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Chapter 3

Harmonically Excited Vibration

b S = 60
() st h-m'0015m
(@) = Ji - (to00x280Y 250145 rad e
W= 6 Hz = 376992 rad/fsec
X-= ‘Sst - __) [" 0015/ 37:6992Y| = 0.0185 m
28.0143
= § sec

@ 4= t.s,.-w = z1r(4oo-—399)

K= 4000 N, m= 10 %q 5 F(t)= 400 cosiot N
Fo= 400N, w= 0 rad/s

"’n'-'\{j-‘;: 20 rad/s , L0 s <4
PCSPOHSC IS given b‘y Eg. (3.9) :

x(-(;):: Fo ”
(xo = ra— 69:'> Cos wn'l:+<%:_>$in (.Sn-l; + F"—,_-caswf
n

kK-m w
(@) x,z0.1, X, =0 ! (21
Eg- (e1) becomes _
| 400 400
"G’):{""" L coszot .
4000 ~ to(100)f °° * Zo0o —1a (oo cos lot
= =-00033333 (os 20'& 4+ 0133333 cos lO'E (E'Z)

(b) x,=0, %,= 10:

Eg- €-1) becomes

_ 400
x(‘b)— {O - 4000 — 10 (lao)} cos 20t + —2'—3 sin 201

+ { 400 } coS ot
4000 — 10 (100)

= -0:133333 ¢o5 206t 4 0.5 sin 20":+o-l35333 cos lot
145 (E-3)



www.FluidMechanics.ir

-

(c) xoﬁo-l, ‘).to_ 1o:
Eg. €1 becomes
() :{o-l— 400

. o _.
4000 — 10 (loo)} Cos ZO‘b + z—o Sin 20t
400
+ } cos iot
4000 — 10 (l100)

= -0:033333 (os 20t +0:5 sin 201 4+ 0133333 (o5 1ot

(E-4)
@ K= 4000 N/m, m

1o %3, F(t) = 400 cos 20 % N.
Fo = 400 N, w= 2, rad/s

(:9:’.&—' o
n m-zowu\/s, ——‘-1-

.20 .
Wn = 20 =1
Response is given by Eg. (3:15):

x(t)= %, cos Wt + %o

Sin Ot + 35t ot

¢ Sin C@nf (E'I)
uhere 5,2 B+ qoo/sons

= 0.l
(QJ) Ke=oul, »x_ = o
Ep-(E1) gives
x ()= 5.y cos 20t +(°")£2°)t Sin 20t

(E-z)
B) %20, %, =0
Ez (E.l)ﬂ.ves
®X(£)= 12 gin 20t + )(zo) t Sm 20t
2
= 05 §in 20t 4 t sin 20t (E'3>
() x,=01, ‘J’f.o':: (o

Eg. (E-1) gives

x(t)= o4 C°52°£+';% Sm 20 t +M Sim 20t
2
=01 Cos20t 405 $in 20t + £ sinzot (-4
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@ = 4000 Nfm, m= (0 kg F(£)= 400 cos 201t N
Fo= 400 N, (9= 20, tad/s , W'z 404.0) (ra.cl/s)z

- %
wn' ™ = %0 \'a:J//S

Solution is given Lj Ez (3.9):
)= -~ _F .
X( ) ( o 'k—oT(dz) cos G’n‘t + ?z—o— Sin Q’n‘t

+(—-—F°—;;2—_-> cos wt | (El)

(a) X,= 01, iozo:
Eg. € -1) reduces to

x(t)=Jo0.1 — 400 }»
{ 4ooo— 1o (40720 cos 20t

+{ 400
4000 - 10 (404-01)} cos 201t

10-075062 cos 20t — 9.975062 ces zo.|t (-2)

(b) *o=0, %, =10
Eg. (E-1) reduces to

x(-l:) { 400 |
= - 9 .
qooo-no(ztaq.al)f“s 20t + 20 Sn20¢
400 '
* {qooo - IO(QQQ-OI)} cos 20-1%
= 9.975062 Cas 2ot + 0'5 sin 20t
~ 9.9750¢2 cos 201t (5'3)
(C) Xo=0.|, fc°= o
Eg. (E-1) gives
400
x(t)=20' — 0 s
) { Loog = '0(404'0')} cos 2ot + —— sin 20t
{ 400
+
4000 — 1o (Holso1) } cos 2ot
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= 10075062 Cos 20t + ¢'5 sin 20t :
—39:975062 cos 20 ¢t ' (5'4)

k= 4000 N/m, m= 0 #9, F(t)= 400 cos 30t N
Fo= 400 N, 9= 30 radfs, w*= 900 (rad/5)?
Wy = '1':; = 20 ra-J/s, —2‘39; = (-5 > |
Solution is 35ven l::y Ez.(g.s):
x(t) = - _F.f.__.._. ' x .
( ) (X° o w;) cos wnt + ':’ji Sin Cdnf

+ _f°__.z> cos wit (-1
-m 0

(@) %y=0:1, %,=o0:
Ez. (E-1) yields

Hoo
)= V) - 400 t
x (t) {o 4000 — lo(9oo)} cos 2ot + 4000 ~ u(Soo)cas 2

= 018 cos 20t — 0.08 cos 30t (e.2)
(L) xO:'oJ io.‘:‘o:

Eg. (€-1) yields:

400
x(+)= _ , o .
) (4000_ S (soo)> cos 20t + 55 Sin 20t

400
+
4oo0o — lo(Soo)> cos 3ot

= 0.08 ¢cos 20t +0'5 sn 20t - 0:08 cos 3ot (E-B)

() o= 0.1, %= (0
Eg. (E-1) yields
x(f):{o-l -

Ho©
cos 20t 4+ '° sin 20t

4000 — (0(300)} 20
400
+ {Hooo . (500)} cos 30 t

= 0:18 cos 20t + 0'5 sin 20t — 0.08 cos 30t (€. 4)
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@ Bat = 'E' = 7650 = 0-0425 m 5
St'ea.dy state solution at resonance = x(t) = iz_(‘,ﬁ sin @9, t
= 000625 Wat snWOt m
(@At end of -:7 cycle, o, t =L and X(f):O'OOGZS'(IE)Sin T =0-009817 m
(‘))At end of 2% cycles, Wt = 5T and x(t) = 0.00625(5W) sin 5T = ©
(C) At end of 5;3- eycles, w.t=11tm™ and
x(t)= 0:00625( 22 ) sin B = _ 0.2258 m

§,= tfo _ _loo
st k—m:O-oZS""
X =

5 1 [,_(9_ )2‘_ Ss¢ _ o0.025
st ’ B = =
W \2 @a X = =
l"’(‘%) 20x10
W
E = f,.zsq-l = (-5
69“= () 1.5 = 5'(277)/.5 = 20:94¢4 ra..c'/sec
= 2._ 2
m 4:/4_9” = 400¢/(20-944) = 9-”891{1
W, = J *m :J 5000;fo = 223607 ra,J//fec
%t = Rk = 250/5000 = 0.05 m
i
X = 59{-{ 1— S \2
6.9,-.> ) L
€ W= 0, (1— SN o 22-3607[1- o'ogjz
X o+ |0

= 15-8114 rad/sec

149



www.FluidMechanics.ir

T '* = 4‘{( 5 —L— L = —'— = _‘f.
% *1 | 4h T kT 0 Kem Sk
- Force transmitted o the mass throush k,:
3 F) EGY=_22_ iy % (F t
~ T e—— = ! 2 _0_
_/ %, )+ Kk, (€) k, + kl(k'>cas't-9
_l_ = Kk J5 cos ot  where &,y = E:-'
S"l'ea_c!y state response of m:
Fo
x(t) = ad cos wt

k4§ - (L \?
- ;.
_ st . s
= T‘*’_—T “cos Wt with E;‘k-sé.
w5 )
@ Equivalent stiffness of wing (beam) at location of engine:

1 3
3E(12 b a%)

- force _3EI _ =Eba3
deflection e o 48
27N\ 2 N?
. mr
Magnitude of unbalanced force: =mr “=mr 50 = 900
Equivalent mass of wing at location of engine: M = 33 m, = 33 (ab€p)
140 140

Equation of motion: MX +kx=mr«? sin wt

Maximum steady state displacement of wing at location of engine:

mr 7 N2
900
X=| mre
k —M o Eba® 33 ,, [27N
168 140 71 %0

mr £ N?
22.7973 E b a® — 0.2357 p a b #* N?
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Rotating unbalanced force, m r «?, can be resolved into two components as:

Fy, =mr «* sin wt (parallel y—axis)
F, =mr of cos wt (parallel 3—axis)

Maximum bending stress at A:

mru R

4

o @ —ab)

(0.1) (0.1) (31.416%) (0.5) (°;1)
= 2 85124 (10*) N/m?
—6’;- (0.1* — 0.084)

1
% =1~ IM, | < =
t ]

Maximum torsional stress at A:

mrw® R

1
y 2 T d‘—d‘
32(0 I)

= 4.2562 (10*) N/m?

Total stiffness with steel specimen:
k, =k, +k,=1790 x 103+ 130 x 108 = 131.79 x 106 N/m

Force in specimen due to magnets (static) due to elongation X = k, X.

Force in specimen due to a.c. current in magnets (dynamic) due to elongation
X=k,X-mo’X

Ratio of st = kX =1 = =1
artlo oI stresses = keqX - m (1)2 X = 2 l1.e., keq - m (1)2 = 2.sp
‘o 130 x 10° _1
131.79 x 10° — 18 w? 2

Squaring both sides of this equation and rearranging gives:

1
1.69 x 1016 = " (324 0* — 4.74444 x 10° 02 + 1.73686 x 1016)

81 o* — 1.118611 x 10° w? — 1.255785 x 1016 =0
or ?=21.14278 x 10° (positive value)
® = 4598.128 rad/sec = 731.815 Hz
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Equation of motion: m, X+ keq x = F(t)

where m,, = mass of the valve and valve rod plus mass of spring at end
7.5

= [10 + ?J =12.5 kg

ko, =70 x 10® N/m, F(t) = A p(t) = A p, sin ® t = (0.065) (70 x 10%) sin o t

= 4550 sin 8t N
Response of valve (steady state) = X, (t) = X sin 8t in where

4550
70 x 10° — 12.5 (8)?

