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ME 352 - Machine Design I  Name_______________________________ 
 
Fall Semester 2009           Lab. Div.___________________________ 
 
EXAM 1.  OPEN BOOK AND CLOSED NOTES.                        Wednesday, September 30th, 2009 
 

Please use the blank paper provided for your solutions. Write on one side of the paper only. 
Where necessary, you can use the figures that are provided on the exam to show vectors and 
instantaneous centers of velocity. Any work that cannot be followed will assume to be wrong. 
 

Problem 1 (25 Points).    
 

Part I.  (13 Points).  
(i) Clearly number each link and label the lower pairs and the higher pairs on the mechanism shown in 
Figure 1(a). Then determine the mobility of this mechanism.  
(ii) Define vectors that are suitable for a complete kinematic analysis of the mechanism. Label and show 
the direction of each vector on Figure 1(a). 
(iii) Write the vector loop equation(s) for the mechanism and clearly identify:  
(a)  suitable input(s) for the mechanism; and 
(b)  the known variables, the unknown variables, and any constraints. 
(c)  If you identified constraints in part (b) then write the constraint equation(s). 
 
 

 

 
 

 
 

Figure 1(a). A Planar Mechanism. 
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Problem 1 (continued).   
 

Part II. (12 Points).  Consider the four-bar linkage in the position shown in Figure 1(b). The angle of 
the input link 2 is o

2 60 ,θ =  measured counterclockwise from the ground link which is coincident with 
the fixed X-axis. The lengths of the four links are 1 2 4R O O 7 cm,= =  2 2R O A 8 cm,= =  

3R AB 5 cm,= =  and 4 4R O B 10 cm.= =   
Use Freudenstein's equation to determine the angular position of the output link 4θ .  

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1(b). A Planar Four-Bar Linkage. 
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Problem 2 (25 Points). For the mechanism in the position shown in Figure 2, the input link 2 is rotating 
counterclockwise with a constant angular velocity 2 30 rad / s.ω =  Also for this position, the coupler 
link 3 is horizontal and is sliding along the vertical output link 4. The known link lengths are 

2 4O O 30 cm,=  2O A 15 cm,=  and AB 22.5 cm.=         
 

(i) Write a vector loop equation that would be suitable for a complete kinematic analysis of this 
mechanism. Indicate the input, the known variables, the unknown variables, and any constraints. Draw 
your vectors clearly on Figure 2.   
 

(ii) Determine the first-order kinematic coefficients for the mechanism from your vector loop equation. 
 

(iii) Determine the angular velocities of links 3 and 4. Give the magnitudes and the directions. 
 

(iv) Determine the velocity of point B fixed in link 3 relative to the velocity of the coincident point B 
fixed in link 4. Give the magnitude and the direction of this vector.  
 
 
 
 
 
 

 
 
 
 
 
 

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 rotating 
clockwise with a constant angular velocity 2 15 rad / sω = .  Link 2 is in contact with link 3 at point C 
and link 4 is in contact with the slot in link 3 at point E.  The figure is drawn full scale, i.e., 1 in = 1 in.  
(i) List the primary instant centers and the secondary instant centers for the mechanism.   
(ii) Using the Kennedy circle, show the location of all the instant centers on Figure 3. 
Using the location of the instant centers, determine: 
(iii) The first-order kinematic coefficients of links 3 and 4.    
(iv) The magnitudes and directions of the angular velocities of links 3 and 4.      
(v) The magnitude and direction of the velocity of point B, and the magnitude and direction of the 

slipping velocity at point E.      
 

 
Kennedy Circle. 

 

 
 

Figure 3. A Planar Mechanism.  (Drawn Full Scale: 1 in  = 1 in). 
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Problem 4 (25 points). For the gear mechanism in the position shown in Figure 4, the input link 2 is 
rotating with an angular velocity 2 50 rad / sω =  clockwise and an angular acceleration 2

2 15 rad / sα =  

clockwise. Link 2 is pinned to the ground at 1O  and is pinned to the center of gear 3 at point A. The 
center of gear 4 is also pinned to the ground at 1O  and gear 5 is pinned to the ground at .5O  Gears 3, 4 
and 5 are all in rolling contact at point B. The radii of the fixed gear 1 and the moving gears 3, 4 and 5, 
are 1 10 cm,ρ =  3 10 cm,ρ =  4 30 cm,ρ =  and 5 50 cm,ρ =  respectively.  Determine: 
 

(i) The first-order kinematic coefficients for gears 3, 4, and 5.         

(ii) The angular velocities of gears 3, 4, and 5. Specify the magnitudes and directions.  

(iii) The angular accelerations of gears 3, 4, and 5. Specify the magnitudes and directions.  

(iv) The velocity of point B fixed in gear 3.  
 

 
 

Figure 4. A Gear Mechanism. 
 


