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44 ] Consider the two-degree-of-freedom
system with the harmonic force F,sinwt on the
mass 2m. (a) Draw free-body diagrams. (b,c)
Derive the equations of motion. (d) Write the
equation in a matrix form.
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1. (a) (@) ?—Y r<<1 w << w,
(b) X fwg = ow ( )
1 ty £ F
2. (@) z(t) = Fysinw, (t—71)dr = 02 [cosw, (t—7)]"" = 02 [cosw, (t—t;) — cosw,t
mw, J mw, 0 mw
< > 0<t—7<t t>7>t—1
t F F
x(t) = 1 3 Fysinw,7dr = — 02 [coswnT]iﬁ = — 02 [coswnt— coswn(t—tl)]
mw, ¥ -1, mw,) 1 mw,,
(b) z,(t) = x,(t)
1 /’t ) B _ 5 P
ry(t) = o zQFO sinw, (t—7)dr = o [cosw, (¢ 7')]% = o [1—cosw, (t—t,)]
< > t, <t—-17<1 t—ty, >7>0
t—t, F _ F
zy(t) = L Fysinw,tdr = — 02 [Coswnﬂt bz — 02 [cosw, (t—1t,) — 1]
mwy, J g mw, 0 mw,;
F F
o(t) = o,(t) + z,(t) = 02 [cosw, (t—t;) — cosw,t]| + 02 1 — cosw, (t—t,)]
mw,, mw
F
= 02 {1 — cosw, (t—t,) + cosw, (t—t,) — cosw"ﬂ
mw,,
3. (@) 3(0) = F _F_ (120N)(0.03s) - 6.7 K
: = m ™0 - (0185m/fs)
(b) § = Inﬂ = In2.44 = 0.894, ¢( = 0 = 0-894 = 0.141
0.54 Van? + & Var® + 0.8942
_ 27 _ 2mrad _ _ 27 _ 27rad _
©) w, = 7T 021s 29.9 rad/s, w, = T, 028 25.1 rad/s
k k
2 _ K - 2 2 _ - 2
wy = — E=muw .. ws T Am k= (m+ Am) w,
Am wy 1kg) (25.1rad/s)?
- m= s = ( g)(;’ rad/s) - = 9.55 kg
wi — ws (29.9rad/s)* — (25.1 rad/s)
k =

(9.55 kg)(29.9 rad/s)? = 8530 N/m
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(b,c) 2m .i'.l = —dkz, — k(z,—2y) — cx'l - c(afl - IQ) + Fysinwt

2mi’.l+ 2C$.1— C-/L:Q"’_ Skx, —kx, = Fysinwt

m.’I‘/:Q = _k/’(x2_x1)_c(l:2_l:1)

mx}—cw&—%—cx&— kxy+kzxy =0

Bl ] 28 ) = (o

5 w, = Mw = 20 rad/s
' 8 kg

28
X, = __T = -0.000256 m = -0.256 mm
V(202 = 22)2 + [2(0.25)(20)(2)]?

-12(0.25)(20)(2)

¢, = tan 507 — 22 = tan'1(0.0505) = 2.89° = 0.050 rad
8 1
972 8
X, = = -0.0000305 m = -0.0305 mm

V(202 = 6%)% + [2(0.25)(20)(6)]?

-1 2(0.25)(20)(6)
20%— 67

xp(t) = X, cos(w;t—0;) + X,cos(wyt—0,) + ...

[-0.256 cos(2t-0.050) - 0.0305 cos(6¢-0.1633) + ... ] mm

6, = tan = tan"}(0.1648) = 9.36° = 0.1633 rad

( 1)
_ 3200 N/m _ _
w, = m = 20 rad/s wp = 2 rad/s
i 8
F(t) = Z a,, COS wmt Ay, = - 2 2
m=1,3,5,--- Tm
Tp (t) = Z *va COS (wmt - em)
m=1,3,5,---
s 1
X, = '’ 8 m= 1 . m
" VR @m)? P+ [2(0.25)(20) (2m))? wm’ /(400 4m*) + (20m )”
0 = tant2(0:25)20)@m) _ . 20m

" 202— (2m)? 400 — 4m?2



2)

w, = ,/w = 20 rad/s
8 kg

% sinbt + % sin5(¢-0.5)

F(t) = gjam cosw,,t a,, = *m, w,, = 2(2m-1)
xp(t) = iXm cos (w,,t — 0,,)
8 1
X, = m(2m_1)" 8 m
V1202 = (4m—2)*]* + [2(0.25)(20) (dm — 2)]?
_ 1 1
> (2m—1)" /[400— (4m—2)%]2 + [10(4m —2)]?
. 12(0.25)(20)(4m—2) _ 2 10(4m—2)
fn = tANT (4m—2)> 400 — (4m — 2)?
6. (@) z(t) + 25 z(t) = 4 6(t)
4 4 5
L s*X(s)+25X(s) = 4 X(s) = rarria o
L z(t) = % sin5¢t
() z(t) = z,(t) + x,(t)
2,(t) + 25 z,(t) = 2 6(t—0.5)
z5(t) + 25 z,(t) = 2 (), x,(t) = z3(t—0.5)
L $X,(s)+25X,(s) = 2 X,(s) = X22+25 - §X25+52
L z,(t) = % sin5¢ z,(t) = % sin5(t-0.5)