=0.0575144 m = 5.75144 cm

&

(b)

Equation of motion:

mygX+k(x+x)+mgg=F; x>0 )
where F, = force exerted on the follower by the cam, my; = mass of follower plus
one third the mass of the spring, and xy = initial displacement of the spring.

Force exerted on the follower by the cam: k(e ""o)

| .
™7

Fe
Condition under which follower loses contact with the cam is when F. is zero and
X is negative. Equation (1) can be used to state this condition as:

k (x +%0) + mg g > |mg %] (3)

Fo=moX+k(x+%)+meg (2) "
withx = e cos w t.

et 3 .
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o = static radial displacement of shaft under weight of turbine
8 = radial deflection of shaft during rotation

Avee L ~
) ;
48 E1 .
k= 2 = stiffness of centrally loaded

simply supported beam

mdw?=k@®-8,) or mwt=k—k- %
) k
or T =———
851: k—-—m (!)2
.. ) k
Critical speed is w_; = \/: (Ey)
m

.. 1 .
If critical speed = gth of operating speed,

k 1
einl E
m 5 ® (E,

Here m =225 kg
and ® = 3000 x 2n/60 = 314.16 rad/sec

For solid shaft (steel) of diameter d and length ¢, Eq. (E,) gives

48 E1 2 4
=2 with E=200GPa and I= 29
m 3 25 64
£3
le., d_4= 530514.0 (E)
27000

Let € =30 d in Eq. (E)): = 0.050894 m = 50.894 cm

~ 530514.0
and hence, £ = 1.52682 m
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@ I= 6—’; (0.14 — 0.09%) = 1.68812 x 105 m*

_48EI _ 48(200 x 10°)(1.68812 x 107%)
o8 (250 x 1072)3

k = 1.037181 x 10® N/m

, k
m = 200 kg; o = ,/— = 72.01323 rad/sec
m

Eccentricity = r = 5 cm, eccentric mass = m, = 0.2 kg

Radial force due to eccentric mass at resonance = F,=m,r o?
=(0.2) (6 x 107?) (72.01323)2 = 51.85905 N

Let x (t) = radial displacement of turbine

At resonance, Eq. (3.15) gives, for Xo= X,=0

1 .
X (t) = Eﬁst(ontsmwnt

F, 51.85905
k  1.037181 x 10'¢
To activate limit switch, x (t) = 1 ¢cm and hence

where § = =50x%x 10%m

1 .
102 = 5 (50 10-6) (72.01323) t sin 72.01323t

ie., t sin 72.01323t = 5.554535(E,)
Egq. (E,) is solved by trial and error (assuming values of t = 10, 9, 8, 7, 6, etc.)
t = 6.9058 sec

Tip mass = 0.05 kg = m,

1
I= 12 (0.5 x 1072)(0.125 x 1072)3 = 8.138021 x 10-13 m*

_ 3EI _ 3(200 x 10°%) (8.138021 x 107*%)
A (0.25)°

k = 31.25 N/m

m = mass of beam = 7800 x (0.25 x (0.5 x 10-?) x (0.125 x 10-2)) = 12.1875 x 1073 kg

1 1
S 51.25 2 22.4168 rad/
(D = -_— = = .
2" ' my + m 0.05 + 0.0121875 racisec
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X_ | 1+eyp? |
Y (a-1)+@Eyn?
6.25 _ { 1+ (2 x 0.01r)? }5

1 —_—= =
0.125 (1 - r?)? + (2 x 0.01r)?
or r*—1.9996r2+ 0.9996 =0

®
or r=—=0.9999
(Dn

® = 0.9999 ®_ = 22.41456 rad/sec

V Ymls

%, 6
' F(t)
Equation of motion for rotational motion about the hinge O:
(Jo +ME) 8+ (k; a® + ko b2) 0 =F(t) £ =Fg €sin wt (1)
Steady state response (using Eqs. (3.3) and (3.8)):
0,(t) =Osin wt (2)
Fo ¢
where © = 3
(kl 32+k2b2)—(Jo+M{2)(dz ()
m(’ '4 2 1 2
= )Y ==—m¢ 4
ad Jy=——+m(z)=7m (4)
For given data, J, = % (10) (1) = 3.3333 kg—m?, w= L.O(;%Tl = 104.72 rad/sec,

and

_ 500 (1)
5000 (0.25% + 0.5%) — (3.3333 + 50 (1%)) (104.72%)

= — 8.5718 (107*) rad
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Equation of motion for rotation about O:

¢ ¢ 63¢ 3¢

J09=—kTZ—k——4—+Mocoswt
ie, Job+ %kt” 8 =M, cos wt
where J(,=le—m(’z+m(£)2=%m€2 478 (10) (1%) = 1.4583 kg—m?

and w = 1000 rpm = 104.72 rad/sec. Steady state solution is:
fp(t) =O cos wt
where

6= M, 100

5 :
Tk & —Jyu? 5000 (%) (12) — 1.4583 (104.722)

= —0.007772 rad

k= 4000 N/m, m= 10 13, €= 40 N-%m, F(t)= 200 cos ot
Fo= 200 N, = 10 rad/s, %, =0.1 m, X, =0

wﬂ-': Tt— = 20 r&J/S' ’ sz: _F__O___ 200

& * Foop = 0re5 m

32 %, =(Y, ) = (4 2 J4o00(10) ) =
4 \j“"{ G’n—\li-(o |) (20) 19:899749 ra.J/s

r= U 2(.)“""5

0-05

{(l-— 0-5'1)2 + (2 (o-l)(o-S))z}"i

X—

1
u.
"'\
k
I
-q
u
+
~
w{
1
\/

= 0066082 m
- | 2 r - » 4
#= tan ( lr,>={'a.n' (2*°'*°5)=o-|32552 rad

t-r l-0:5%
S{:ea.cay state résponse, Eg. (3-25):

“p(E) = X cos(wt -9¢)

= 0066082 cos (10t — °"32-552> m
Total response, Eg. (335) :
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Z('k).‘- Xoe-?wn'k COS(th—¢o>+ X cos (wt"ﬁ) _(E.')

USI‘Y\& the initiad conditions X and *o’ EZ.(E.j) gives
’, = X,cad¢°+y_us¢ CE-z)
or

Ro 5 o= %o X co5¢ | (g-3)
9.(¢=-T(‘9n X°w$ﬂ°+wJX°Sl'n¢o+wx5fn¢ (EJ')
or X, Sin ¢o="(§:§;¢°+ jwnxom;do..wx:l‘n,d} (E'S)

For known values, Egs-(E-B)MJ (e-5) yield

Xo cos 9!0:0-03'1'198 ) XoSing, = —0:0003922

Hence 2 2 y L
Roz{(Xo @5 85) + (X, 5in 8 Y } 7 = 034510

¢,= fa.h-' <x° Sin 4o = —0026710
X, Cos &,

Thus the total response, Eg. (- 1), will be

x(t)= 0034510 e_Zt cos (19.899749 ¢ +o-a267w>
+ 0066082 coS (lof:—o-!‘ézssz) m (E-G)

@ k= 4000 N/m, m=10 K9, c= 40 N-$/m > F(t)=1200 cos 10t,

F°= 200 N, W= lo r“d/s) X,=o0, ‘*0: 10 rl\/g
From SO[H'h'Oh of Prouem 3.21,

3= o, wd-': 19:899749 !‘a.J/g, r=o:5, X =o0.066082 m,
= 0132552 rad

*p (t) = 0.066082 cos(iot—- 0:132552) m
X, cos fo= %, — Xcos ¢ = _ 0:0655012

Xo Sing = w—'{i,-&- T W, X, o858y — w9 X Sng } = 0491547
4
1
Xo = {(X, cos #) + (X, sin ¢o)z}'z = 0495892

¢°= ta.\n-| (Xo Sin @o >= - +439320
X, Cogﬁo
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Thus the total response, Eg. (3:35), is given by
x(£)= 0.495892 é” ces (19899749t + 1r438320)

t 0.066082 cos (10t —0-132552) ™

@ k= 4000 Nfm, m= o %9, ¢z 40 N-3%/m, F(t)= 200 cos 20t

Fo= 200 N, @@= 20 rad/s, Xo= o dlm, %, =0

_ F
o= [E =20 radfs, 5= L2 222 = 005
40

c (=
i 2{km = 2 JFose (1) = o1
Wy = Jimx® Gpz \i- 01 (20) = 13- 899749 rad/s

(A
Y= wn= i

X = St 0-05

{(-r* )+ (23r)*} o {(l- *) + (2 *o.uu)z} Yo =0°25
o=t f2xe N g -
p=to (2I5) = ' (w) = T

S‘l:ea—clﬁ state response, Eg. (3.25):

Xp(£)= X cos(Wt-¢) =025 cos (20t '%) m

Total response, E&. (3. 3;):

-J Ww,t
x(t) = X° (4 oS (wd'l; -—¢o) + X cos (w‘t-#) (E-()

Using the iitial conditions x, and %x,, Eg. (E-1) 9ives
XocosSgdy= %,- Xcos ¢ =o0-1- 0-25 cos T =o-|
KXo Sin ¢, = -—a"—d{io.g- TWLX, cosd, - X g:n,d}
_ (o + 0 I%20 0] — 20 #0:25 & Sin 1‘;)/?'877749
= —0'241209

Hence X, = {(x,c.,s ¢°)z+ (.X, $in ¢,>"}% = 0. 261117

S -
<x° ln#b _fanl(_o-ﬂfl207 =—‘-‘77783

o Cos ¢o o]
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Total response :
-2t

x(t)= 0-2611V7 € cos (19 899749 % +1.77782¢)
4+ 0:25 cos (20 t - 7_;) ™

@ 4= 4000 N/m, m=to kg, ¢c= 40 N-s/m,

F(£) = 200 c05 20t N, Fo= 206 N, &= 20 rad/s
Xz 0, %, = 10 mM[s

From selution of Problem 3.213,

T=o0'l, W _= 20 rad/s, W, = 19-899749 rad/s ,r={

Xzo015, ¢=T

Xy (€)= 0.25 cos (201 - Iy m

X, 08 go= Xg— X tosf = 0-0=0

X, Sin ¢,= Z;_J {io*‘ Yo, X, s ¢ -—wX an¢}

_-.__1___{.04.04*20*0 - 20 *o«ZS*s.‘nl;:}
19.-89974 9
= @-2512¢0
) L
Hence Xo = {Q('o cos$ y!o)z.,. (X,sin ¢°>z} X _ ,.2512¢60
'fa.n (X,Sm¢° = (570793
X, cos ¢,,

Totad Yesponse: .
-2
x(t)= 0.2512 o € Cos (H].g??-,q? t - (-5'70793)

+ 0:25 cos (Zot—l:) ™
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¢»)

m = 225 kg, F(t) =900 sin 100 n t N
Let X . = 0.125 cm < 0.25 cm (maximum permissible value).

