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𝑃1 = 𝐺1𝐺2𝐺3

𝑃2 = 𝐺1𝐺4

Forward Path:

Loop:

𝐿1 = 𝐻2

𝐿2 = 𝐺2𝐺3𝐻1

𝐿3 = 𝐺4𝐻1

𝐿4 = −𝐺1𝐺2𝐺3

𝐿5 = −𝐺1𝐺4

∆= 1 − 𝐿1 + 𝐿2 + 𝐿3 + 𝐿4 + 𝐿5 + 𝐿1𝐿2 + 𝐿1𝐿3

∴
𝐶

𝑅
=

𝐺1𝐺2𝐺3 + 𝐺1𝐺4
1 − 𝐻2 + 𝐺2𝐺3𝐻1 + 𝐺4𝐻1 − 𝐺1𝐺2𝐺3 − 𝐺1𝐺4 + 𝐺2𝐺3𝐻1𝐻2 + 𝐺4𝐻1𝐻2
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The closed-loop transfer function is,
𝐶 𝑠

𝑅 𝑠
=

𝐾𝑃 + 𝐾𝐷𝑠
2

3𝑠 + 1
1

𝑠 + 10

1 + 𝐾𝑃 + 𝐾𝐷𝑠
2

3𝑠 + 1
1

𝑠 + 10

=
2 𝐾𝑃 + 𝐾𝐷𝑠

3𝑠 + 1 𝑠 + 10 + 2 𝐾𝑃 + 𝐾𝐷𝑠
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=
2 𝐾𝑃 + 𝐾𝐷𝑠

3𝑠2 + 31 + 2𝐾𝐷 𝑠 + 10 + 2𝐾𝑃
=

2
3 𝐾𝑃 + 𝐾𝐷𝑠

𝑠2 +
31 + 2𝐾𝐷 𝑠

3 +
10 + 2𝐾𝑃

3

Equating terms with a second-order system, 𝑠2 +
31 + 2𝐾𝐷 𝑠

3
+

10 + 2𝐾𝑃
3

= 𝑠2 + 2𝜁𝜔𝑛𝑠 + 𝜔𝑛
2

Given 𝜔𝑛 = 8 rad/s, we have
10 + 2𝐾𝑃

3
= 𝜔𝑛

2 = 82 𝐾𝑃 = 91

Given MP = 3%, we have

0.03 = 𝑒

−𝜁𝜋

1−𝜁2 𝜁 =
ln𝑀𝑃

2

𝜋2 + ln𝑀𝑃
2 =

ln0.03 2

𝜋2 + ln0.03 2 = 0.7448

𝐾𝐷 = 2.3752𝜁𝜔𝑛 = 2 0.7448 8 =
31 + 2𝐾𝐷

3
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𝐾𝑃 = 91

𝐾𝐷 = 2.375

𝐾𝑃 = lim
𝑠→0

91 + 2.375𝑠
2

3𝑠 + 1

1

𝑠 + 10
= 91

2

1

1

10
= 18.2Static Position Error Constant:

Hence, steady-state error, 𝑒 ∞ =
1

1 + 𝐾𝑃
= 0.0521


