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EXAM 1.  OPEN BOOK AND CLOSED NOTES.                                  Wednesday, June 26th, 2013 
 
Use the blank paper provided for your solutions. Write on one side of the paper only. Where necessary, 
you can use the figures provided on the exam to show vectors and instant centers. Any work that cannot 
be followed is assumed to be in error. At the completion of your exam, please staple each problem 
separately and staple your crib sheet to the end of Problem 1.  
 
Problem 1 (25 Points).  Part I. (15 Points). For the mechanism shown in Figure 1a:  
(i) Determine the mobility using the Kutzbach criterion. Clearly number each link and label the lower 
pairs and the higher pairs on the given figure. 
(ii) Define suitable vectors for a kinematic analysis. Label and show the direction of each vector clearly 
on the given figure. 
(iii) Write the vector loop equations that are required for a kinematic analysis of the mechanism. Clearly 
identify suitable input(s) for the mechanism. List: (a) the known quantities; (b) the unknown variables; 
and (c) any constraints. If you identified constraints in part (b) then write the constraint equations. 
 

 
Figure 1a. A planar mechanism. 

 
Part II. (10 Points). Using trigonometry, determine the mechanical advantage of the four-bar linkage in 
the position shown in Fig. 1b. The input link 2O A 6 in,=  link AB 10 in,=  and output link 4BO 4 in.=  

 
Figure 1b. A four-bar linkage.  
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Problem 2 (25 Points). For the mechanism in the position shown in Figure 2, the angular velocity of the 
input gear 2 is 2 15rad / sω = counterclockwise. Gear 3 is rolling, without slip, on gear 2 at the point of 
contact E. The radius of gear 2 is 2 400 mm,ρ =  the radius of gear 3 is 3 150 mm,ρ =  and the distance 
from point C on link 3 to pin D connecting links 3 and 4 is CD 500 mm.=  
(i) Draw vectors clearly on the given figure that are suitable for a kinematic analysis of the mechanism. 
Then write the vector loop equation for the mechanism.   
(ii) Using your vector loop equation determine the first-order kinematic coefficients for the mechanism. 
(iii) Determine the angular velocities of links 3 and 4. Give the magnitudes and directions of the vectors. 
 
 

 
 
 
 
 
 

Figure 2. A planar mechanism.  
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Problem 3 (25 Points). For the mechanism in the position shown in Figure 3, the input link 2 is moving 
downward with a constant velocity 2V 90 mm / s.=   
(i) List the primary instant centers and the secondary instant centers for the mechanism.   
 
(ii) Using the given Kennedy circle, show the location of all the instant centers on the given figure. 
 
Using the location of the instant centers, determine: 
 
(iii) The first-order kinematic coefficients of links 3, 4, and 5.    
 
(iv) The magnitudes and the directions of the angular velocities of links 3, 4, and 5.      
 
(v) The magnitude and direction of the velocity of point D which is fixed in link 4. 
 
 

 
 
 

Figure 3. A planar mechanism. Scale: full size, that is, 1 mm = 1 mm.  
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Problem 4 (25 Points). For the mechanism in the position shown in Figure 4, the angular velocity of the 
input link 2 is 2 50 rad / sω =  counterclockwise. The link lengths are 2O A 500 mm,=  AB 400 mm,=  
and the radius of the wheel which is rolling without slipping on link 1 is 4 140 mm.ρ =  
 
(i) Write a vector loop equation that is suitable for a kinematic analysis of this mechanism. Draw your 
vectors clearly on the given figure.   
 
(ii) Using your vector loop equation determine the first-order kinematic coefficients for the mechanism.   
 
(iii) Determine the angular velocities of links 3 and 4. Give the magnitude and direction of each vector.  
 
(iv) Determine the velocity of point B fixed in link 4. Give the magnitude and direction of this vector. 
 
 
 
 

 
 
 
 
 

Figure 4. A planar mechanism. 