1
—_ - T = -2
From Eq. (3.33), X, = 3, or (1 _ ¢ =0.125 x 10

F, 900
Let £ =0.01. Then §_, = [ and Eq. (1) gives
eq

eq

) 900
® " 9(0.01) V1 — 0.0001 (0.125 x 1072)

= 36.0018 x 108 N/m

Since shock mounts are in parallel, stiffness of each mounts = k = 12.0006 x 108 N/m

C
Ceq eq

= am

or =8 2k, m =0.01 Jz (36.0018 x 10°) (225) = 1272.824 N - s/m

c
and hence ¢ = ;q =636.412 N - s/m

Equation of motion for torsional system:
i+ (0—-&)+k (6—a)=0 (1)

where 6 = angular displacement of shaft and & = angular displacement of base of shaft
= Qg sin w t. Steady state response of propeller (Eq. (3.67)):

+—20m—>+<— 30m —5

| 4,__. Y. 3
-— "1 ''''' ?:‘! '.1: _-Sé‘i,-n-#
shaftz ,gm odm shaft |
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6,(t) = O sin (w t — ¢) . (2

1
k4w |
where 6 = = Jo @ — (& of (3)
Jo Ct (l.)3
= tan—1
A Py vy “

Here Jy = 10* kg—m?, ¢, = 0.1, and w = 314.16 rad/sec. Torsional stiffnesses of shafts:

T
G (80 (10%)) [E (0.6* — 0.4‘)]

= 27.2272 (109 N—m/rad

30
™
Gy Iy (80 (10%)) [E (0.4* — 0.2‘)]

3 = —3 6 —
(k)2 z o 9.4248 (10°) N—m/rad

Series springs give:

L o eeh (ke (27.2272 (10°)) (9.4248 (10%))
© Ty (k) 27.2272 (10°) + 9.4248 (10°)

= 7.0013 (10°) N—m//rad

et =¢ (2 V7o k) = 0.1 (2) V/(10%) (7.0013 (10%)) = 52,919.8624 N—m—s /rad
From Eq. (3),

1L

2
(7.0013 (10%))* + [5.2920 (10%) (314.16’)} i
© = 0.05 |

{7.0013 (10%) — (10%) (314.162)} + {5.2920 (10%) (314.16)}

= 9.2028 (107*) rad

(10%) (5.2920 (10%)) (314.16%)
7.0013 (10%) [7.0013 (10°%) — (10 (314.162)] + (5.2920 (10*) (314.16))°

¢ = tan™?

= tan™! (59.3664) = 89.0350° = 1.5540 rad
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62)* ey
{(@-r*)* + (23 ry }1/2

i dX¥X i SatieBV (-
For maximum X, dr f‘osst 'ji' {(|—r1-)1+ (z1r)* }i/z {2(' Rl u)“(”r)(“)}
e “4r(1-v*) + 3r 3% -0
e r=yi-2%2
X - Ssﬁ _ Sst
af r=yi-27% [fi" @23} + @y Vi-272 )2]1/2 2yJ1- 18

X

1
(sst )ma.x - 2Y \h_ v2

@ Under a d.c. current (I) through the coil, core rotates by angle 6. Torque developed due
to I balances the restoring torque of spring: a I =k, § where a is a constant and ki is

the torsional spring constant. Under an a.c. current I(t), torque developed is T(t) = a
I(t) and the equation of motion is:

Job+c 04k 6=T() =allt)=al cos wt (1)
Steady state angular displacement of core:
8,(t) = O cos (wt — @).sp (2)
aly
k
where O = 2k — = L — (3
= 2 2|+
2 w w 2
ke — Jo W?)? + (¢4 w)? 1-(—)? 2¢—
{( v — Jo W) (ey w) (wn ¥t +12¢ o

When w = 0 (d.c. current) and Iy = 1 ampere, Eq. (1) gives

ky
and hence 2 = k; = 82.5.

When w = 50 Hz = 314.16 rad/sec and Iy = 5 amperes, Eq. (3) gives:

ky
6, =

1
2 2 r}

2
314.16 314.18
1_[2so] +2(1)[250]

B4 = [i] = 1 (reading corresponding 6;.)

= 1.9386 amperes
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where Jy =0.001 N—m? k; = 625 N-m/rad, ¢, = 0.5 N-m-s/rad, and

k .
Wy = L 528 _ 250 rad/s. The steady state value of current
i V oo

indicated by ammeter — 1.9386 amperes (this shows that the ammeter is not accurate).

{
W= 5, 2T

X
Eg- (3.34), Xsres - 5—g¢

st ‘
i~€- - 2
dse= 27 lof)o) =004 Y (1)
i
Ez.(3.3o>: X = - T Y= o-7‘5=%
Sct Jq-hz) +(2TT‘)2’
e - 0-0! = L CEz)
8st \/Q— 0-75*)* + (2 gro0.75)*
Egs- (B) and (E,) Jive
00l _ 1
004 (o 9+ z.25 T°
e 001914 + 2:25 T* = 1¢ T2
e T = o-ll80
()
™m ——
mx = c|(y-;¢>_cz;¢ - %, % Ky X Cl(ﬁ“*)
(-e. 'm;c + Cc,+cz) x + %, x = ¢, ;; =-¢,9Y Sin et

) ey - ZEr/n)
J(t— r2)2+ (277)2
-1/27r
where r= 60/49,., , T:(c.-r Cl)w(Zrk) and #= tan (l—r’)'
(C) Stea-&j- state force transmitted t, point P:

> Sin (Uf— ¢)

=_ -(ew¥) _sin @t —2) + ‘i“’ ca-'(”t"‘)}
J@‘r1)1+(ZTr)z =
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Ep. (3. iv X =
@ em e (). %

!
¥ X-= 3T Xmax = J—ii'- XI(J:G’.. » €g-(3.30) gives
1.L - 1
T 1y \[(1—1'")2+ (zTr)z'
Spuaring and rearranging
BY = (1-v3) 4+ 4¥ = a-arty oty gyt
™er?(av-2) + (1-872) =0

r?= 1-27% £,y 1+72
Neglecting terms involving 2 |

2
1. @
= = +
r w:-i_lT

Let W=, when r%2= 1-27% and W= o, when r?= 144 2%

Wl - of (Wt o) (@0h- 1)
IR R, = 47
o7 (B ey
z
G’z+6’1 =7
t‘.: i dl' - T (77-3 x lO’) _“’_>4 = 19930.31 N—m/ra.ci i
32 4 32 (1) toe
Wa= [X _ [fiss30.
n = = &973‘,4 = 44.0434 rad/sec
O = Mto 1‘{_ = 100%9930.3| = 00502 rad
_ c
Se = S _ 300 = 0-33¢
2J; W 2(10) (44-6434)
(@) Eg . (3-30), when written for a torsional system, gives
® 1

G [G-r)F e asry
e, (2/ 57 -zase) _ 1
' 0:0502 ‘/(l—r">z+(2xo-336 r)?

- 15484 r* _ 1.0€79 = o

i‘e-, r 4

‘.'e., \'2: 2:0655 , —0:517I

L= r®n= (70555 (44-6434) = G416 rad frec
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(b) Maximum torgue transmitted to the support :

M, (+) = &, 8(t) + ¢ 6(+)
= %, @ C,;(wt_;;) —- ¢ ® w sin(wt-g)

(m{:)ma'x _ \/(ké g)z + (c. @ w)z‘
'-'/{‘3930.51 (—572'5?(.)}2 * {aoo (572-29%)(“"6)}2'

..i..967' 2 N-m

@ Cornrle'!‘:c solution is x(t) = Xo ETw"tCos (th_',%)*_ X cof (Lot -#)
=27W(3:5) = 21.99
W= 2 ( ) 12 YQA/MC) wanE:__":,|%2 = {53114 m)/m

Fe _ 180

85&= ¥ = 3560 = 0072 m
I - 45 _ W _ 2).9912
3= Tm e, | 2(0) (15-8114) = & 423 , 71 = T v 1:3908
TWn= 2:25, .,:Ji—‘r‘ W,= 15.¢505
X = L 0.072
z z =
Ja-r2Y + @vr) [(a- 1-3108*)* + (2 xo-1423 x :-3903)‘]"/2
= 0:07095 m
3r 03953 o
b= tami(T ) fa.nl.——">=-22'9591
—-0-9343

2-25t
x(t)= X, € b (15-6505t + 4,) + 0.070%5 <ot (21.9912E + 22: 9571")

-— , -9 't
225¢ ¥ (l5-6505f+ ¢°) - 15.6505 X, ez 2 &Gs.ssost...g)

x(t)= - 2.25 %X, @
= 21:9912 (0:07095) 4¢n (21-9%12 t + 22 9591°)
x2(0) = 0.015 = X WSe, + 0-07015 cof 22:9591°
X chSdy = - 0:05033 ---- (€4)
@)= 5§ = -2:25 X, A B —15:6505 X, Ain B, — 15603 Ain 22 9591°

-0. -2, Ad, -5
X Ain B, = 06086 — 2.25 X, - N

15.¢505

Eps- (E¢) and (E,) give
Xo = {E0-05033) 4 (—0-350)? } = 0-3547

(-]
-1 350 .
tan (:osoas) tar' ( 6:9760) = g1. 8423
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. 1 X _ 05 _
(a) Eq. (3.38) gives 20~ \8u ). 025 ?

