, the control algorithm
guaranteed the controller appears when saturated. The exit of saturated as soon as possible, so
that the overshoot volume is reduced. The simulation and experimental results indicate that
design of the system parameters satisfy the performance requirements of the system. Not only
make the system response speed, and make the control system achieved good control effect.

2. The Mathematical Model of Brushless DC Motor

Based on the three-phase six states, star connection brushless dc motor as an example
to research design. It is based on the analysis of the mathematical model of brushless dc motor
and electromagnetic torque and so on characteristics. The motor three-phase winding state
equation:
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u, r 0 0}fi, L-M 0 0 di, / dt e, 1)
U, |=/0 r Ofi, [+| O L-M 0 di, /dt [+] e,
u, 0 0 rjli, 0 0 L-M || di. /dt e,

In the equation: U,,U,,U.: &,b,C each phase winding voltage(V); i,,i,,i.: a,b,c each

phase winding current(A); L —M : effective electromagnetic induction(H); €,,€,,€,: a,b,c

contrary to the electromotive force(V); Motor electromagnetic torque generated by the stator
current and rotor magnetic field. The electromagnetic torque expression is:

T, = (ei, +ei, +ei)/w=K;i @

T, : Electromagnetic torque (N - m); W: mechanical angular velocity( rad -S’l); K; : coefficient

of motor torque.
The equation of motion of the machine:

T—TL:J(:j—\f[VJrBW @3)

e v

T,: load torque(N -m); J: torque moment of inertia(Kg -m?y; B,: damping coefficient (
N-m-s-rad™).

3. Brushless DC Motor Control System Design

Anti-windup PI controller is made up of conditional integral method and calculation
method of control strategy. It is purpose to make the system of saturated nonlinear output
similar to saturated linear output without as much as possible. For PI controller, because of the
controller has integral link, to windup phenomenon. The condition of integral method is a simple
effective method to limit the phenomenon, thus stop or limit integral action.

3.1. Anti-windup PI Controller Design
According to the type (2) (3) the equation of motion of the machine, motor speed control
system can be represented by the following first-order linear system:

B

dw 1 .
r - _ _ 4
: (K, i(t)=T,) 3 w, 4)

dt

Make U, = KTi(t) for the controlled object of input, namely the reference current. Make the

controlled object is U, saturated nonlinear effects as follows:
o, =[S [l o
u if —i ., su, <i

n? max — n — "max

I - Maximum current input; sgn() : symbolic function; U, : output of the PI controller. The

output function satisfies the conditions—i_,, <U, <i _. for the linear area, or as the saturated

Zone.
The input and output are equal, namely linear area:

e(t) + K,e(t) = 0 ©
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K. : Proportional gain; € = W: — W, : speed error, W: : given speed. So:

u, =u, = K,e+n )
17 integral state (the integrator output).

If a given rotational speed is a big step or a sudden load torque, and the PI controller
output into the saturated zone, the output of the motor and the input range that cause Windup
phenomenon. By using the calculation method, that is the difference between the output and

input both constitute a feedback path (U, — U, ) as feedback signal to eliminate the error due to
saturation limit. It is purpose to suppressing Windup. Integral control law:

7 =ke-k,(u —u,) ®)

K, : integral gain; K, : compensation coefficient.

Anti-windup of the PI controller, this paper according to the control output is saturated,
the integral state control. One logical switch S to switch between 1 and 2, corresponds to the
controller of the unsaturated zone and saturated zone. When connect with 1 S, the controller
output for the saturated zone. As this time, feedback to the input end of the integrator. When S
and 2, the controller output as the unsaturated zone, integrator accumulative speed error. The

integral state M to meet:

?}: kie—kc(un—us),i-f u, # Uy )
ke ,if u, = uq

3.2. The Stability of the System

When the controller into the saturated zone, motor input preference current limiting
value that integral state rapidly converge to zero, and system in the saturated zone will
automatically enter the linear region. When the output of the controller in the unsaturated zone
(linear) that system is asymptotically stable. It is that prove the stability of the system and
respectively in the saturated zone and linear stability analysis.

(1) The controller in the saturated zone, by type (4) available motor speed error
equation is:

. B 1 . B .
e=——e——(K.i-T)+—w (10)
J J( T L) J r

By type (8), integral saturation area:

7;=kie_kc(un_uc) (11)

As integral state faster than speed error that it is immediately converge to zero when
the integral state in the controller into the saturated zone. By type (7):

u, = K,e (12)
When meet the |e| <. | Kp = E,, conditions, the controller into the linear area, or in the
saturated zone.

