Problems and Solutions Section 1.5 (1.66 through 1.74)

1.66 A helicopter landing gear consists of a metal framework rather than the cail
spring based suspension system used in a fixed-wing aircraft. The vibration of the
frame in the vertical direction can be modeled by a spring made of a dender bar
asillustrated in Figure 1.21, where the helicopter is modeled as ground. Herel =
0.4m, E =20x 10" N/m? and m= 100 kg. Calculate the cross-sectional area that
should be used if the natural frequency isto be f, = 500 Hz.

Solution: From Figure 1.21
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Solving (1) for Ayields:
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1.67 The frequency of oscillation of a person on a diving board can be modeled as the
transverse vibration of a beam as indicated in Figure 1.24. Let m be the mass of
the diver (m= 100 kg) and | =1 m. If the diver wishes to oscillate at 3 Hz, what
value of El should the diving board material have?

Solution: From Figure 1.24,
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Solving for El
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El =11843.5 Nm?

1.68 Consder the spring system of Figure 1.29. Let k; = k; = k, =100 N/m, k; = 50
N/m, and k, = 1 N/m. What isthe equivalent stiffness?

Solution: Given: k; =k, =k; =100 N/m,k; = 50 N/m, k, =1 N/m
From Example 1.5.4
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1.69 Springs are available in stiffness values of 10, 100, and 1000 N/m. Design a
spring system using these values only, so that a 100-kg mass is connected to

ground with frequency of about 1.5 rad/s.

Solution: Using the definition of natural frequency:
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With m= 100 kg and w, = 1.5 rad/s the equivaent stiffness must be:

Keg = Mo = (100)(L.5)° =225 N/m
There are many configurations of the springs given and no clear way to determine
one configuration over another. Here is one possible solution. Choose two 100
N/m springsin parale to get 200 N/m, then use four 100 N/m springsin seriesto
get an equivalent spring of 25 N/m to put in parallel with the other 3 springs since
K, = = =25
= 1,1,1,1 4100
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Thus using six 100 N/m springs in the following arrangement will produce an
equivaent stiffness of 225 N/m




1.70

1.71*

Calculate the natural frequency of the system in Figure 1.29(a) if k; = k, = 0.
Choose m and nonzero values of ks, k,, and k; so that the natural frequency is 100
Hz.

Solution: Given: k, =k, =0 and w, = 27(100) = 628.3 rad/s
From Figure 1.29, the natural frequency is
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Equating the given value of frequency to the analytical value yields:
o = (628.3) = ek F ek ek
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Any values of ks, k,, ki, and mthat satisfy the above equation will do. Again, the

answer is not unique. One solutionis
k, =1N/m,k, =1N/m, k, =50,000 N/m,and m =0.127 kg

Example 1.4.4 examines the effect of the mass of a spring on the natural
frequency of asimple spring-mass system. Use the relationship derived there and
plot the natural frequency versus the percent that the spring mass is of the
oscillating mass. Use your plot to comment on circumstances when it is no longer
reasonabl e to neglect the mass of the spring.

Solution: The solution here depends on the value of the stiffness and mass ratio
and hence the frequency. Almost any logical discussion is acceptable aslong as
the solution indicates that for smaller values of m,, the approximation produces a
reasonable frequency. Hereisone possible answer. For
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From this plot, for these values of mand k it looks like a 10 % spring mass
causeslessthen a 1 % error in the frequency.



1.72 Calculate the natura frequency and damping ratio for the system in Figure P1.72
given the values m = 10 kg, ¢ = 100 kg/s, k; = 4000 N/m, k, = 200 N/m and k; =
1000 N/m. Assume that no friction acts on the rollers. |sthe system overdamped,

critically damped or underdamped?
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Figure P1.72
Solution: Following the procedure of Example 1.5.4, the equivalent spring

congtant is;

(200)(1000)

keq:k1+kk2—k3=4000+ = 4167 N/m

2+3

Then using the standard formulas for frequency and damping ratio:

k
o, =1/i“ =1/@ =20.412 rad/s
m 10
C 100

¢ = =0.245
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Thus the system is underdamped.

1.73 Repeat Problem 1.72 for the system of Figure P1.73.

Figure P1.73

Solution: Again using the procedure of Example 1.5.4, the equivalent spring
congtant is:

Keg = kg +Ky +kg+ k4k4+k5k5 =(10+1+4+

23\ | Nim=16.2 KN/m
2+3

Then using the standard formulas for frequency and damping ratio:
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Thus the system is underdamped.

1.74 A manufacturer makes a cantilevered leaf spring from steel (E = 2 x 10" N/m?)
and sizes the spring so that the device has a specific frequency. Later, to save weight, the
spring is made of aluminum (E = 7.1 x 10" N/m?). Assuming that the mass of the spring
ismuch smaller than that of the device the spring is attached to, determineif the
frequency increases or decreases and by how much.

Solution: Use equation (1.68) to write the expression for the frequency twice:
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Dividing yields:

Thusthe frequency is decreased by about 40% by using aluminum.