£=0.25
(b) Egs. (3.42) yield

e

2
0]
—) =~1-20=05 o, =0, V0.5 =(3Bx2mn) V0.5 = 22.2145 rad/sec

n

2
(v
m—zj =1+2{=15  o,=wn, V1.5 = 38.4766 rad/sec

n

Amplitude of vibration under base excitation:

V% + (c w)? W

1

X=Y- [[k—mwz]z +(cw)2]; !

(0.2) \/k2 + ¢? (157.08)? | =0.1m (1)

2
[k — 2000 (157.08)’} + ¢? (157.08)?

Let k = 5 (10°) N/m. Then Eq. (1) gives:
Vo5 (10%) + 24674 (10 & _
"V1966.7717 (10'2) + 2.4674 (10%) c?

ie., 1.85055 (10%) ¢? =466.6929 (10'?) i.., c=158805.0 N—s/m

T= E-—mw’]2+c2@z P
- (10%) + (102 (;zoo m))? W %
or 1(;:6 ~ 1H10° - 5#-'0-0-] (200 7} + {(103) (200 1r)}2
| 9.81

L
or Y =160.5294 (10~%) m
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@ Equation of motion:
s [ele [ e.e 3¢ |36
or Io'é+c£-9+ikl2 6=Mgcoswt .
16 8
2
where Iy = mlz( m (i)2 = 71% m ¢ = -178_ (10) (1?) = 1.4583 kg—m?
2 2
& _ (000 (1) _gg5 N—m-—s/rad
5 16 5 16
Tk &= 5 (5000) (12) = 3125.0 N—m/rad
w= i.%—(()z—ﬂ = 104.72 rad/sec

Equation of motion becomes:
1.4583 6§ + 62.5 & + 3125.0 6 = 100 cos 104.72 £
Steady state response is given by Eq. (3.28):

6,(t) = O cos (wt — iﬁgo= O cos (104.72 t — @).sp
where © = — = 0.006927 rad

2 2 ——
2
{3125.0 — 1.4583 (104.72’)} + {62.5 (104.72)}

62.5 (104.72)
3125.0 — 1.4583 (104.72%)

= — 0.4705 rad = — 26.9606°

and ¢ =tan™!
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m = 100 kg, Fo =100 N, X,, = 0.005 m at w = 300 rpm = 31.416 rad/sec.
Equations (3.33) and (3.34) yield:

W=y 1—2&='\/£_ 1-2¢ =31.416
m
or k(1 —2¢?) =(100) (31.416%) = 98,696.5056 (1)
1 0 1
and Xpuy = O — = = — ————r==— =0.005
2¢Vi1-¢ Fk 2¢Vi-¢
0
Vi-¢ = —— =10,000.0 , 2
or ke V1-¢ = 15005 @)

Divide Eq. (1) by (2):

1-2¢  _ g.8606 (3)
cVi-¢ |

Squaring Eq. (3) and rearranging leads to:

101.4090 ¢* —101.4080 ¢ +1 =0 or ¢=0.0998, 0.9950
Using ¢ — 0.0998 in Eq. (1), we obtain

_ 98696.5056
1 — 2 (0.0998%)
¢ wefind

m wy

= 100,702.4994 N/m

Since ¢ =

¢=2m w, ¢=2(100) ‘\/-199-7%’0%‘3‘-‘- (0.0998) = 633.4038 N—s/m

Fo sin wt
reactions 3
at O ‘m;. \y T _I':‘
,klz Ci

Equation of motion for rotation of pulley about O:
~ky(0r)r—Jobf—Jkyx(2r)—cx(2r)+Fosinwt(2r)~mE(2r)=0 (1)

where 6 = x/(2r). Equation (1) can be rearranged as:

2 tomr|¥+2crx+

2r

2k1r+-;—k2r]x=2rFosinwt (2)
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For given data, Eq. (2) becomes

115 + 50 % + 112.5 x =5 sin 20 ¢ 3)
Steady state response is given by Eq. (3.25):
xp(t) =X cos (wt — §)

where X = - = 0.001136 m
2 2|
{112.5 -1 (20’)} + {50 (20)}

50 (20) o

= tan~! = — 0.2291 rad = — 13.1287

and ¢ =tan [112.5 - = ‘

Y My =0 (about hinge): |
L+ k03—‘1 ﬂ+( ch)e= iFosmwt
F
or I°0+c6’29+1—6k€20= sin wt
Magnitude of steady state response:
1
9 1
Fo € 2
L) TR I .

Y My =0 (about hinge):

Iob'+(kt’9)t’+[ 3‘4—"9 Ef;_grc‘osmwt

iy . Fy ¢
or 109+%c€29+k£’20=

sinwt

Magnitude of steady state response:

Q=[F;f]/[{uz_w} daeed] .

Usually, c is small compared to k. If the term containing ¢ is negligible, ©, will be
smaller than ©y. Hence arrangement (a) is desirable.
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3(¢) = 7":3,(*'»') = A s wt ¥(t)= —(:-‘; sin &t + B,

- _ A i & = =(t)
$(E) = - 5z s WE+ BES B, DA,
Assuwming  y(o) = ﬁ,(o) =0, we get m
A ¥ */2
y'(t) = - —‘:5? cos ot
Ezu.a.f:c‘an of motion: S NN N NN NS AN NN
m ;E + (l—'}) =0 7’}“’0
ie. m%:.q- kg,.-.-—m;_-.-_m ;}(t)z_-mAcosCO'b
where =x-}
S'-olu-\‘.'.'on s —mA s et
3(t) = e
oo x(B)= FE)+ 3(8) = - —"—1_“—:;4— :;—,_)A cos wrt

From solution of Problem 3. 4,
-mA

x(t) = sin wt - 57- sin wt
*—m
-2000 (5325) 100 sin 25t

\
sin 25t - ‘—.:;>(25)z

2
0.l %x10° — 2000 (25)
For moaximum 2 (t),
x(t) = — 200
1-45 x 10°

Naximum horisonﬁl J"srlwment Of ;Floar = 03339 mm

| -
- 6250) sin 25t = —3-33?/‘(04 Sin 25t m
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\'ﬂ(;*;)-{- f(t-’_):—m; = —m™ 'xi} (E.)
Here

y(t) = Zg(£) = X, cos wt, and Eg-(E) becomes
m%-*- ‘k}: rn(a‘*'-)(} cos wt with }:z_}

Solution is:

2 2
s s ot t
3(t) = m Xg co _ )(‘2 rcos w
k- mar? (- r*
wi‘k‘\ ., = x - 5 J
’ " J"n? - —02;0.; = 15, 2114 rad/sec

and  r= W, = 200/15. 3114 = {2:649]
_ /s 12. 6492
1000 cos 2oot = _,,
— |z:543|{' 0:01509 cos 200t m
x(t)= 2(¥) + 3(¢) = {o-al5 os 200t — 'O'°l509| wS 200t 1 m

o~ Amplftude of vibration of floor = 0:03009 m = 30.09 mm.

Time faxen by car to travel one cycle
(35 m) is ,

o2m = 2Y

T = 35 x 3600 | i
= —_— = 2.4 sec 3 m
60 x 1000
T
Excitation freﬁaencj = ¢y = % = 2.992 ra.a'/scg
(&) -
S,= 21T(2) = 12.5664 m.n'/.m-. , = {3~ = 02381, T= 045

Amplitude of vibration of car is given by Eg.(3-68):
X _[ 1+ (2771)2 ]1/2
14+ (2%0-15x 0.2381)* )
X = ot { ( }
(1- 0:2381*)% + (2x0:15 x 0-2384)*
o 105977 m
‘The most unfavorable speed corresponds to the maximum of
—’;— in Eg. (Er). For maximum of % with respect & r,
_i_[ 1+ 4%5%r*
=0
dr l+r"-zr7'+4's'zr"]
e Qtrdoarlraste)(Estr) — (144vir)(griareser)
(1+r4—2r% 4 4 T2r?)?
—4f‘(2‘s'zr" + r"-|> =0
ce., r=90 or r"— -t * Vi+ g§¥%*

47T

(g,)

l.'e-’
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Feasible value of

r2=- -t + \/l+8(o-:5)7'
- 2 = 0-95%¢
4 (0-15)
r= 9 _ '
W, — 99721
2Tv
W= 0:9791 (12.5664) = 12°3035 rad/sec = == |
— 35x3 .
where 7 = —T?fjfggl- and 5:;4PgeJ of Car in kq/%r,
. - 12+ 3035 x 35 x 3.
b d »8 - 2Tv X L 3 246- 7279 kh‘l/Aru

Eguations (3:73) and (3-68) give

2 1/7,
F1'='m(-$zx-_.- msz[ 1+ (257) ]

(1-v2)2 4 (2 7r)?

Fro nwz[ 1+ (277)° ]%

kY * (t-r*)? + (277)?

