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Posicast PID xn-2) Stage PD Cascade
Controllers for Magnetically-Levitation System

Panupong Surintramon, Pittaya Pannil, Prapart Ukakimaparn, and Thanit Trisuwannawat

Abstract—When a plant to be controlled is third or higher By placing the zeros of the designed controller in the way
n™ order, the PIDx(n-2) stage PD cascade controllers are very of Kitti's Method, the overall controlled system is
suitable to be applied for control. To verify the advantages of gpproximated as a standard second-order system. From the
these controllers, the Magnetically-Levitation plant is then response to a unit step input, the maximum overshoot
selected as an example of unstable plant to be stabilized andoccurred at the first peak timgewith the amplitude of 1M,

controlled. The design technique is based on placing the . . . . .
controller zeros. The overall controlled system can be If the unit step input is reshaped into two parts. The first

approximated as a standard second-order system prompt for Part is the step input with amplitude of 1/{d3 att = 0.
designing the Posicast controller to obtain the output response 1Nhe second part is a stair with amplitudeMyf(1+M;) and

with no overshoot in the last step. delay caused by the tintg(or written by e **) as shown in
Fig. 2 [2].
Index Terms—Magnetic Levitation system, PIDx(-2) stage
PD controllers, Posicast Controller @ e
input ) output
I. INTRODUCTION
. L d/(1+d) > D%(

Because the PID (Proportional-Integral-Derivative) ——

controller is properly applied to a typical second order Gain Dolay
plant only not for anyith order. In order to control a third or Fig. 2. SIMULINK diagram.

higher nth order plant, the PID®{2) stage PD cascade
controller design based on root locus technique is proposed
in Continuous-Time (CT) framework [1]. The original . METHODOLOGY

design technique known as "Kitti's Method” is aimed 10 Fjg 3 shows the steps to design digital control systems
satisfy the desired specifications without trial and errofg) The major steps are plant modeling and controller
Then, the forward controller is employed to decrease thgsjgn,
undesirable overshoot, the controlled system structure
becomes two-degree of freedom (2-DOF) system as shown
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Fig. 1. Structure of the 2-DOF control system.

Fig. 3. The steps of the digital control system design.
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Controller Amplifter Electromagnet Q(S) = )S Lm§+ 3( Rrﬁs_ (kl Ls (10)
gge;ating R_& hoA kiOR+ Gc (S)kg B= 0.
Equation (10) can be rearranged as
Photoresistor Light Source Q(S) — 1+ GC(S) k)6 B . _ = 0 (11)
xLms + x Rm&- kils kiR
Fig. 4. Magnetic levitation control system.
and
The system’s dynamic equations can be obtained as kB
G.(9)—
follows. A oL
Q(s9) =1+ =0. (12)
i\’ ot [ Ko | o | Ko ( S+Rj
f= C(;j Q) mx, my L
e= Ri+ L% (2)  Substituting the parameters into (12), yields
d’x 60995, )
m——=mg- f ®3) 9 =1+ i =0. 13
dt® A (s+49.5)(s- 49.5( s+ 58 (3)
where
f is an electromagnetic force.
i is a coil current. controller
X is a distance between electromagnet and ball bearir G.()

Cis a constant.

e is a voltage across the coil.
R is a coil resistance.

L is a coil inductance.

mis a mass of ball bearing.

