
1 
 

Midterm Examination    Sensing and Actuation AT74.03    October 10, 2013 
    
           Time: 10:00-11:30 h.                       Open Book 
           Marks: 100 

Attempt all questions. 
 
 

Q.1 Determine transfer function and magnitude ratio from input, ݒ௜, to output, ݒ௢, at 0 Hz and 

∞ Hz of the following three circuits.               (30) 
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Q.2 Laser range finder is used to determine the range, d, to an object as shown in the below 

figure. If the focused point, s, on the line CCD shows 0.1 mm, determine the range to the object. 

The focal length, f, is 5 mm, the lens radius, l, is 20 mm.          (15) 
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Lens relation, 
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Q.3 A 3-axis accelerometer attached with an airplane is applied to determine attitude of the 

airplane respect to gravity force. If x-axis points to the right, y-axis points to the front, and z-axis 
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points to the top of the airplane as shown in the below figure. Determine the airplane attitude 

(roll, α, and pitch, θ, angles) when the output from the accelerometer shows 0.866g along x-axis, 

and -0.3535g along z-axis when g represents gravitational acceleration. What is the output from 

the accelerometer along y-axis?                      (15) 

 

 

 

 

 

 

 

 

Solution 

Acceleration along x-axis, 

ܽ௫ ൌ ሻߙሺ݊݅ݏሻߠሺݏ݋ܿ݃ ൌ 0.866݃ 

Acceleration along z-axis, 

ܽ௭ ൌ െ݃ܿݏ݋ሺߠሻ cosሺߙሻ ൌ െ0.3535݃ 

ߙ ൌ atan	ሺെ
ܽ௫
ܽ௭
ሻ ൌ atan	ሺ

0.866݃
0.3535݃

ሻ ൌ 67.79° 

ߠ ൌ ݏ݋ܿܽ ൬
0.866

ሺ67.79°ሻ݊݅ݏ
൰ ൌ 20.71° 

Acceleration along y-axis, 

ܽ௬ ൌ െ݃݊݅ݏሺߠሻ ൌ െ݃݊݅ݏሺ20.71°ሻ ൌ െ0.3536݃ 

 

Q.4 A link-type load cell is applied to measure axial force. When a force of100 N is applied 

to this load cell, the voltage output from the DC Wheatstone bridge circuit of the load cell shows 

50 mV at the supplied voltage to the bridge circuit of 12 V.  Determine the unknown force if the 

voltage output from the bridge circuit indicates 60 mV at the supplied voltage to the bridge 

circuit of 5 V.                (15) 

Solution 

The voltage output from DC Wheatstone bridge circuit of link-type load cell varies with the 

multiplication of the supplied voltage and the force.   
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ܭ ൌ
50 ൈ 10ିଷ

1200
ൌ 4.17 ൈ 10ିହܰିଵ 

ܨ ൌ
௢ܧ
௜ܧܭ

 

ܨ ൌ
60 ൈ 10ିଷ

4.17 ൈ 10ିହሺ5ሻ
ൌ 287.77ܰ 

 

Q.5 3 identical strain gages are used to determine forces in 3 axis acting on a bar as shown in 

the below figure. Each strain gage is installed in each separated DC Wheatstone bridge circuit 

having the remaining resistors with the same nominal resistance value to ensure balancing of the 

bridge circuit during no load. Determine forces in 3 axis when the output readings indicate 3 mv 

from Eox, 4 mv from Eoy, and 5 mv from Eoz. Only the bridge circuit for Rx is shown in the figure, 

the bridge circuits for Ry and Rz are not shown in the figure. The bar is made of material with 

Young’s modulus, ܧ, of 120 GPa with Poisson’s ratio, ߛ, of 0.4. Each strain gage has nominal 

resistance, ܴ, of 120 Ω with gage factor, ௚ܵ, of 4. The supply voltage, ܧ௜, is 5 V for all the bridge 

circuits.                (15) 
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Q.6 Design a non-contact torque sensor used to determine torque from a motor acting on a 

joint of a robot arm.                (10)  

 


