Simple Analytic Method for Linear
Feedback System Dynamics

M. E. CLYNES

NONMEMBER AIEE

HE Laplace transform method for

analyzing the transient response of
feedback systems is laborious.! Syn-
thesis by this method is almost imprac-
ticable. The graphical methods which
were developed by Nyquist, Bode, Evans,
and others allowed the analysis and syn-
thesis of linear feedback, systems to be
made with considerably less effort %4

Methods using infinite series to approsi- .

mate the transient response from the
open-loop transfer function were de-
veloped by Tustin, and earlier by Bed-
ford and Fredendall.»&

The analytic method presented here
takes as its starting point the open-loop
transfer function. It eliminates the cal-
culation, in each individual case, of the
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closed loop transfer function and the
solution of the characteristic equation,
General solutions of the characteristic
equations are given in terms of the open-
loop parameters, for the systems con-
sidered in this paper, viz., single-loop
systems and simple multiple-loop sys-
tems. These solutions give the transient
behavior,

The method is well suited for synthesis,
as the characteristics of the system com-
ponents keep their identity in the
analysis. The results are accurate for
certain systems, while for the others ap-
proximate solutions are given well within
most practical requirements.

Nomenclature

K, Ky, Ky =steady-state open-loop gain of
O-type, 1-type, and 2-type systems
respectively

@), we, wy=reciprocals of r, 73, 73, the open-
loop lag time constants respectively

w=the undamped natural frequency of the
closed-loop system

{=the damping factor of the closed-loop
response, ie., of the governing
complex roots

{in=the damping factor of our imaginary
system having the three slowest lags
of the system considered with the
same system gain

{u=the damping factor of an imaginary
system having the two slowest lags
of the system considered, with the
same system gain

7=the pure exponential decay time constant
in 3-lag system transients

% =the gain margin for uncompensated 3-lag
systems

p=the ratio of the multipliers of the two
transient components A/B

Y=angle

2-Time Lag System

As an introduction to the method, con-
sider a system of an open-loop transfer
function G(s). The closed-loop transfer
function is then

G(s)
M(x)—l_*_G(‘) (1)
Consider first
K
'G=(1+71-‘)(1+r:-ﬂ
Then
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