g is a gravitational acceleration. Fig. 5. Block diagram.
The linearization equations describing the variations from TABLE |
. . . . . NOMENCLATURE
the operating point are obtained by using only the linear
terms from the Talor series expansion. If the variables of the Symbol Quantity
operating point are expressed with subscript “0” and the %, 0.008 m
variables at the neighborhood of the operating point are m 0.068 kg
represented with subscript “1,” then linearlized equations are R 280
. , L 0.483H
f, = 2C2|0 i, — iy X, 4) io 0.76 A
X X C 7.39%10° N nf /R
_ di, k 1.756 N/A
§=Ri+ L (5) B 1.14+ 16 V/m
2
md Xy ©
dt ;
B. Controller design
Laplace transform of (4)-(6) yields Let the nth order plantG(s) to be controlled by the
controllersK(s), their transfer function is assumed to be
[ iven b
F(s) = k{ W33 X( s} (my Ve
K
E(9=(R+ L3 ](3 (8) G(9 = SIS0 S"”) Ts1
ms X (3= K (©) : } (14)
, 60990
i = y n= 3, N = 0.
where k=2C-2. (s+49.5)(s— 49.5)(s+ 58)
X
i ) o If the PID controller transfer function is
The block diagram of the magnetic levitation system is
shown in Fig. 5. The characteristic equation of the control K (s+2)(s+ 2)
system can be obtained as follows. Kep (8) = K, +— K 5= K #, (15)
s s
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where K, K;, andK, are a proportional gain, an integralHence, one of the dominant closed-loop poles is located at
gain, a derivative gain, respectively. Hence, the PD

controller transfer function can be stated as S, = —42.354+ | 44.41¢ (23)
Kep(8) = K, + Kys= K (st 7). (16)  The open-loop transfer function withomy, ats, is
The open-loop transfer function for the PID»Y) stage PD KGwoz,( §) =

controllersK(s) and the plants(s) is 80.734 2048

(s, +49.6) (s, + 58.1)60990

PID Controller (n-2) PD

s, (s +49.5)(s+ 58)(5- 49.5) (24)
Koa(s+2)(st 2)x Ki(s g)- K e T T
KG9 =—" s o 5 . . (17 |133.639_ 80.86__70.595 154.194
st pls p(s P KGwoz,( ) = [3.025+ | 9.26R¢ 71.927
nth order Plant D
9.75
or,
The angle from the zera,, to s, is
Pre-assigned
——
arg(z,, )= = — ard KGwozpd =X
KG(S):K(S+49.6)(3+ 58.1) 6+ 3, )6099C o 9(z,q )= 7 — arq pd(s)=« ($+ %) (25)
S-(s+49.5)(s+ 58)(s- 49.5) =108.073.

3rd order plant
Now, it is implied that

By using Kitti's Method, z, =49.6 and z, =58.1 are first

assigned, then find onlg,, and K from the following root 151,214 /108.073
locus angle and magnitude conditions. £KG(s,) = (S, +49.6)(§ + 581G + 2 )6099F
S, - (g +49.5)(g + 58)(§— 49.5) (26)
£KG(9) =+(2k+ D7z, k=0,1,2;- 439.287
(19) '
|KG(9)|=1. =151.214+ 108.073- 439.28%2— 180.

The _(_jesir_ed specifications_ to be designed are usuaynce, £(s,
specified in terms of transient and steady state response i )
characteristics of a control system to a unit-step inpdecated at the right hand side gf as
exhibited by a pair of complex-conjugate dominant closed-

+2,) Is greater tharf0', so the zeroz,, is

. Im(s
loop poless,, =—¢w, + jw,J1-¢? as follows. Z :|Re(sﬂj— | ( ‘*)| = 27.86. (27)
tan(z - £ (8 + )

—{r

Percent OvershooP(O :)iﬁjx 100% 50 The controller gainK can be found from the magnitude
C ‘ (20) condition of the root locus technique as follows.
—|n(o.o 1—42)

Settling Time {{ = o =0.1secs. 61,373 44,987 47.091 102.029

" (£2%) _|s] |s+498/s+58 5- 495 2195

= = . 28
| | o /s, +49.6)s + 58l 5 + 27.96 60900 1001 0
From the given desired specification in term of the “—+———

Percent Oversho¢P.O.), the damping ratio is 45.003 47.125 46.721

Hence, the magnitude of the open-loop transfer function

42\/{'”@3)}/ {”2{'”(5)6%)}2}:0-69, i ke s

_Find  preassigned  Fing
and from the given Settling Timet (+2%)}, then the (2-195j|sd+49_q|%+58_m§+ 27.86 60990

