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ABSTRACT

Determining the poles of the dynamic system is a basic process for studying its stability on the one hand,
and determining the form of its response to a specific input on the other hand.

The poles are found by calculating the roots of the denominator of the transfer function that links the
system output to the applied input.

In this paper, the relationship between the poles of a second-order dynamic system (described by a second-
order equation) and its step response was modeled and simulated, by determining the basic parameters of
its step response, which are the time of maximum overshoot, the percentage of maximum overshoot, and
settling time, then deriving the mathematical relationships for the system’s poles in terms of these
parameters, so that the direct effect of the poles on the form of the response can be analyzed, through the
resulting mathematical models, which explains how to control the response using one of the control
algorithms.

The simulation was carried out on a mass, spring, and damper system using Matlab to verify the derived
mathematical models. The transfer function of the system was found, its poles were calculated, and the
basic parameters of its step response were determined. Then the mathematical models were applied and the
results were compared, which gave values Identical.

Keywords — poles, stability, transfer function, second—-order system, step response, maximum overshoot time, percentage of

maximum overshoot, settling time.
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% Poles using relation 1
s_1=(—4/ts)+i*pi/tp
s_2=(—4/ts)-i*pi/tp

% Poles using relation 2
s_11=(—4/ts)-i*pi*(4/ts)/log(Mp)
s_22=(—4/ts)+i*pi*(4/ts)/log(Mp)

Al adll g 35S0 ki

wn =2

zeta = 0.5
K=0.25

wd = 1.7321
tp = 1.8138
Mp = 0.1630
ts= 4

Pole_1 = ~1.0000 + 1.7321i
Pole_2 = -1.0000 - 1.7321i
s 1= -1.0000 + 1.7321i

s 2 = -1.0000 - 1.7321i

s 11 = -1.0000 + 1.7321i
s 22 = -1.0000 - 1.7321i
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m=1;

O

k=4;

F=1;

step([F],[m b Kk])

xlabel('Time [s])

ylabel(‘Amplitude [m]')

grid

wn=sqrt(k/m) % wn:undamped natural frequency
zeta=b/(2*sqrt(k*m)) % zeta:damping ratio
K=1/k % K:steady state gain constant
wd=wn*sqrt(1-zeta"2) % wd:damped natural
frequency

tp=pi/wd % tp:peak time
Mp=exp(-zeta*pi/sqrt(1-zeta*2)) % Mp: max
overshoot

ts = 4/(zeta*wn) % ts:settling time

% Poles as roots of Denominator ([m b k])
P=roots([m b K]);

disp('Pole_1-=")

disp(P(1))

disp('Pole_2=")

disp(P(2))
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