Define Lyapunov function:

V,(e) = ;—ez (13)
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And:

Vie)=ee--2e - Ko (Tu L Buye (14)

J J J J

(5) and (12) into (14), to:

\;l(e) = —%ez —we + (-I:]_L+JEW:)6 < _%eZ + [_%(KTimax _TL) + ‘]EW:]lel (15)
Make V,(e) <0, to:

Ko —-T .
|e| > M+ W (16)

When meet the |e| <i., ! K, =E, conditions enter the linear region, therefore return from
saturated zone linear zone conditions as follows:

T+ Blw, 7

max

B :
< (—+ Kp)i
(KP r)

When the motor satisfy condition (17), Speed error |e| will be smaller than E_, and the

m 1
controller at this time to return to the linear area.
(2) Controller in the linear area (U, = U, ), integrator accumulation speed error, error

equation:
. B K 1 B .
e=—(—+—L-=(n-T)+—w (18)
(J ] ) ] (n-T.) 7 W
Define Lyapunov function:

1
2K,

vz(e,n)=§ae2+ 1 -n.)° (19)

n,: n’s steady state value. Derivative with respect to:
V(o) = —(B + K, / )¢+ e[(BW, +T,) = 1,] (20)

Make V,(e,77) <0 and the integral state in the steady state 7, = BW. +T,, so to get the linear
stability condition:

< K .i (21)

T "max

T |+ B |w,*

When motor satisfy condition (21), the controller in the linear region in a gradual steady state.

3.3. Anti-windup PI Controller Simulation Model
According to the Anti-windup of the brushless dc motor principle of saturated nonlinear
PI controller of MATLAB/SIMULINK modules are shown in Figure 1 below:
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Figure 1. Anti-windup PI Controller Model

In this paper, based on the Anti-windup PI controller of the system is in response to a
given step of the process. When e(t) is smaller, the integrator backward integration in a timely

manner, and make the integrator saturation back ahead of time, reduce the overshoot of the
system. So Anti-windup PI controller can make the system response rapidity and no overshoot
and make the system has good stability.

4. Simulation and Experimental Analysis
The system simulation is based on MATLAB/SIMULINK simulation model and to verify
the effectiveness of Anti-windup PI controller. The simulation uses the motor parameters: rated

voltage 220V, phase inductance: L—M=00130H, damping coefficient: B=0.0002N*m*s/rad,
the moment of inertia: J :0.05kg-mZ, winding resistance: R =1Q, a log: np =1, rated speed:
n=1200r / min. Anti-windup of PI controller parameters: K, =10, k; =0.1, compensation
coefficient: kC =1. The dynamic performance of the machine: no-load starting motor control

system, after reaching the steady state. When t =0.2s sudden load T, =IN-m, can get the

speed of the system, current and counter electromotive force simulation curve as shown in
figure:
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Figure 4. A Reverse Electromotive Force Response Curve
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Experiment system analysis using TMS320F2812 digital signal processor as the
controller, power drive circuit adopts the single bridge rectifier, IGBT inverter and a large
capacitor filter. There is the current voltage hall sensor signal and the photoelectric encoder to
detect motor speed. Not only with RS-232 serial communication port, but also the experimental
data transmitted to the PC. The parameters of the motor and simulation is the same, and get the
measured speed of the motor, current and counter electromotive force response curve:
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| | | | | | | | |
| | | | | | | | |

E Y e

1000

r/min
ia(A)
o
T

500

200

Figure 7. A Reverse Electromotive Force Response Curve

By simulation and experiment result: based on the Anti-windup Pl controller design of
brushless dc motor control system can effectively inhibit the windup phenomenon of the
controller. Not only reduce the overshoot of system capacity and make the system response
speed is fast, but also make the system in the case of load parameters has good dynamic and
static performance.

5. Conclusion

In this paper, the Anti-windup PI controller is made up of condition of integral method
and the calculation method of control strategy. The controller in the brushless dc motor control
system has effectively suppressed the windup phenomenon of the controller. It is not only
reduce the overshoot of the system and make the system response speed, floating adjustment,
but also make the brushless dc motor control system has good robustness and dynamic and
static performance.
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