; 1000
undamped natural frequency is =1. (29)
|s;||s +49.8|5 + 58 - 49.5

—|n(o.o T 2) _ _

o = ¢ - 61.373 rad./se (22)  Finally, the open-loop transfer function can be expressed as
" gty follows.
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by the designed controllers with excellence. In Fig. 9, the
K 6)(ST58.1)(s+ 2,)60990 y 9 9- 3
KG(9 = (5+49°0)(5¥58.1) %) , unit step response in red solid line is for the PBX) stage

S(_s+4975)(S+58)(s-49.5) (30)  PD cascade controllers in the control loop at the designed

K =2.195¢ 10° , z,,= 27.86. value only. The response in green solid line is for after the

forward controller is introduced. From placing the controller
zeros close to the poles of the plant, the overall system can
ro .

B then approximated as a standard second-order system

with no zero and two poles only. Then, the maximum

To decrease the overshoot caused by adding the z
(s+z,) to the open-loop transfer functiokG(s), the

following forward controller is introduced. overshoot is obtained within desired value. Once, the
properties of the second order system are known, it is easy to
K, (s) = zpd/( St 7pd) (31) design the feedforward controller, which is a Posicast pre-

filter for shaping the reference input using either two or

. . s three steps. The blue solid line is a response to a two-step
The overall system is then approximated as if it is a standar ) )

input shown by white dashed line. The last magenta dashed
second-order system as follows.

line is the response by increasing the controller gain to ten
times of the designed value.
Y(3 N[ Z, J[ K(s+7,)60990

R(S 527, )| S(s-49.5)+ K(st 7,)60990
K6099,,,
= , (32)
s’ +(K60990- 49.5s+( K 60994, )
—
84.383 3.73x 16
N 3.73x 16
§°+2-0.691 61.073+ 3.73 0
¢ o w?

From the response to a unit step input of a standard seco
order system, the maximum overshoot is

0

M. e Z0.05 ¢ = 0691 33 —
p=€ =005 ¢=0. (33) Fig. 6. Root loci for Magnetic Levitation system.
This maximum overshoot is occurred at the peak time, A 36

T

% x 4
t =— % _0.071secs., w, = 61.073radls (34) I ' '
P o, /1_4’2 | T—««/V\[:-

b4 3 TS5}

In order to achieve the response with no overshoot, the unit v _ g
step input will be rescaled by the fact@+M ) in two ‘E i T :
parts as follows. : : x
x
Posicast 3P $ ) < stable region unstable region >
1 + Mp e*tps =1— Mp + MP e:tpS_ (35) Fig. 7. Stable / Unstable region.
1+M, 1+M, 1+M, 1+M,
— _— [ ——— _—

2}

lll. SIMULATION RESULTS

Fig. 6 shows the root loci of the magnetic levitation
system. It is evidently seen that it is unstable system i
nature, because there is a real pole in the right half plan
corresponds to an exponentially increasing compoGeafit
in the homogeneous response, (where the congtans
determined from the given set of initial conditions) as shown
in Fig. 7 [5]. After the PIDx{-2) stage PD cascade
controllers are applied, the pole from the integral term at thg ..
origin then can brings the unstable pole across imaginar 80 60 -40 F;Zeglmso
axis toward the left half plane as shown in Fig. 8. It can be
concluded that the magnetic levitation system is stabilizable

Imag Axis

Fig. 8. Root loci for the controlled system.
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Fig. 9. Unit step responses.

IV. CONCLUSION

An unstable, third-order magnetic levitation plant has
been selected as an interesting maglev plant to be controlled
by the proposed PIDw{2) stage PD cascade controllers
with incorporating Posicast controller. It seems to be that
there are three steps to design the controllers in this paper.
The first step is the design of the PIDY) stage PD
cascade controllers. After finish this step, the settling time
may be satisfied, but may not for the maximum overshoot.
The second step is the design of the forward controller to
achieve the maximum overshoot within desired value. Then
the overall controlled system is approximated as a standard
second-order system that prompts to design the Posicast
controller in the last step.
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