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Midterm Examination    Sensing and Actuation AT74.03    October 1, 2015 
  
           Time: 10:00-11:30 h.                    Open Book 
           Marks: 100 

Attempt all questions. 
 
 

Q.1 A system is represented by the transfer function ௦ܭ	 . This system is disturbed by 

environment variation which makes change in the transfer function with maximum error of 20%. 

In order to solve this problem, the system is connected with a high gain amplifier, ܭ௔, and a 

feedback system, ܭ௙, as shown in the below figure.  

 

 

 

 

 

 

 

(a) If the amplifier gain, ܭ௔, is very high, determine the feedback system transfer function that 

still makes the new system have to same transfer function as the original system.                    (10) 

(b) If the feedback system is disturbed by environment variation with the maximum error of 2%, 

determine the maximum error of the new system.           (10) 

Solution 

(a) The closed loop transfer function, 

௖ܪ ൌ
௦ܭ௔ܭ

1 ൅ ௙ܭ௦ܭ௔ܭ
 

When ܭ௔, is very high, 

௖ܪ ൎ
1

௙ܭ
ൌ  ௦ܭ

Thus, 

௙ܭ ൌ
1

௦ܭ
 

(b) The maximum error of the new system is the same as the maximum error of the feedback 

system of 2%. 

 

 ௦ܭ ௔ܭ

 ௙ܭ

 ௔ܭ
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Q.2 Determine range of stop-band in rad/sec of the LC band-stop filter.   (20) 

 

Solution 

The characteristic impedance, 

ܼ଴ ൌ ඨܼଵܼଶ ൬1 ൅
ܼଵ
4ܼଶ

൰ 

When  

ܼଵ ൌ
ܽܮ݆߱ ∙

௔

௝ఠ஼

ܽܮ݆߱ ൅
௔

௝ఠ஼

ൌ
߱ܮ݆ܽ

1 െ ଶ߱ܥܮ
 

ܼଶ ൌ
ܮ݆߱

ܽ
൅

1

߱ܥ݆ܽ
ൌ
1 െ ଶ߱ܥܮ

߱ܥ݆ܽ
 

Thus 

ܼ଴ ൌ ඩ
߱ܮ݆ܽ

1 െ ଶ߱ܥܮ
∙
1 െ ଶ߱ܥܮ

߱ܥ݆ܽ
ቌ1 ൅

௝௔௅ఠ

ଵି௅஼ఠమ

4
ଵି௅஼ఠమ

௝௔஼ఠ

ቍ 

ܼ଴ ൌ ඨ
ܮ

ܥ
ቆ1 െ

ܽଶ߱ܥܮଶ

4ሺ1 െ ଶሻଶ߱ܥܮ
ቇ 

The characteristic impedance is real number when, 

1 ൒
ܽଶ߱ܥܮଶ

4ሺ1 െ ଶሻଶ߱ܥܮ
 

ଶ߱ସܥଶܮ4 െ ሺ8 ൅ ܽଶሻ߱ܥܮଶ ൅ 4 ൒ 0 

ቆ߱ଶ െ
8 ൅ ܽଶ െ ܽ√ܽଶ ൅ 16

ܥܮ8
ቇቆ߱ଶ െ

8 ൅ ܽଶ ൅ ܽ√ܽଶ ൅ 16

ܥܮ8
ቇ ൒ 0 

When we consider the positive frequency only, 

ቌ߱ െඨ8 ൅ ܽଶ െ ܽ√ܽଶ ൅ 16

ܥܮ8
ቍቌ߱ െ ඨ8 ൅ ܽଶ ൅ ܽ√ܽଶ ൅ 16

ܥܮ8
ቍ ൒ 0 
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Thus the stop-band frequency, 

ቌඨ
8 ൅ ܽଶ െ ܽ√ܽଶ ൅ 16

ܥܮ8
,ඨ
8 ൅ ܽଶ ൅ ܽ√ܽଶ ൅ 16

ܥܮ8
ቍ 

 

Q.3 If cumulative number of pulses from an incremental encoder attached directly with a 

motor shaft is shown in the graph below. Determine the motor angular displacement in degree 

and angular velocity in deg/sec as functions of time at each time interval during 0-5 sec. Assume 

the encoder has 300 pulses per revolution.            (20) 

 

Solution 

During 0-1 sec, 

ݐ݈݊݁݉݁ܿܽ݌ݏ݅݀	ݎ݈ܽݑ݃݊ܽ ൌ
100

300
ൈ ݐ360 ൌ  ݁݁ݎ݃݁݀	ݐ120

ݕݐ݅ܿ݋݈݁ݒ	ݎ݈ܽݑ݃݊ܽ ൌ
100

300
ൈ 360 ൌ  ܿ݁ݏ/݁݁ݎ݃݁݀	120

During 1-2 sec, 

ݐ݈݊݁݉݁ܿܽ݌ݏ݅݀	ݎ݈ܽݑ݃݊ܽ ൌ 120 ൅
300

300
ൈ 360ሺݐ െ 1ሻ ൌ 120 ൅ 360ሺݐ െ 1ሻ	݀݁݃݁݁ݎ 

ݕݐ݅ܿ݋݈݁ݒ	ݎ݈ܽݑ݃݊ܽ ൌ
300

300
ൈ 360 ൌ  ܿ݁ݏ/݁݁ݎ݃݁݀	360

During 2-3 sec, 
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ݐ݈݊݁݉݁ܿܽ݌ݏ݅݀	ݎ݈ܽݑ݃݊ܽ ൌ 480 െ
400

