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EXAM 2.  OPEN BOOK AND CLOSED NOTES.                        Wednesday, November 11th, 2009 
 
Write your solutions on the blank paper that is provided. Write on one side of the paper only. 
Where necessary, you can use the figures that are provided to show vectors. Staple each problem 
separately, and attach your crib sheet to the end of your solution to Problem 1. 
 
Problem 1 (25 Points). For the mechanism in the position shown in Figure 1, link 3 is vertical and link 
4 is horizontal and the input link 2 is rotating with a constant angular velocity 2ω 15 k rad/s.=  The 
dimensions are 2 4O O 30 cm,=  2O A 15 cm,=  and AC 32.5 cm.=  For the given position, the first and 
second-order kinematic coefficients of the mechanism are 3 1 rad rad′θ = + / ,  34R 30 cm rad,′ = − /  

2
3 2 31 rad rad. ,′′θ = + /  and 2

34R 51 96 cm rad.′′ = − /  (where 34R  is the vector from the ground pin 4O  
to the point B which is fixed in link 3).             

Using the fixed X-Y reference frame that is shown in Figure 1, determine:    
(i) The first-order and the second-order kinematic coefficients of point C that is fixed in link 3. 
(ii) The velocity and the acceleration of point C.  Give the magnitude and the direction of each vector.  
(iii) The unit tangent vector and the unit normal vector to the path traced by point C. 
(iv) The radius of curvature of the path traced by point C.  
(v) The X and Y coordinates of the center of curvature of the path traced by point C. 
 

 
Figure 1. A Planar Mechanism.   
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Problem 2 (25 points). The cam angle, the rise and fall, and the output motion of a disk cam with a 
reciprocating roller follower are as given in Table 1 and the displacement diagram is shown in Figure 2.  
 

Cam Angle θ  (degrees) Rise and Fall (cm) Output Motion  

0° - 30° 0 Dwell 
30° - 90° + 3.0 Full-Rise Simple Harmonic Motion 
90° - 120° 0 Dwell 
120° - 180° + 2.0 Full-Rise Cycloidal Motion 
180° - 210° 0 Dwell 
210° - 270° - 2.0 Full-Return Cycloidal Motion 
270° - 300° 0 Dwell 
300° - 360° - 3.0 Full-Return Simple Harmonic Motion 

 
Table 1. Displacement Information for the Cam-Follower.   
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Figure 2. Displacement Diagram for the Cam-Follower. 
 

The diameter of the base circle of the cam is 7 cm, the diameter of the roller follower is 3 cm, and 
the follower eccentricity is 1 cm.  

At the cam angle ,230oθ =  determine numerical values for the following:  
(i) The first, second, and third-order kinematic coefficients of the displacement diagram. 
(ii) The radius of the curvature of the cam surface. 
(iii) The unit tangent and normal vectors to the cam at the point of contact with the follower.          
(iv) The coordinates of the point of contact between the cam and the follower. Express your answers in 
the moving Cartesian coordinate reference frame attached to the cam. 
(v) The pressure angle of the cam. Is your answer acceptable for this cam-follower system?  
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Problem 3 (25 Points). For the mechanism in the position shown in Figure 3, the angular velocity and 
acceleration of input link 2 are 2 5 k rad / sω = −  and 2

2 3 k rad / s ,α =  respectively. The dimensions are 

2O A 8.5cm,=  4G A 6.2cm,=  and AB 2.3cm.=  The accelerations of the mass centers of links 3 and 4 

are 
3

2
GA 1.68 i 1.32 j m / s= − −  and 2

4GA 2.04 m/s ,i= −  respectively. The known masses and 

second moments of mass are 2 3m m 5 kg,= =  4m 2 kg,=  2

2 3
I I 9 kg - m ,G G= =  and 2

4
I 7 kg - m .G =  

The center of mass of link 3 is located at the geometric center of the link (coincident with pin A). There 
is an external force BF 250 i N=  acting at point B on link 4 and an unknown torque 12T  acting on link 
2 from the crankshaft 2O . Gravity acts vertically downward (i.e., the negative Y-direction), and the 
effects of friction in the mechanism can be neglected.  
(i) Draw complete free body diagrams of link 2, link 3, and link 4. 
(ii) Write the scalar force and moment equations, in symbolic form, for each free body diagram. 
(iii) List all of the unknown variables. 
(iv) Using the method of inspection, determine numerical values for the unknown variables. 
 
 
 
 
 

 
 
 
 
 
 

Figure 3. A Planar Mechanism. 
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Problem 4 (25 Points). For the mechanism in the position shown in Figure 4, a constant external force 

DF 100 i N=  is acting on link 5 at point D. There is an unknown torque 12T  acting on link 2 from the 
crankshaft O2 to hold the mechanism in static equilibrium. Gravity is acting into the paper and the 
effects of friction in the mechanism can be neglected.  

Perform a static force analysis of this mechanism using the graphical method. A suggested scale for 
any force polygons that you need to draw is 1 cm represents 20 N.  
(i) Identify the members in the mechanism (i.e., two-force, three-force, and/or four-force members). 
(ii) Draw free body diagrams of link 2, link 3, link 4, and link 5. 
(iii) Determine the magnitude, direction, and location of the internal reaction forces acting on link 3.   
(iv) Determine the magnitude, direction, and location of the internal reaction forces acting on link 5. 
(v) Determine the magnitude and direction of the torque 12T  acting on link 2 from the crankshaft O2.  
 
 
 

 
 
 

Figure 4. A Planar Mechanism in Static Equilibrium. The figure is drawn full scale. 


