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ME 352 - Machine Design I          Name of Student______________________________ 
 

Summer Semester 2014          Lab Section Number__________________________ 
 

EXAM 2. OPEN BOOK AND CLOSED NOTES.                                   Wednesday, July 23rd, 2014 
 

Use the blank paper provided for your solutions. Write on one side of the paper only. You can use the 
figures provided on the exam to show vectors. Any work that cannot be followed will be assumed to be 
in error. Staple each problem separately and attach your crib sheet to the end of Problem 1. 
 

Problem 1 (25 Points). For the mechanism in the position shown in Figure 1, OA 25 mm  and the first 

and second-order kinematic coefficients of links 3 and 4 are 1
3 0.019 mm ,    4R 0.87 mm/mm,    

4 2
3 1.515 10 mm ,      and 1

4R 0.019 mm .    The input link 2 is moving with a constant velocity 

2V 2.5 m/s.i   The dimensions of the coupler link 3 are AP 30 mm  and AB 50 mm.  

Using the method of kinematic coefficients, determine:  
(i) The velocity and the acceleration of point P. 
(ii) The radius of curvature of the path of point P. 
(iii) The X and Y coordinates of the center of curvature of the path of point P. 
 
 
 
 

 
 
 
 
 
 

Figure 1. The coupler point P. 
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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 given in Table 1. The displacement diagram for this cam-follower 
system is shown in Figure 2. The diameter of the base circle of the cam is 60 mm, the diameter of the 
roller follower is 25 mm, and the eccentricity of the roller follower is 15 mm. 
 

Cam Angle (Degrees) Rise and Fall (mm) Output Motion  

0° - 80° + 15 Full-Rise Eighth-Order Motion 

80° - 120° 0 Dwell 

120° - 150° ‒ 5 Full-Return Cycloidal Motion 

150° - 200° 0 Dwell 

200° - 260° + 20 Full-Rise Eighth-Order Motion 

260° - 280° 0 Dwell 

280° - 340° ‒ 30 Full-Return Cycloidal Motion 

340° - 360° 0 Dwell 
 

Table 1. Displacement information for the disk cam and reciprocating roller follower.   
 

 
Figure 2. The displacement diagram. 

 

At the cam angle 300   , determine numerical values for the following:  
(i) The first-order and second-order kinematic coefficients of the displacement diagram. 
(ii) The Cartesian coordinates (expressed in the moving reference frame attached to the cam) of the point 
of contact between the cam and the roller follower.  
(iii) The radius of the curvature of the cam profile. 
(iv) The pressure angle of the cam. Is your answer acceptable for this position?   
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Problem 3 (25 Points). For the mechanism shown in Figure 3, the position of the input slider 2 is 
OA 25 mm  and the first and second-order kinematic coefficients of links 3 and 4 are 

1
3 0.019 mm ,    4R 0.87 mm/mm,    4 2

3 1.515 10 mm ,      and 1
4R 0.019 mm   . The 

lengths are AP 30 mm,  AB 50 mm,  and 3AG 20 mm.  The masses of links 2, 3, and 4 are 

2m 15 kg,  3m 25 kg,  4m 20 kg ,  and the mass moments of inertia about the mass centers are 

2

4 2
GI 6.25 10 N ms ,   

3

2
GI 0.003 N ms ,  and 

4

3 2
GI 1.04 10 N ms .   The force at point E on 

link 4, acting upward and parallel to the inclined plane, is EF 125 N.  The constant velocity of the input 

link 2 is 2V 15 mm/s,i   and the accelerations of the centers of mass of links 3 and 4 are 

3

2
GA 0.891 i 1.520 j mm/s    and 

4

2
GA 2.138 i 3.702 j mm/s .    Gravity is acting vertically 

downward (the negative Y direction) and the effects of friction in the mechanism can be neglected. 
(i) Draw the free body diagrams and write the three scalar equations for links 2, 3, and 4. 

Using the method of inspection, determine: 
(ii) The magnitudes and directions of the internal reaction forces at pin A and at pin B. 
(iii) The magnitude and direction of the external force acting at point P (the line of action is horizontal). 
 

 
 
 

Figure 3. A planar mechanism.  
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Problem 4 (25 Points). For the mechanism in the position shown in Figure 4, the force on link 5 at 
point E is EF 60 N (acting downward, parallel to the inclined plane). To hold the mechanism in static 

equilibrium, an external force DF  is applied to point D on link 4 along the given line of action. Assume 

that gravity is acting into the paper and the effects of friction in the mechanism can be neglected.  
(i) List the members and draw the free body diagrams for links 2, 3, 4, and 5. 

Then using the graphical method, determine: 
(ii) The magnitude and direction of the internal reaction force acting at pin A. 
(iii) The magnitude and direction of the external force DF . 

(iv) The magnitude and direction of the internal reaction force between links 2 and 3. 
A suggested scale for any force polygons that you need to draw is 1 mm represents 2 N. 

 
 
 

 
 
 
 

Figure 4. The mechanism in static equilibrium. The figure is drawn full scale (1 mm = 1 mm). 


