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1. Rao P.3.16 Forced response of an undamped system

Equivalent stiffness of wing (beam) at location of engine:

E (= b a?)
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k force _3EI___ 12 =El:.Ha.
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Magnitude of unbalanced force: =mrw =mT 50 = 900
: 33 33
Equivalent mass of wing at location of engine: M = T30 My = T30 (ab€p)
Equation of motion: MX +kx=mr «? sin wt
Maximum steady state displacement of wing at location of engine:
mrm N
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2. Rao P.3.25 Forced response of an undamped system
!Equation of motion for rotation about O:
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Le., .TU'(;‘-I- %ké’z 0 =Mycoswt
2 T 2 — T (10) (1?) = 1.4583 kg—m’
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and w = 1000 rpm = 104.72 rad/sec. Steady state solution is:
0,(t) = © cos wt

where .IO=T]'2—m6’2 + m (

where
Mo - 190 — — 0.007772 rad
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. Rao P.3.38 Forced response of a damped system

. )

M(f) = Mgcos wr

Turbine ratar,Jy

My= M, cos wt , &, = Ky, + ke,
Ezuq:l-ion of motion:

T, 8 + 6.6 + (ke + K)o =mE)= M, coswt (1)
For the given data , E.(1) becomes
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For the given data,
Jo= 005, My= 200, %Kyp= 7000 ; Ct= 2.5 W= 500
Hence Egs: (4) and (5) give
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4. Rao P.3.45 Forced response of a damped system
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or Y = 169.5294 (107°) m

5. Rao P.3.47 Forced response of a damped system

'm — 100 kg, Fg =100 N, X, = 0.005 m at w = 300 rpm = 31.416 rad/sec.
Equations (3.33) and (3.34) yield:

k — = 31.416
W= bl 1-28:‘\/ Vi-2¢g =31

or k(1 —2¢%)=(100) (31. %15"'] = 98, 593 5066 (1)
- =0.005
T e R T
V1 2
or k¢ —d = Eﬁﬁ_luuonu 2)

Divide Eq. (1) by (2):
1=3¢
eN1—¢
Squaring Eq. (3) and rearranging leads to:
101.4000 ¢* — 1014090 ¢* +1=0 or ¢= 0.0998, 0.9950
Using ¢ — 0.0998 in Eq. (1), we obtain

98606.5056
e e—
1 — 2 (0.0998%)

= 9.8696 (3)

— 100,702.4994 N/m

c
Since ¢ = m, we find

- / 4944
c=2m w, ¢=2(100) E'%‘:;—:——- (0.0098) = 633.4038 N—= /m




Response of a system under the base harmonic motion

6. Rao P.3.55
BE) = X (8)= Aot $E)= G sk st+ B
R
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in &Y = . (n) =) we get-
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Eguation of motion:
mx + k (2=%) =0
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7. Rao P.3.75 Rotating unbalance
Let wid# =o0:5m and thickness = t m.
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Where m= mass of Leam = (Exo'ix t)(
g £?
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iren  |.3108 x 10
By trial and error, the value of + is dfound as

t= 0:/6m. . .
. = bart with o new wid i such as
Since this is too large, we can star o




8. Rao P.3.92 Coulomb damping
m= 25 49, %= 10000 N/m , M =03

W= 8 Hz = 50+ 2656 vad/s
X=0-2m

Eg, - (3-88 ) 9ives

c. - 4MN 4 (o03) (25x9-81)
e; ™ Wn

™ (50.2¢656 )(0:2)
9:3183 N—-4/m
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Note: Tt is astumed Hiok FHeiction force IS
Amadl carnpa,real t Fo In E’rﬁoef.nﬁ The

eﬁuivalewf viscous damping constant of

the systam.



9. Rao P.3.97 Other types of damping

i e = F= C (x') .
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For &u o’chtr values of n; &, can be found as follows:
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The amplitude can be found as
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