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The rotating blade causes a harmonic force to be

applied to the body of the helicopter.

If the <@ > of the blade rotation
corresponds to the natural <@ > of
the body, <®@ > will occur.
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(a) A machine

=5l wateieh

part is modeled as a pendulum

connected to a spring and a damper. The mass of the

pendulum’'s rod is ignored. A harmonic force

F(t) = F,sinwt is applied to the lumped mass as

shown. Assume 6 = 0 and sinf = 0.

F.B.D.

(b) Consider the forced vibration of an undamped
1-DOF system. The response of this system excited
by a harmonic sine force is

z(t) = A cos(227t-¢) + (5.25 mm) sin(207¢-0.5).

If the mass is initially at rest (z,=0, v,=0), determine

the values of 4 and ¢ of the total response.
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1. (a) @ frequency, @ resonance
2 _ 2f
(b) F71 (), = ————1 = 04s, AWESY () = 7557 = P
|w1—w2| ‘w1_w2
_ 27 _ 1 2T _ 1 _ 1 _
T = o 3w = 2o —wy] - 2 Bh = 5048 =02
2/ 1 2/ 1 1
(pmax) = = 5707 2 a1 _(pmax) = —P
: |(2w1)2—(2w2)2‘ 4 |w§—w%| 4 ! 4
k .
2. =W ol x,() = A, coswt + A, sinwt
. F
F2d uwdAd i)+ e) = L sinwt
m m
n| A A z,(t) = A, t coswt + B, t sinwt
afp = A, (coswt - wt sinwt ) + B (sinwt + wt coswt)
a.?.p = A, (2w sinwt - w’t coswt) + By, (2w coswt - w’t sinwt)
[ Ay (2w sinwt - w’t coswt) + By (2w coswt - w’t sinwt) ]
k . R
+ — [4, t coswt + By t sinwt] = — sinwt
m m
k F £y
2w Ay - W't By vt By = - = Ay = -5
—w2tA+2wB+£tA=O = B, =0 = x(t)=—itcoswt
0 0 m 0 0 P 21 w
. FU
z(t) = x,@t) + z,(t) = A, coswt + A, sinwt - 5ot coswt
3. XM, =J0 (J=ml)
B B ) B _ ) -
= mg(l?) c(l 9.) ) k160)(1) + 1F@) ml° 0 0 _»F.B.D.
> mlokt) + clo) + (mg +k1DOR) = Fysinwt
. F
29 00+ Sow) + (44 F )0(t) = —Linwt
m l m ml
o - m, B FO/(ml)
h 2 212 2 2 2
— t .
\/(wn w? )" +(2¢w,w) \/[(i+ﬁ)_w2] +(iw) E(10) < <)—c(l9)
l m m
(b) w, = 227 rad/s, X = 5.25 mm, w = 207 rad/s, 0 = 0.5 rad, =z, =0, v, = M9

z(t) = Acos(w,t—¢) + X sin(

wt—0), z(t) = -w, Asin(w,t—¢) + wX coslwt—0)

2(0) = A cosp — X sinf =z, = 0
= A cos¢ = X sinf = (56.25 mm) sin(0.5) = 2.517 mm > O - D
z(0) = w, A sing + wX cosf = v, =0
1 = 1 — = 71 —
= A sing = - (—wXcosh) @27 rad/s) [- (207 rad/s)(5.25 mm) cos(0.5)]
=-4188 mm <0 - @ sing <0, cosgp >0 = ¢ 4AEH

D+©@% = 4 = /(2517 mm)?+ (—4.188 mm)? = 4.89 mm

1 —4.188
- = ¢ = 1
@+0 ¢ = tan” —

= tan '(-1.664) = -1.030 rad (=-59.0°) %+ 5.25 rad (= 301°)



4. (a) y(t) = Ysinwt F.B.D.

cx
—cx —k(z—y) —kr=mux z1m

Vi(z — YVsinwt)

k,

D

= maz+4cr+ (k+k)r=FkYsinwt

. (k + k)
b) 858 14+ 24+ —2 5 = * Y sin wt
m m m
Fy
X: f[) — m
\/(wi—w2)2+(2Cwnw)2 \/(k+kz; _ 2+(iw)2
m m

(¢) k = 50.0 kN/m, k; = 40.0 kN/m, k, = 80.0 kN/m, ¢ = 200 kg/s, f = 75 Hz, X = 2.50 mm
w =2nf = (27 rad) (75 Hz) = 471 rad/s
F,(t) = cx, = cw Xcos(wt—0)
Fp = co X = (200 kg/s) (471 rad/s) (2.50x107% m) = 236 N

5. M = 140 kg, k = 896 kN/m, ¢ = 1680 kg/s, N = 600 rpm, £, = 300 N

@) o = \/896><103kg/52 800 radfs. o — (2rrad) (600 /min)

0k . 60 s/min = 62.83 rad/s
r = 6283 _ 0.7854, ( = 1680 kg/s = 0.075
80.0 2/(140 kg )(896 < 10° kg/s?)
2mge u)f 2F, 1
= = (mgew? = Fy)
M (w2 =0+ (2Cw,w, ) M (@2 =0+ (2¢w,w, ) ' :
2 (300 N) 1

(140 kg) 1/(80.0% — 62.832)% + [2(0.0750)(80.0)(62.83 ]2
= (4.286 m/s?/[2,566 (rad/s)?] = 1.671x107° m = 1.671 mm

=
2F 2
X = 02 T
Mw? (11 + (2¢r)?
2 (300N) 0.7854>

(140 kg) (62-83rad/s)® +/(1—0.78542)% + [2(0.0750)(0.7854)]?
= (1.0856x107° m) (1.5389) = 1.671x107° m = 1.671 mm

(b) m, = 1.40 kg, F, = 300 N, w, = 62.83 rad/s

- 2
Fy = myew,

R
S 300 N

= 54.3x107° m = 54.3 mm
my w? (1.40 kg) (62.83 rad/s)?
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