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On Lag Controllers: Design and Implementation

Marcelo C. M. TeixeiraMember, IEEEand Edvaldo Assuncédlember, IEEE

Abstract—Sometimes it is inconvenient or expensive to open the

loop of a system to insert lag controllers—for instance, when this R(s) +-E(s)
system is an open-loop system. A new controller structure where - G(s)
the loop is not opened, and that allows the design of lag controllers
as in the case where one can open the loop, is presented. This re-
sult can be used by educators in undergraduate courses that deal
with classic control system theory, because it allows a better com-
prehension of the concept of lag compensation and provides a new
method for its design and implementation. An example illustrates
the application of the proposed method. H(s)
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Index Terms—Classical control, frequency response, lag con-
trollers, root locus, transfer functions.

Fig. 1. The system without lag controllers, whe®&s) is the plant (and
controller) transfer function anH (s) is the sensor transfer function.
|. INTRODUCTION

AG COMPENSATORS, lead compensators, and lead—lag g) praw a new root-locus plot for the compensated system.

compensators are widely employed for control designers | ocate the desired dominant closed-loop poles on the root
to meet the required performance specifications [1]-[7]. locus.

The design of control systems with these controllers is an 7) Adjust gaink of the compensator from the magnitude
important topic in many undergraduate engineering courses  ¢ondition so that the dominant closed-loop poles lie at the
that deal with classical control system theory—for instance,  4esired location.

electrical and electronics engineering, mechanical engineeringRemark 1: The design method proposed in [7] adopted

mechatronics engineering, and chemical and aerospace e%gd:g) _ 1in Fig. 1. The design steps above are not restricted
neering courses. n

. . . to H(s) = 1.
Lag controllers are suitable for the case in which the SyStem{\lote that this design method, based on root locus, assumes

exhibits satisfactory transient-response characteristics 9%1

unsatisfactory steady-state error [7]. For the system shown i t the system has the form described in Fig. 1, and the lag

. - controller is inserted as shown in Fig. 2 [4], [5], [7]. When this
Fig. 1, th.e procedgre for designing lag controllers by rOOt_IOleQ,?/stem is an open-loop system, the design method above cannot
method is shown in [7]. be directly applied. For example, consider a dc servomotor [7]
1) Draw the root-locus plot for thg uncompengate_d systefascribed by the transfer functidfi(s)/V(s) = K/(rs + 1),
whose open-loop transfer function@&s)H (s) in Fig. 1. wherew(t) is the rotational velocityy(t) is the voltage, and
Based on transient-response specifications, locate tReandr are positive constants. For a step inp(t) = A
dominant closed-loop poles on the roots locus. ¢ > 0, the motor can present an adequate transient response and
2) Assume that the transfer function of the lag compeny nsatisfactory, steady-state error. In this situation, the motor
sator is as described in Fig. 2. Then the open-l09p 5y open-loop system, and itis not possible to apply the design
transfer function of the compensated system becomgs, o described above. In some cases, it can also be inconve-
Go(s)G(s)H(s)- _ _ . nient or expensive to open the loop to insert the lag controller,
3) Evaluate the particular static error constant specified n specified in Figs. 1 and 2. An example of this situation can

the problem. , _ , be found in Section Ill. To avoid this problem, a new control
4) Determine the amount of increase in the static error cogy ,ture for lag controllers is proposed.

stant necessary to satisfy the specifications.
5) Determine the pole and zero of the lag compensator that
produce the necessary increase in the particular statidl. DeSIGN AND IMPLEMENTATION OF LAG CONTROLLERS
error constant without appreciably altering the original
root loci. Let
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Fig. 2. The usual implementation of lag controllers.

note that the system described in Fig. 3 (c) has the same fdmrthis situation, the design method can be applied. Following

as that given in Fig. 1, for the method given in Section II, first the authors feedback the
system given in Fig. 3(a) twice, as shown in Fig. 3(b). Note that
H(s)=1 and Y (s)/R(s) = Y(s)/Rx(s) in Fig. 3(a) and (b). In Fig. 3(c),
Gu(s) the internal transfer function is shown in (2) at the bottom of the
G(s)=—FF——.
(1= Gul(s)) page.

) Now, the system in Fig. 3(c) is in the adequate form described
Therefore, one can apply the well-known deS|g_n me_thod ¥ Fig. 1, for H(s) = 1, and the seven steps described as a
lag controllers using root locus [4], [5], [7], described in SeGyrocedure for designing lag controllers by root locus method

tion I, considering [7], shown in Section I, can be applied. In step 1, the dominant
G (s) closed-loop poles-5.4236 + 47.2157% are found. The static
G(s) = % and position error for the system in Fig. 115, = G(0) = 1, and
(1= Gus(s)) therefore the error for a unit step is
H(s)=1
in Fig. 1, because now it is possible to open the loop. The com- e(o0) = 1+ K, e

plete controlled system is displayed in Fig. 3(d). The stability
of this system [Fig. 3(d)] is guaranteed f&r~ 1, 5 > 1, and
for positive and large values @f.

In Fig. 4, curve (a), the unit step response of this system is
shown.

Now, the specification ig(co) < 0.02, for a unit step input.
Therefore, from the steady-state error equatior) = 1/(1+
K,), itis required thati{,, > 49. Hence, the authors specify

Consider the transfer function of a closed-loop electrohys,, = 50, and the amount of increase ki, is 50/1 = 50.
draulic servomechanism [4] given in (1) at the bottom of thehen, G.(0) = K3 = 50. The authors adopk = 1 and
page. In this case, the designer can access only the input gne- 50. Finally, they must specif{f” for G.(s) ~ 1/0° for
output of the closed-loop systems (see details in [4]). s equal to the dominant poles. F@r = 0.1 ands = s, =

The unit step response of this system is shown in Fig. 4(a)5.4236 + 47.21575, it follows that
Note that the steady-state error is 0.5. Assume that the transient K(so+ 1)
response is satisfactory and that the steady-state error that sat- _aWoTg) £Q/_ o
isfies the specifications is(cc) = 0.02 for a unit step input. Gelso) (s0+ 7) 0998592~ 118497

I1l. AN APPLICATION

2.5330 x 107452 + 1.5915 x 107 3s + 1

G = . ) 1
w(s) 1.0340 x 10553 + 9.9761 x 10—*52 + 3.2960 x 1025 + 2 (1)
Y G
(3) _ G(S) _ bb(s)
E(S) 1 — be(s)
2.5330 x 107%s% + 1.5915 x 10~2s 4+ 1.0000 @

T 1.0339 x 10553 + 7.4431 x 10~*s2 + 3.1368 x 10~2s + 1.0000
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Fig. 3. Description of the proposed method. (a) Original system. (b) Equivalent system. (c) Equivalent system. (d) The proposed implemegiitnaides.

Although the angle is not so close t®,@he unit step responseerror, but the control structure described in Fig. 3(d) is more
shown in Fig. 4, curve (b), is adequate. Theref@re; 0.1 isa robust.
convenient choice.

The controlled system is described in Fig. 3(d), whére-
0.1, K = 1, andg = 50. IV. CONCLUSION
Note that in this example, the authors could Ud&) = A method for the design and implementation of lag con-

KOR(s) in Fig. 2(a) and specify{, for a suitable steady-statetrollers without opening the loop and using the well-established
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Fig. 4. Unit step responses of an electrohydraulic servomechanism. (a) Original system. (b) Feedback sydtem wjth' = 0.1, and3 = 50.
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The proposed design method and implementation of lag con-
trollers can also be used for lag compensation techniques based
on the frequency-domain approach, for example, the design pro-
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