? [ L+ YTy ¥
] €-r* + (27 r)z]
Eg.(3.75),- MP 4+ Ch ek = mmE = mOY cos aot
S‘fea,clj —state solution is:
()= m@TY cos@t-4)

6"‘ ma’:.)z. + (cw)" = Z cos @t-—#'>
-1
where # = tan *_E%?
Damping force = ¢ % = —cw Z sin(wt-g)
Energy absorbed per cycle by the damper (E) -
e= (7% 27y/ls
- f cd¥ 4
t=o dt

¥ = f{_cw y g.-,,(w't_,f,)}{.wzs-.-n(wt--,s,)}dt
Q
= co*z’ fi’.'ﬁ"z(we_,a.) 4 = Tew Zo

Since Z = m(B"Y/\/@-mw")z + (cw)z‘ ’
_ T (rnlasl"f)
E = { }

é"’ ™ 691)" + Jfe?

For maximum power , de _
d

c
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e {(k—m&?")ﬂ- C’-w’-} (-rc.s; YY) e miy (2ew®),
{(’k‘m(ﬁ;)zﬁ' Czwz}z =

e, ¢ = ( «—mca">
= =)

Linear displacement of point Q due to § = —34—[ 6 and net compression of spring PQ =

3
1 ¢ 6 — x(t). Equation of motion:

105=—£{_9§—k[i:;9-—x(t)]3§ (1)
where Iy = % mé +m (-ii)2 = :—8 mé = f;% (10) (1%) = 1.4583 kg—m?®
Hence Eq. (1) can be rewritten as
L6+ %k(’]0=[:—:-kt’xo]sinwt @)
Steady state angular displacement of the bar is given by Eq. (3.8):
6=[%k(x0]/[%kt’2—lowz] (3)

= [% (1000) (1) (0.01)] /[% (1000) (12) — 1.4583 (10?)| = 0.01565 rad

and hence 6(t) = © sin w t = 0.01565 sin 10 t rad

Equation of motion:

” ¢0 ¢ £, ¢ 3¢ 3¢

=k e ()~ (=) -k |— 0 - —_—

Li=-k (6 -c L85 k[4 x(t)] a

o LB+ Lerdsiramdienn=2kers
i.e., 100+16c(20+8k£’ —4kt’x(t) 4kt’xosmwt (1)

T mer=" (10) (1) = 1.4583 kg—m® (2)

2
where Io=—1—m€2+m[£] =8 8

12 4
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8 _ x(¥)

Using given data, Eq. (1) can be expressed as

1.4583 § + “1}'57 (500) (12) 4 + % (1000) (12) 6 = % (1000) (1) (0.01) sin 10 ¢

ie, 1.45830 +31.250 +625.00 =7.5sin10t (3)
Steady state angular displacement of the bar is given by Eq. (3.28) with:
- 7.5 — = 0.01311 rad
| 2,12 2 2 z
[625.0 —1.4583 (102)] + 31.25% (10%)
31.25 (10
¢ =tan™! 1.35 (10) 5| = 0.5779 rad
625.0 — 1.4583 (10%)

. f(t) = O sin (wt — $) = 0.01311 sin (10 t — 0.5779) rad

Displacement transmissibility (T):
1

X _| 1+ |7
Y |-+

For maximum of T,
1
dT 1 1+4¢ 1 2

a2 (1+r4—2r2)+4§'21'2
[(1—r2)’+(2g1-)2 83r)—(1+4¢r%) [4r3—4r+8§2r]

7
la-ry +@sry
This equation can be simplified to obtain:

23t +rP—1=0

- 8
Solution: r? = 1+ 1+ gz

I Wed
or 1'=r,,,,=—21—§‘\/\/1+8§z -1

=0
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Empty

m = 500 kg

at speed = 90 km/hr = 25 m/s
and wavelength = 3.7 m

2
w=2nf=2n 37

= 42.454 rad/sec
k = 450 x 103 N/m

=02
{k f450 x 10°
(Dn = _—— ——
m 500
= 30 rad/sec
0
r=—-= 42.454 =1.41513
(Dn

2Cr)?=(2x0.2x 1.41513)2
= 0.320415

(1 - r?)2 = 1.005193

X_| 1+ |
Y |a-1%?+@gn’

1

_ 1+0.320416  |?
~ 11.005193 + 0.320416
= 0.99804

Amplitude of vibration of automobile is
diminished by a factor of 0.99804

Fully loaded
m = 1500 kg

o = 42.454 rad/sec

k = 450 x 103 N/m
{=02

. =\/£= 450 x 10°
" Vm 1500

= 17.32051 rad/sec
®
r=— =2.45108
(Dn

2 {1)? = 0.961249

(1 -r??=25.078

1
X _ 1+@2¢r)? |
Y |@-r)%+@2¢r)?
1
_ 1+ 0961249 |2
~ 125.078 + 0.961249

= 0.274443

Amplitude of vibration of automobile is
diminished by a factor of 0.274443
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@ Equation of motion: MX +cx+kx=mew sinwt

3___00(2(()2 ™) — 314.16 rad/sec, M = 100 kg, ¢ = 2000 N-s/m, k = 10° N/m,

m = 0.1 kg and e = r = 0.1 m. Steady state response is:

xp(t) =X sin (wnt;e—qS

where w =

where X =

L
I(k ~Mu?)? +(c w)Z] 2
0.1(0.1) (3 4.16%)

=110.9960 (107%) m

2 —
2
{10" — 100 (314.162)} + (2000 (314.16))?

and ¢ =tan~!

—_———— | =tan~
k—Mc2 | " |10° — 100 (314.16%)

e w [ 2000 (314.16) ]
— — 0.07072 rad = — 4.0520°

t é m, =20 kg
4 = spri constan
@ P (n? b Of Ta_:'. sec{‘n'ol‘! "-~.7n =05 K9
cantilever beam (self mass = 240 %9) .“ .?;—
= BE I - 3 (2'5‘ x ,o‘) d EI: 20; MN/M 2 r'—' 0-15 \-.-‘l- 0"5"‘
23 - 43 7
¢ 7 |
= 0172 x10° N/m j— 4m -

e ' 6
Wy, = f - o« (172 x1i0 - . 275
m, +0-25 M \/z:+o-7.5(2140) 38-2753 ra.d/Sec

e = 2T (1509) /60 = 157:08 rad/sec
r= /w,= I57:08/38.2753 = 4-1040 , r*= 16-8428
Forced response is given by Ep. (3.79) :
xp(t) = X sin (9t -4)
where me r*
X=my \[@-r“')z+(2‘§r)z
_ (0:5)(0-15) 16.:8428
peedlIE e —— z z,
2o \/('- (6.3428) +(2x 0415 x 4-104)

= 3.9747 x 60 m = 3.9747 mm
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5. = 45 - M3 _ 330 x 981
@ stT oo ™ = _kZ = =

“e. k= &§2,840 N/‘"‘
_ = ‘ . 2T (1750
a@, = Jﬁ- = 323.:040 = 14.7648 ra.ﬁ"/gec 5 W= —%_D-
r= & . 183-26 = 183-26 e
Wn 14-7648 2-412 ré= 154 .056¢
(i) Amplitude of vibration
x = me r? _ onis I154-056¢

M [Q-r*)*+ @yr)® T 380 V(153-056¢)* +0
= 3:9732 xno-“m
(i) Force transmitted to ground

= X = (82840) (3-.9732 XIO—‘*) = 32°9140 N

r-= T';:(O's)(o-i)3= o- 4-(67x|o.q m+
192 ET 112 (2107110") (a 4“7 X to l')

k= ———— =
(s)’

a L}
()w / /la 7.43x|o = 420.2356 radfrec

W= z'n'(azoo)/‘o = 125-664 ra-d/!ec

7
= |+3248 x1i0 N/m

r= 8%, = 125:664/420.295¢ = o.299 , r®*= oc.0894
Amplitude of s‘f‘en.:lj-s'l:a:ke vibration is given by Ep. (3-30)
with T =0:
X = Set _ Fa _ 5000
Ir‘—j_l ‘kl(r’-_g)\ - (1.324911107)(0-9[06)

0:4145 x16°m

(b) Using the effective mass due to sels weight of bea.-rn
(for a ca.n{-i(ever) to be valid tere also,

Wy, =

M+ 0.2357 m
where M = mass of motor =75 kg , and

m= mass of beam = (5 x0.5 xo- I)( 76:5 xi0® )= 1949- 5313 xq

W, = J 13.242 x (0® o o-#!

. 75+ (1947.5313)(0-2557) = !57:4339 rad/sec

r= (‘V"’n = I25-664,/¢s7.4339 = 0.-7932 5 ri= 0°637I
x Sst Fo 5000

- Irz.. 1’ T & ‘rz_" B (1-3248 xlo-') (0-5629).

-3
= 10400 x 10 m
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@ Let widtt =o0:5m and thickness = t m.

I= T‘;_(a-S')t3= Z;b: m"
4
3
«x=- 3ET _ 3(:-07:(0")( £/24) = 2.07 xi0® 3 N /m
L3 GH?
©n = '/m+ : 2357
. m 3
76-5 X0 - ;
uA;re m= moeSS of Lga_m-_; (‘5)(0-5! t)( —_—9'35 >—'9495-:‘J‘t
2:07 x0? ¢? l
o, =
75 + 0:2357 (19495-41 t) ‘
= -f-,’: - (25.6¢4 ‘\/75 + 4595.06%7 t
207 xi108 2
_ 8st _ Fo
[r2-1 | * [r2oq |
. 5000
€., o's =

(207 x16® 4:’){ (25-66a)" [ 5+ 4595 068TE ] _ 1}
' 2.07x10% ¢t

. 3
‘e |.3708 x0? & - 4595.069t _94,.3¢7 =0

B‘y trial and error, the value of ¢t is found as

tz 06m.
Since this (s too large, we can start with o new widft such ag

1-0 m,

m= (‘00/9-81) N, W= _2"('°°°)/60 = (04.72 rad/sec

k= ¢ (6000) = 326,000 N/m
W, = % m = \/36“‘/(%3_‘:3 — 24.2611 rad/sec
r=0/4s, = 104:72/24.2611 = 4:3164 r¢= 18-¢311

Fo m, e 52
X =2 —2 o ——==
k !"z"" * Ir"—l[

where my= unbalanced marss

and e = cccentr[ci\‘:y

;'E') ‘ mo e (’04'72)2

3¢oo00 , 17-63 (1 j

Z'leé'a =

l-e-l moe._._ o"447 ky—m

Unbalance = W, e = mae = 0-/447(9:81) = 1-4195 N-m
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A helical spring with stiffness 8 x 106 N/m

@ Compressor weight 5000 N operating at 1500 rpm
another with a stiffness of 2.5 x 106 N/m

5000 , = 21 (1500)

Solution: m = =510.2 kg, = 157.08 rad/sec

Possible isolators are: (with only one spring)
i) k=8x108N/m, (=0

(1) k=25x10N/m, {=0

(i) k=8 x 10 N/m, (=0.15

(iv) k=25x%x 108 N/m, {=0.15

We will compare the force transmissibilities of these isolators.

