Appendix 1

Equation (7) in the main text is given below:
% = [Kk;(1 — D) + K k LSt — t4) + D). (14)
Laplace transform of above expression leads to the following:
sY(s) = Y(0) = [Kik;(1 — D) + K k,l][f;e™5¢S(s) + D(s)],

sY(s) = [K k(1 — 1) + K kol [f;e~574S(s) + D(s)], (15)
Y(0) = 0.

Let us assume putting which in above equation results in the following expression:

sY(s) = [Kiky(1 = D) + Kk l]fse™4S(s),

@ _ [Kiki(1-D+K k] fse ™S

d
) . . (16)

Using following approximation in above expression:

e—STd ~ 25T (17)

2+S‘L'd,
We get:
2-ST,
Y(s) _ [K]ki(l—l)+Kchll]fs(—2 STZ) Y(s) _ [Kiki(1=D+K kallfs(2=s7q) 8
S(s) s ’S(s) s(2+stq) ’ ( )
Let a step input of magnitude is given to , i.e.,
A
S(S) = ;,

Putting which in above expression, we get:

AlK kiA1= +K kqllfs(2=s7q)

Y(s) = s2(2+s1q) - (19)
Using method of partial fractions, we can write:
(2-s1q) _a b ( 2 0)

c
Tqs?( s+ _;+5_2+1' s+
d T a(sto,

Which implies that,

- b
@) _a b,

2(g1 2 s = s2 zy
Tds (S+Td) Td(s+1d)

2 —STg = asty (s + i) + b1y (s + i) + ¢s?,
Td Td

[

2 —57q = 2b+ (2a + bty)s + (atq + ¢)s?,
2b =2,

b=1,

2a+ bty = —14,

a=-1g,

atg +c¢ =0,

c=—ary; = 12

Substituting values of and in Equation (20), provides:

(2-stq) _  ta , 1 74

Sl P =4 —4
'rdsz(s+i) s s? (s+i)
Td Td
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Appendix 1

Substituting which in Equation (19), gives:

Y(s) = [A{Kik; (1 — D) + K kg L]

1
—%+§+J%}QD

(++3)
Time domain solution for above expression using table of Laplace transform is as follows:
Y(t) = [A{K k(1 = 1) + K kg f][—7a + t + 146G/, (22)

Y(0) = 0.

pw* Innovation Forever Publishing Group 2/2 Mod Econ Manag 2024; 3: 3



