
Problem 1 (25 Points) 
 
For the mechanism shown in the figure below, the input link 2 rotates with an angular velocity of 

2 2 rad CW/s Cω = and an angular acceleration of 2
2 5 rad/ Ws  CC .α =  The masses and second moments 

of inertia for the two moving links are 2 1.0 kg,m = 3 2.5 kg,m = 2
2 0.10 kg-m ,GI = and 2

3 1.2 kg-m ,GI =  

respectively. The center of mass of link 2 is coincident with the pin at O2 and the center of mass of 
link 3 is coincident with the pin at A. Link 3 slides within link 2, and in this position, the distance 
O2A = 0.707 m. The kinematic coefficients for the vector R13, which points from O9 to A, are 

13 1.0 m/radR′ = −  and 2
13 2.0 m/rad.R′′ = +  The free length of the spring is 1.5 m, the spring rate 

10 N m,k = /  and the damping coefficient 5 0 N s mC .  . .= /  Gravity acts in the negative y-direction as 

shown and friction in the mechanism can be neglected. For this position, determine: 

(i) The equivalent mass moment of inertia of the mechanism; and 
(ii)  The direction and magnitude of the input torque, T12. 

 

 

 



Problem 2 (25 Points). 
 
Part I. The 180 cm long shaft shown in Figure (a) is simply supported by the bearings at B and D. 
Flywheel 1 at location A weighs 40 N and flywheel 2 at location C weighs 70 N. The weight of the shaft 
can be neglected. The stiffness coefficients of the shaft are 6

11k 1.0 10 N/m,= ×  6
12k 6.0 10 N/m,= ×  and 

6
22k 4.0 10 N/m.= ×  Determine the first and second critical speeds of the shaft using the exact equation. 

Then determine the first critical speed of the shaft using: (i) the Rayleigh-Ritz method; and (ii) the 
Dunkerley approximation. 
 
 

 
 

Figure (a). A shaft simply supported at B and D. 
 

Part II. Figure (b) shows three mass particles fixed to a simply supported shaft rotating 
counterclockwise with a constant angular velocity ω 15 rad/s.=  The masses are 1m 3 kg,=  2m 1kg,=  

and 3m 2 kg=  and the distances are R1 = 15 mm, R2 = 35 mm, and R3 = 20 mm. The axial distances are 

a = 50 mm, b = 215 mm, c = 275 mm, d = 100 mm, e = 150 mm, and f = 125 mm.    
(i) Determine the magnitudes and the directions of the bearing reaction forces at A and B.  
(ii) Use the analytical method to determine the magnitudes and locations of the correcting masses that 
must be added in the two correcting planes (1) and (2) to dynamically balance the system. The 
correcting masses are to be placed at a radial distance RC = 25 mm from the shaft axis. 
 

 
 
 

Figure (b). Three mass particles attached to a rotating shaft. 



Problem 3 (25 Points) 
 
The vertical shaft (shaded) shown below has a solid circular cross section with diameter d = 4” and 
length L = 8”. A gear with a uniformly distributed weight of 200 lb and a diameter D = 20” is rigidly 

attached at the end of the shaft. A tangential force of F = 1200 i lbis applied to the gear, and gravity acts 
in the negative-y direction as shown. The shaft has a yield strength of 40 ksi and the weight of the shaft 
can be neglected. Calculate the von Mises stress at elements A and B and the overall factor of safety of 
the shaft. 

 

 

 

 

 



Problem 4 (25 Points) 
 
The link AD shown below has a vertically downward load P = 8,000 lb applied at point D. Each link has 
a solid circular cross section with a 2-inch diameter and is made of alloy steel with a yield strength of 

75 ksi and a modulus of elasticity of 630 10×  psi. For the member BC, perform the following: 

(i) Compute the axial force applied to the member; 
(ii)     Determine the factor of safety against buckling, assuming a pinned-pinned end condition; and 
(iii)    If the member is rigidly fixed at point C rather than pinned, determine the factor of safety 

against buckling. Assume a fixed-pinned end condition and that the member is loaded 
identically as before. 

 
 
 
 

 
 