1+ @7’
1 -1r*)?+@¢r)’

k 6
@ o = ,/— = ,/8 X 107 _ 1959203 rad/sec
m 510.2

Force transmissibility = T, = \/

) 157.08
r=—=———— =1.2544, r2=1.5736
©, 125.2203
1
T, = = =1.7434
|1 _ r2| 0.5736
’ 6
() o, = 25x 107 _ 70 rad/sec
510.2
0 .
r= —(1)_ = 157.08 =2.244, r?=5.0355
1

—_— 1
T, = 2| = = 0.2478
r |1 —r | 4.0355

6
(i) o_ = ,/5 = ,/ 8x 107 _ 1959903 rad/sec
m 510.2

r=1.2544, r?>=1.5736, {=0.15

- > = 1.5575
1 - 1.5736)* + (2 x 1.2544 x 0.15)

(iv) ®_ =70 rad/sec, r=2.244, r?=15.0355, {=0.15

_— \[ 1+ (2 x 1.2544 x 0.15)*
=\«

1+ (2 x 2.244 x 0.15)
= = 0.2946

(1 - 5.0355)% + (2 x 2.244 x 0.15)

Isolation (11) is best.
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Amplitude of vibration have been observed to be 0.015 m at resonance and 0.004 m
beyond resonance.

Solution: Eq. (3.82)

MX r’

me \/(1 —r*)? + (2 ¢r)?

when r=1

MX 1 M1 1 1

me 20 % me 20X 2r0015) oo0sg BV
when r = large

MX M 1 1

— =1 _——— = ——— E
me “ e X 0004 ()
Combining (E,) and (E,),

M_ 1 1

me 0.004 0.03¢

- {=0.1333

Motor weight 3500 N, running at 1800 rpm.
Helical springs wire diameter 0.0065 m, coil diameter 0.08 m,
Rotor weight 500 N, center of mass offset by 0.2 mm

Solution:
For each spring:

Gd* _ (83 x 10°) (0.0065)"

k = = — 4521.5 N/m
~ 64nR? 64 (8) (0.04)*
Total k = 4 (4521.5) = 18085 N/m
W= 27':—(180—0) = 188.496 rad/sec
60
500 3500
m=—x% y M=—%k , =0
98 ° o8 & &
o ko 18085 162 rad
©n= M T \(@350010.8) 1162 radisec
188.496
= 188496 _ o0 sgs2.
7.1162
r? = 701.6244
me r? 500 (0.0002) ( 701.6244
M J(1 -+ @Cp? 3500 700.6244

= 2.8612 x 10° m
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shaft diameter 5 mm,
rotor weight 100 N,
eccentricity e 0.0002 m
find: (b) the power needed to drive the shaft.

Solution:

2 7 (1500)
0= ———07"
60

= 157.08 rad/sec
(a) Force due to eccentricity of rotor

100
= me ©? = (%) (0.0002) (157.08)% = 50.3554 N

(b) P = (Force) (eccentricity) (angular velocity)
= (50.3554) (0.0002) (157.08)
= 1.5820 (W)

Plate weight 500 N,

@ Dashpot C = 200 N-sec/m
Fan weight 200 N, rotating at 750 rpm,
Spring k = 40 kN/m

Center of gravity of fan is 3 mm offset from axis of rotation.

N A,

BN AR
:0.125 n? 3 0.375 m < 0.5m >
Solution:
k 3
O J— = \/M = 44.2719 rad/sec
’ mfan 200/98
o= g% = 78.54 rad/sec

1(500) ., (200 . )
ptate+an = 3| 9.8 | D>+ | gg | 0-125)°=17.3257kg m

200
F, = me o? = [35] (0.003) (78.54)% = 377.6652 N
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Point R is subjected to the force F (t) = F, cos 0 t = 377.6652 cos 78.54t (N)
Assume S is not moving.
Then R is displaced by

X (£)= Fycosot _ Fycosmt _ 377.6652 cos o t
‘k —m wz’ 2 2
k- | & (40 x 10%) 1 — | —2:24
®, 44.2719

= 0.004397 cos 78.54t (m)

0 = angular displacement of plate PQ.

Displacement of S = 0.125 6 m

Extension of spring RS = (0.125 6 — 0.004397 cos 78.54t) m
Restoring moment of spring force about

P = (40 x 103) (0.125 6 — 0.004397 cos 78.54t) (0.125) N - m
Velocity of Q= (1) 6 = 6 (m/s)

Damping force at Q@ = 6 (200) = 200 6 (N)

Moment of damping force about P = (200 6)(1) = 200 6 (N-m)
Equation of motion of plate PQ:

J 6+ 200 6 + 5000 (0.125 6 — 0.004397 cos 78.54t) = 0
ie. 17.3257 O + 200 O + 625 0 = 21.985 cos 78.54t (E,)

Comparing (E,) with Eq. (3.24)
Gp (t) = O cos (0t —¢)
where, from Egs. (3.30) and (3.31), we get

(21.985/625)

O=
J( — 170.9986) + (2 x 0.9610 x 13.0766)? 8.4010°
= 2.0470 x 104 (rad)

25.1333
¢=tan! | - | = -8.4010°

-169.9986 D,

Steady state motion of 6 = 0, (1)
= (2.0470 x 10™%) cos (78.54t + 8.4010°) (m)

Displacement of S = © (0.125) = 2.5588 x 1075 (m)

D,D, = maximum deformation of spring = 0.004397 m

Max. force transmitted to point S = k (D,D,) = (40 x 103) (0.004397) = 175.88 N
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W
I = [ sin ot os (0t -g) dt
o

= rziwt[cos wt. Sg + sin ot.sing ] dt

m%z,s é (ﬁn wt- ot (.9{:) + Ain B (sinz'cst)} dt

o

0(/1

ZW/‘{’d¢(SIn i.@t)+ sin & (L.'ﬁs__z—w—t)} at

z
_ Cos ¢ _ Cos zwt) 1M + sin & (‘t’ _ Sin 2(8"7) 2"/‘*9
1 ( 20 o 2 2 o

= %";‘Sin #
AW = OEX'I = okhX Sin ¢

~ Let =x(t)= c{a‘SP(a.cernenf of mass m
New zensﬂl of each Spring k, = (["4— zz)yz
New tension ;n each Spring %, = T = ( [1%+ 2= )k + T
Hor-'sr.\nta—l co-mponen'b qf new ‘fem.'on in each SPrl'ns *
= TS I,
T
Vertical component of new tension in each spring k, = TR
Total friction force = mg + 2L 1 i
N AN a2

when mass moves to r;‘ght:

E&ua_‘f:.'on of motion of mass m: '
'm;E-q-kzzq-ZT" zT‘l

TE e ] et

where A= area of piston.

€. 'm7‘-+7<(-k2+2 I;_) _—_/Arng, +7_/4T‘; +1’.Aﬁ'n¢._9t

E.LVZ!EIF:\‘.&. when the mass_moves to left:

™mx + x(‘kz+2 I}")'—‘-—/“"}-Z/-'To*- f‘..A sin w0t
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Wy = ,/%‘; = ,{2'2—0—9 - 32403703 rad/sec
N= Verh'ca.l force = mg = 2 (9'31) = 1962 N

AN = 2:5173268 x2T¢ = 0‘488“q'
Wn 32403703

e

TFo

<1_—:—;?> {l,t(w.ez)}z]z/z

z |

X =

e 0.075 = 120 L - T (120)
2100 2
(1 - 0-4380191*")

1/2

-
1:3125 =

1- 004334 p
0-5802473

i-e., 0:9995666 = 1- 0-04334 lu"

e ,‘l = 0-1

W _ 5000 5

(d')‘kz -8: = .05 =1 N/m

When w= w,, Ez.(B-toz) gives
Fo 1000

4 = = =0-1
"(F => ° 005) (3 ﬂ o
(b) AW = ™ cethz = WP* xz where CeZ= pz;: from Eg.(B-iOO)

AW = ™ (0'1) ('05) (o-i)z = 314 -i6 Toules/cycle

(<) Steady state amplitude at ome - guarter of resonant

X =

freguency :
_((:39; = 025
- Fo _ 1000
L@ @]t it @]

= o-0toel m
(J) Steady state omplitude ot thrice the resonant freguency:

w3
o
1000

X = i
o [ (1-9) + 1))

= 0+00125 m
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AW: 8% x%
3.3 =

S 4
T 3 (60 000) (0,04)3’ } f3 (0:04) = 0-0000202

9.5 = Tp (COOOO) (o.os)r /S (O-OG)Y = 0'0000504'
Ta-king !oaa..ri{:hms.

