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SECTION A (4x5=20 Marks) 

S. No.  Marks CO 

Q 1 Explain Through and Across variables of Mechanical and Electrical system. 5 CO1 

Q 2 What are state variables of a system? Compare state variables of phugoid and short -

period motion of aircraft. 
5 CO2 

Q 3 Given the characteristics equation  

𝑠3 + 3𝑠2 + 3𝑠 + 1 + 𝑘 = 0 
Find the range of values of k for which the system is stable 

5 CO2 

Q 4 The longitudinal motion of an airplane is approximated by the differential equations 

𝑤̇ = −2 𝑤 + 179 𝜃̇ − 27 𝛿 

𝜃̈ =  −0.25 𝑤 − 15 𝜃̇-45  

Re-write the equation in state space form 

5 CO4 

 

SECTION B (4x10=40 Marks) 

 

Q 5 Write differential equations governing the behavior of the mechanical systems 

shown below.  Also, obtain the analogous electrical circuit base on force current 

analogy. 

 

10 CO1 

Q 6 Write mathematical expression for pure roll and pure yaw motion of aircraft. Compare 

dynamic characteristics (damping ratio and natural frequency) of an aircraft in pure 

roll and pure yaw using data given in Table 1.  

 

10 CO2 



Q7 Determine the response of an aircraft to a 5 deg step change in aileron deflection. Plot 

the roll rate versus time. Assume sea level standard condition and the airplane is flying 

at M=0.4. What is the steady-state roll rate and time constant for this motion? 

          Clp=-0.26, 𝑪𝒍𝜹𝒂
= 𝟎. 𝟎𝟒; 𝑺 = 𝟐𝟎 𝒎𝟐,  𝒃 = 𝟕 𝒎𝟐 and 𝑰𝒙 =4500 kg.m2 

10 CO4 

Q 8 The lag compensator also can be constructed from a simple electrical circuit as 

shown below. Show that the transfer function for this circuit can be written as: 

𝑮(𝒔) =
𝒆𝟎

𝒆𝟏
=

𝑻𝟐 + 𝟏

(𝑻𝟐/𝒃)𝒔 + 𝟏
 

Where 𝑏 = 𝑅2/(𝑅1 + 𝑅2) and    𝑇2 = 𝑅2𝐶 

10 CO3 

 or   

Q 9 Examine the resulting root locus response of  system transfer function  

𝑮(𝒔)𝑯(𝒔) =
𝒌

𝒔(𝒔 + 𝟐)(𝒔 + 𝟓)
 

a) with addition of a simple pole (s+3) 

b) with addition of simple zero (s+3)  

10 CO3 

 

SECTION-C [2x20=40 Marks] 

Q 10 A) Derive governing equation and transfer function for  electric motor servo and 

aircraft roll dynamic [10 Marks] 

B) Using above transfer functions design control  for  a roll attitude control 

system to maintain a wings level altitude for an aircraft  having the following 

characteristics: 𝐿𝛿𝑎
= 3.0/𝑠2, 𝐿𝑝 = −1.5/𝑠.The system performance is to 

have a damping ratio =0.707, and an undamped natural frequency, 𝜔𝑛 =
10 𝑟𝑎𝑑/𝑠. [10 Marks] 

 

20 

CO2 

 

 

 

 

CO3 

 OR   

Q 11 A) Derive governing equation and transfer function for a wind-tunnel aircraft 

model constrained to motion in only the vertical direction; that is, pure 

plunging motion. Also, assume that the model is equipped with direct lift 

flaps.[10 Marks] 

B) Design a control system for the wind tunnel model so that the vertical 

velocity is held near 0. The aerodynamic characteristics are  

𝒁𝒘 = 𝟐. 𝟎,  and 𝒁𝜹𝒇 = −𝟒𝟎.  

Assume the direct lift actuator can be represented by the transfer function   
𝜹𝒇

𝒆
=

𝒌

𝒔+𝟏𝟎
. [10Marks] 

20 

CO2 

 

 

 

 

CO3 

Q12 Given the  linear-time invariant dynamical system that is governed by the equation 

[
𝒙̇𝟏

𝒙̇𝟐
]=[

𝟏 𝟎
𝟏 𝟏

] [
𝒙𝟏

𝒙𝟐
] + [

𝟏
𝟏

] [𝜼] 

where [
𝑥1(0)
𝑥2(0)

] = [
0
1

] 

 

 Determine the state transition matrix and the response of the system if the input 

signal is a unit step function. 

20 CO4 

 



Table 1: Lateral derivatives for the general aviation airplane 

 

Source: R.C. Nelson, “Flight Stability and Automatic Control   “ 

Table 2: Laplace transform relations

 