300
ൈ 360ሺݐ െ 2ሻ ൌ 480 െ 480ሺݐ െ 2ሻ	݀݁݃݁݁ݎ 

ݕݐ݅ܿ݋݈݁ݒ	ݎ݈ܽݑ݃݊ܽ ൌ
െ400

300
ൈ 360 ൌ െ480	݀݁݃ܿ݁ݏ/݁݁ݎ 

During 3-4 sec, 

ݐ݈݊݁݉݁ܿܽ݌ݏ݅݀	ݎ݈ܽݑ݃݊ܽ ൌ െ
200

300
ൈ 360ሺݐ െ 3ሻ ൌ െ240ሺݐ െ 3ሻ	݀݁݃݁݁ݎ 

ݕݐ݅ܿ݋݈݁ݒ	ݎ݈ܽݑ݃݊ܽ ൌ
െ200

300
ൈ 360 ൌ െ240	݀݁݃ܿ݁ݏ/݁݁ݎ 

During 4-5 sec, 

ݐ݈݊݁݉݁ܿܽ݌ݏ݅݀	ݎ݈ܽݑ݃݊ܽ ൌ െ240 െ
300

300
ൈ 360ሺݐ െ 4ሻ ൌ െ240 െ 360ሺݐ െ 4ሻ	݀݁݃݁݁ݎ 

ݕݐ݅ܿ݋݈݁ݒ	ݎ݈ܽݑ݃݊ܽ ൌ
െ300

300
ൈ 360 ൌ െ360	݀݁݃ܿ݁ݏ/݁݁ݎ 

 

Q.4  An angular accelerometer has the seismic moment of inertia of 0.004 kg.m2, damping 

coefficient of 0.0005 N.m.s/degree, spring stiffness of 0.001 N.m/degree. Determine the input 

angular acceleration in deg/sec2 when the spring deflects for 90/ߨ rad at steady state. Determine 

also the oscillation frequency of the deflection in Hz before the steady state.       (20) 

Solution 

At the steady state, 

ߠ݇ ൌ  ߙܬ

൬0.001	ܰ.
݉

݀݁݃
൰ ൬

ߨ

90
∙
180

ߨ
	݀݁݃൰ ൌ ሺ0.004݇݃.݉ଶሻߙ 

ߙ ൌ ଶܿ݁ݏ/݀ܽݎ	0.5 ൌ 0.5 ∙
180

ߨ
ൌ  ଶܿ݁ݏ/݃݁݀	28.65

The characteristic equation of the accelerometer, 

ଶݏܬ ൅ ݏܤ ൅ ܭ ൌ 0 

ሺ0.004݇݃.݉ଶሻݏଶ ൅ ൬0.0005ܰ.݉. .݃݁݀/ݏ
180	݀݁݃

݀ܽݎ	ߨ
൰ ݏ ൅ ൬0.001	ܰ.݉/݀݁݃.

180	݀݁݃

݀ܽݎ	ߨ
൰ ൌ 0 

ଶݏ0.004 ൅ ݏ0.0287 ൅ 0.0573 ൌ 0 

ଶݏ ൅ ݏ7.1620 ൅ 14.3239 ൌ ሺݏ ൅ 3.5810 ൅ 1.2249݆ሻሺݏ ൅ 3.5810 െ 1.2249݆ሻ ൌ 0 

The oscillation frequency, 

߱ ൌ ܿ݁ݏ/݀ܽݎ	1.2249 ൌ  ݖܪ	0.1949
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Q.5  Torque is measured by using a gimbal-lock-free gyroscope with flywheel angular 

momentum of 5 kg.m2.rad/sec and moment of inertia of everything in one axis of 2 kg.m2 and in 

the other axis of 3 kg.m2. Determine the input torque in Nm when the gyroscope axis rotates 

around the angular velocity of 5 rad/sec. Then determine the oscillation frequency of the 

gyroscope axis angular velocity in Hz.            (20) 

Solution 

The transfer function from torque input to angular velocity output of gyroscope, 

߱

௫ܶ
ൌ

௦ܪ/1

ቀ
ூೣூ೤

ுೞ
మቁ ݏ

ଶ ൅ 1
 

5

௫ܶ
ൌ
1

5
 

௫ܶ ൌ 25	ܰ݉ 

Characteristic equation, 

ቆ
௬ܫ௫ܫ

௦ܪ
ଶቇ ݏ

ଶ ൅ 1 ൌ 0 

ଶݏ ൅ ቆ
௦ܪ

ଶ

௬ܫ௫ܫ
ቇ ൌ ቆݏ ൅ ݆

௦ܪ

ඥܫ௫ܫ௬
ቇ ቆݏ െ ݆

௦ܪ

ඥܫ௫ܫ௬
ቇ ൌ 0 

Oscillation frequency, 

௦ܪ

ඥܫ௫ܫ௬
ൌ

5

√2 ൈ 3
ൌ /݀ܽݎ	2.0412 sec ൌ	  ݖܪ	0.3249

 

 