bep + VY e (0:04) = I (o-oooo 202)
!m,B + 7 lm(o-oc) = fm(o.oooo 504-)
bnp - 3.248876 )= -10-909228

fap — 22813400 V= - 9.895511
subtracting (e)) #rom (EL),

- TTTT (Ei)
----(&2)
0:4054¢5 1 = 0.914309

T= 2.2549¢4
From (€y), Imp= -10-909728 + 3219976 (2:254964) = -3.55137¢

B = 0023685

Harmonic force F (t) =20 cos 3t N

. n
Displacement x (t) = 0.01 cos (3 nt - —] m

3
Solution:

Workdone=W=J. Fdx=J. F x dt

If F (t) = F, cos w t and x (t) = X cos ® t — ¢), work done in one cycle

21l
=W=—I Fycoswt. w Xsin (0 t —¢) dt
0

2n . =
__FRoXcsof 1 o0, FoeXsinof, 1 oot

2 2m 0 2 2m 0
=F,n X sin ¢

2
Given: F,=20N, w=3mnrad/sec, T= 3 sec, ¢ = g, X=001lm

W = F,m X sin ¢ = (20) = (0.01) sin 3 = 0.5441 ()

1
(1) In one second, it will complete 1 5 cycles

W), gee = 1.5 W = 0.8162 (J)
(1) In four seconds, it will complete 6 cycles

Wl oee =6 W = 3.2646 (J)

@ Damping force = F= c(i)"

Energy dissipated per guarter eycle  during harmonic motion x(t)= X sinwt
%E= j‘ cG) ax = y ¢ (wX oos(at)" dx
(-]

But dx= % dt = WX wSfot.dE
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T
AW = 4c¢ Unfi Xm-i S /mwg““(,,t.alt
0
20
™
- ntd N+l § 4 n . /1.(.9
= 4C @ X {(mno " wt - sin oot L n+1 fcd tot. &}

Tr/
- n+ ﬂ+1 20 n-
= 4c O (50) f 1 ot .dt

Ezuais'ng this expression b T c%w x? , we obtain

4c " x™* Y (Ve
ceﬂ = T h*i S' cos wt - dt - C(ﬂ" xn-t

where = 2 (3 fn/m it dt ---- (8)

For example , for n=2, (E,) becomes

23 [Moroa o (@me)™ 5

A’

3™ o 3T
and hence c,. = %cwX
¢ 3T

which can be seen to be same as the expression found in Example 3.7.
For few other values of n, of, can be found as follows:

Mg 23 ___ 4 _____
% Y & i 3 32
e T M A9 e
The amplitude can be found as
X = LFO = FO 1
/@c-mw ) + Cezw \/1‘7'(1.- T")z+ C:& o*
R

JR"( 1-—r")‘ + CL wz(n-ﬂ.) xl(n-i) a("

Energy ab,u.faiid por eycle for viscous damping = Tc ex?

Energy dissipated per cyele for Coulomb damping = 4puNX

Ezu.ivalen'}: viscous Ja.mfn'nj constant ( C'e&) is given by
T cezcoxz = TcwX? + 4uNX

cq= (¢ + £3)
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Al"ﬂpli{‘ude X s given Ly
F 5
= = —
X fmay s G - e+ 5O

Subsflfufmg for C‘U' spuaring and rearranging
Nc¢ W 16 p*n* 2
X{k(i-fz)+cas}+X(an.c ) (:z -F.)zo

(a,) Eguation of motion mx +,uN+C(£)3+ k% = F, cos wt
Thus the system has combined Coulomb and velocd'y.- cubed
a..rnrmg 4 N
For Coulomb da.mpfng , Cegy = ‘rt'}‘w < (&)
For velocit -cu.beJ o(a..mpm , The e&u.va.len‘t viscous o(a.mplnj
coefficient can be obta.meal from the Solution of problem 3.¢98:

Ce_&,_ = ¢ (..9 x 2 - (Ez)

where %6.9 ’
‘\/3: %(%) { Cosz wt dt = ZEEE (E;>
Cepa = F ¢ o X . (o

(b) Steady stote amplitude under harmenie force :

Fo Fo
X = ! = : —
- 2 [\ 2.2 2
e e e B T
(C) Amph’{'ude ratio : E¢

Sse (F/«) Jo *)* )

71 (57)

\/( z)_*_ Tr)(gf%'cfgxz}
(

At resonance , r=1 and 6g. (E7) reduces to
i

X -
- - 44N 3 3 2.}
85t | resonance {wxa v i WX
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Model the pipe as a single degree of freedom system with m.; = equivalent mass at end

= % m (m = mass of pipe; see Problem 2.46) and keq = 32 L Slope of pipe at

end:

f

_F& _F& [3]_3x
2EI 3EI |[2¢ 2¢
where x = end deflection of the cantilever pipe under a transverse load F. Force induced

due to fluid velocity v is p A v2. Force acting on the single degree of freedom system (in
vertical direction):

F=pszsin0’~"pAv20=pAv2:—;
Equation of motion: me X +keq x =F
33 .. |3EI 3pAV
= - =0
°F w0 Xt TR 3¢
Instability occurs when 3:?31 _3 p;:vz <0 or v>v pzf;

188



www.FluidMechanics.ir

Speed range 80 ~ 120 kph
2 mm io.z m

5 mm io.z m
8 mm io.z m
Solution:
Assume R, greater than 1000, Strouhal number (St) for shedding is taken as:
fi
St = Vd = 0.21 where f = frequency of vortex shedding, d = diameter of cylinder and
V = velocity of fluid (air).
At 80 kph,
3
v = 80x10° _ 59 99 mis
3600
f= 021V _ 4667 Hz (d in meters)
d d
For the three sections of the antenna, the vortex frequencies are:
4.667
f, = —— =583.4 Hz
0.008
4,
g, = 2567 _ 9334 Hy
0.005
4.667
£, = 2587 _ 9 3335 He
0.002
at 120 kph,
3
v = 120X 107 _ 35 33 g
3600
021V 7 .
f= 3 = 1 Hz (d in meters)

for the three sections of the antenna, the vortex frequencies are:

7

f = —— =875 Hz
0.008
7
f,= —— = 1400 Hz
0.005
7
f,= —— = 3500 Hz
0.002

natural frequency is much smaller, so no instability occurs.
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@ (2) Equivalent mass of single d.o.f. system = meqq = M + % m where m = mass of
cylindrical part of the sign post:

T

m = @ =) hp= T 025" -02) 00) (T57

9.81
.. Meq =200 4 % (1378.0527) = 524.8267 kg

) = 1378.0527 kg

I= % (D* - d%) = % (0.25¢ — 0.2%) = 113.208 (10~?) m*

Equivalent stiffness of the system:
_3ETI _ 3(207(10°)) (113.208 (10~°))

Keq 3 e = 70,302.168 N/m
Natural frequency of transverse vibration of sign post:
1 1
w = ke |7 _ | 70302168 |2 _ 11.5738 rad /sec = 1.8420 Hz
Meq 524.8267

(b) Wind velocity corresponding to maximum vibration of sign post (V) is given by:

fiD fi D
St=021 =2~ o v=_ _ (1:8420)(0.25)
0.21 0.21
() Maximum force acting on the system due to wind velocity:

=2.1920 m/s

F(t) = Fo sin wt = _;- cpVPAsinwt= % (1) (1.2215) (2.19299%) (8.0) sin wt N
=23.4958 sin wt N

where ¢ = 1 for a cylinder, p = density of air = 1.2215 kg/m®, A = projected
area of cylindrical part = (0.8)(10) = 8.0 m?, and w = frequency of wind force.
Equation of motion:

Meq X + Ceq X + keq X = FY(t)

and the maximum steady state displacement of the sign post occurs when w = wjy
and is given by Eq. (3.34):

x __Fo _ 23.4958
T 2¢ keq(2)¢ 2(0.1)(70302.168)

= 0.001671 m
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(@) Epuation of motion mx+cx +kx = fp x
or

mx + cx +(g..F,>z=o (E|)
Assuming the Solution =)= ¢ e-‘* (e2)
Where C is a constant, Eg. (E)) gives the auxiliary eguation
2 -
e ss+ (22 -0 (€3)
Roots of (E3) are

Bz -5+ J(S) - (*= Fo) (£

m
First consider the case of positive stiffness (& >Fo). For this
case, following possibilities exist.

c \? - Fo\ .
1. If (2_"; > ( " °> .
Both 4 and 5, will be real and negative and hence
x(&)= ¢ et + ¢, e
will be stable. :
€ _\? k- Fo\ .
2. l}' (z_m' = ( °>.

D)

™
Both 3 and £ will be identical , real and nega.'h've.
Solut: ¢
on x(t) = (c, + C, t) e ()

will be stable since 5t _» 0 as t— oo -

¥ GG < (B!
Here S and s, will be comr'ex conjuja.{:es and Solution
will be

x(t)= ¢ ()¢ s.‘n(l{*(f—m>z+ ("‘MF")]:'& + )6) (e5)

This repre_sgnb: a convérg:‘n_, os‘c-‘l.la.tory motion and hence
1the system will be stable.

Next consider the case of negative st:f,cné:: (1: < F,). Here
= - =S £\ Fo— %\ E
4!)1 - m i \/(1'"\ -+ ( - ( 8)
Thus A will be Posiéu‘ve and %, will be nega.f:u‘re, and

the solution becomes

4t — 4]t _
x(t)= C, e+,_ -+ C, e l4] (e5)

This solution can be seen to diverge as t—=oo.

1)) Eguation of motion mxz +cx + kx = F x
or x + (___c:nﬁ) x + L:T x =©0 Ew)
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A.\‘J‘u.ming x(¢) = C GSt e a.@xilc'ﬂﬂ’j e&ua.'h'on becomes

sty (C—Fo>s+ _'1_:‘_ =0 ' (E,,)
and ‘Faence- c_ Fo -Fo (Eu)
'8')2

First consider the case of PaSctwe da.mpm7 (¢ > Fo) in (Eiw).
For this case, it can be seen that the system will be stable for

all possible values of { c- o }

Next , consider The case of negmf:-ve damping (c < FO)_
Depending on the sign of the guantity under the radical in
Eg- (Ein), we will have three types of solution.

L. (‘-1;5‘)2 > £ . here both 5, and 52 are real and
t t
positive and hence x(t) = C, e+ c, e @n)

This denotes o alu'versl'ng nonoSCc;“n.forj motion ; .So
the system /s unstable.

2. (C— Fo >l. = X . Here S and 53 are identical and are

2m ™ s, t
real and positive . Hence x(t) = (C‘ + C, f)e' (514,)
This represents a diverging nanosc.l(a.f:orj solution ;
so the sg:f;em will be unstalble.

3. (ﬂ < *; + Here s, and s5; are comrlex conjugates

am

and hence . .
F - o -0 2
4,2 = ozmc) x4 \/’% - Cz: ) (E'S')

The solution Lecomes
Fg-c

t T I
x()= ¥ e ™ sin (\/L‘("F") 4.-+¢) )
Since the exponent is positive, Ep.(E;) denotes o
dnver3|n3 oscillatory motion and hence the system is
Unstable.
Thus the condition for dynamic stability of the system
can be stated as
Fo c (En)

A
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(c) Esuation of wmotion mx +cx + % x = F x )
or m-F) x + cx + «x =0 Ew)
With the solution x(t)= C est (Ew)

the a,uxi[l'a.rj eau.a.i:':'on will be

“+(Gm) o () = (€29

The roots are

c c 2 N
oz =T m tﬁz(m—ﬁ,)} - T"f:?o> (Eu)

First consider the case of positive mass (v > F,)in (E,a>.
In this case, the system will be stable for all values of

| wwl -]

Next consider the case of nega;'l:u’ve mass (‘rn < Fo) 'n

(Ew)- For ‘Hn‘s Ca-se s, and 525 can be e,xPres'seJ -3

Si,2 = 'ﬁ(;— = i/{z(;::_.m)}z*( 1 > (€22)

Ea""‘

This shows that s will be positive and s, will be
negative ; thus the solution will be divergent.

% Ex3_75.m

k = 4000;

m= 10;

w = 10;

FO = 200;

wn = sqgrt(k/m);
x0 = 0.1;
x0_dot = 10;
£_0 = FO/m;

for i = 1: 501
t(i) = 3 * (i-1)/500;
x(i) = x0_dot*sin(wn*t(i))/wn + (x0 - £_0/(wn*2-w"2))*cos(wn*t(i))...
+ £_0/(wn~2-w*2)*cos(w*t(i));
end
plot(t,x);
xlabel(’'t’);
ylabel(’x(t)’);
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0.6 T T — T

0.2¢

x(t)

0.2

-0.6

‘0.8 1 ] 1 1
0 0.5 1 1.5 2

25

% Ex3_76.m

% be in the same folder

tspan = [0: 0.01: 10];

x0 = [0.1; 10]; .
[t,x] = ode23(’'dfunc3_76’, tspan, x0);
disp(’ t x(t) xd(t)’);
disp({t x]);

plot(t,x(:,1));

xlabel(’t’);

gtext('x(t)’);

% dfunc3_76.m

-function £ = dfunc3_76(t,x)

FO = 200;

w = 10;

u=0.3;

m = 10;

k = 4000;

f = zeros(2,1);

£(1) = x(2);

£(2) = (FO/m)*sin(w*t) - 9.8l*u*sign(x(2)) - (k/m)*x(1);

194
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0-6 1 T I I 1 1 L L T

Al

-0.2

)
——
-—
B ——m—

-

08 L 1 [ ) ) 1
0 -

-

$ Ex3_77.m
<::::> % This program will use the function dfunc3_77.m, they should
% be in the same folder
tspan = [0: 0.02: 2];

x0 = [1; 0];
[t,x] = ode23(’'dfunc3_77', tspan, x0);
disp(’ t x(t) xd(t)’):;

disp([t x]);
plot(t,x(:,1));
xlabel(’t’);
gtext('x(t)’);

$ dfunc3_77.m
function £ = dfunc3_77(t,x)

m = 100;

k = 40000;
zeta = 0.25;
Y = 0.05;

w = 10;

c = 2 * zeta * sgrt(k*m);

£ zeros(2,1);

£(1) = x(2);

£(2) = k*Y*sin(w*t)/m + c*w*¥Y*cos(w*t)/m - c*x(2)/m - (k/m)*x(1);
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0.4 ) ] L L ! L ! 1 1
o 02 0.4 0.6 08 - 1 12 14 1.6 1.8 2

>> Ex3_77
t x(t) xd(t)
0 1.0000 0
.0200 0.9272 -6.9328
.0400 0.7381 -11.5448
.0600 0.4823 -13.6094
.0800 0.2096 -13.3072
.1000 -0.0372 -11.1218
.1200 -0.2270 -7.7195

COO0OO0O0O

1.8000 -0.0523 0.3904
1.8200 -0.0434 0.4869
1.8400 -0.0329 0.56317
1.8600 -0.0210 0.6179
1.8800 -0.0083 0.6473
1.9000 0.0047 0.6510
1.9200 0.0176 0.6286
1.9400 0.0297 0.5811
1.39600 0.0406 0.5103
1.9800 0.0493 0.4194
2.0000 0.0572 0.3120
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%======——___-——-.—___—-===================================================
%-

% Ex3_78.m (Program3.m)

% Main program which calls HARESP

%

% _______________________

Run "Ex3_78.m" in MATLAB command window. Ex3_78.m and haresp.m should

%

% be in the same folder,and set the path to this folder
% following seven lines contain problem-dependent data
xm=10.0;

zeta=0.1;

xc=2*zeta*sqrt (xk*xm) ;

£0=100.0;

om=20.0;

n=20;

iec=1;

% end of problem—dependent data

[t,x,xd, xdd, xamp, xphil=haresp (xm, xc,xk, £0,0om,ic,n);
% following lines output the results

fprintf (’'Steady state response of an undamped\n’);

fprintf (’Single degree of freedom system under harmonic force\n\n’);

fprintf ('Given data\n’);

fprintf(‘xm = $10.8e\n’,xm);
fprintf(’xc = $10.8e\n’,xc) ;
fprintf(‘xk = %10.8e\n’,xk);
fprintf(’£0 = %10.8e\n’, £f0);
fprintf(‘om %$10.8e\n’,om);

fprintf(’ic = %1.0f\n’,ic);
fprintf(‘n = %2.0f\n\n\n’,n);
fprintf ('Response: \n\n');
fprintf (-’ i x({i)
fprintf(’\n\n’);
for i=1:n

fprintf(’ %2.0f %10.8e

xd(i),xdd(i));

end
subplot (311);
plot(t,x);

ylabel(‘x(t)’);
gtext ('x(t)’);
subplot (312) ;
plot(t,xd);
ylabel (*xd(t) ') ;
gtext (‘xd(t)’'):
subplot (313);
plot (t,xdd);
ylabel (*xdd(t)’);
gtext (‘xdd(t)’);
xlabel(’t’);
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function [t,x,xd,xdd,xamp,xphil=haresp (xm,xc,xk,£0,om,ic,n);
omn=sgrt (xk/xm) ;
xai=xc/(2.0*xm*omn) ;
dst=£0/xk;
r=om/omm;
xamp=dst/sqrt((1.0-r*2)*2+(2.0*xai*r)"2);
xphi=atan(2.0*xai*r/(1.0-r*2));
delt=2.0%*3.1416/ (om*n);
time=0.0;
if ic~=0
for i=1l:n
time=time+delt;
t(i) = time;
x (i) =xamp*cos (om*time-xphi) ;
xd (i) =-xamp*om*sin (om*time-xphi) ;
xdd (i) =-xamp*om*2*cos (om*time-xphi) ;
end ’
else
for i=1l:n
time=time+delt;
t(i) = time;
x(i)=xamp*sin{om*time-xphi) ;
xd (i)=xamp*om*cos (om*time-xphi) ;
xdd(i)=-xamp*om~2*sin(om*time-xphi) ;
end
end
>> Ex3_78
Steady state response of an undamped
Single degree of freedom system under harmonic force

Given data

xm = 1.00000000e+001

xc = 2.00000000e+001

xk = 1.00000000e+003

£f0 = 1.00000000e+002

om = 2.00000000e+001

ic =1

n = 20

Response:
i x (i) xd (i) xdd (i)
1 2.97987095e-002 -2.85475021e-001 -1.19194838e+001
2 2.39294085e-002 -4.55669383e-001 -9.57176339e+000
3 1.57177193e-002 -5.81259445e-001 -6.28708774e+000
4 5.96746320e-003 -6.49951518e-001 -2.38698528e+000
5 -4.36693253e-003 -6.55021513e-001 1.74677301e+000
6

-1.42738605e-002 -5.95973141e-001 5.70954420e+000
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7 -2.27835571e-002 -4.78586496e-001 9.11342282e+000
8 -2.90630300e-002 ~-3.14352252e-001 1.16252120e+001
9 -3.24975978e-002 -1.19346877e-001 1.29990391e+001
10 -3.27510596e-002 8.73410566e-002 1.31004238e+001
11 -2.97986046e-002 2.85479399e-001 1.19194419e+001
12 ~2.39292411e-002 4.55672899e-001 9.57169644e+000
13 -1.57175058e-002 5.81261754e-001 6.28700233e+000
14 -5.96722446e-003 6.49952395e-001 2.38688978e+000
15 4.36717313e-003 6.55020872e-001 -1.74686925e+000
16 1.42740794e-002 5.95971044e-001 -5.70963176e+000
17 2.27837329e-002 4.78583148e-001 -9.11349314e+000
18 2.90631454e-002 3.14347982e-001 -1.16252582e+001
19 3.24976417e-002 1.19342102e-001 -1.29990567e+001
20 3.27510275e-002 -8.73458687e-002 -1.31004110e+001
0-04 ] L L 1 T ]
0.02} ]
x(1)
¥ O 1
oozL J
_o 04 1 1 1 1 1 1 )
o 0.05 0.1 0.15 0.2 0.25 0.3 0.35
1 T | — T T T T
0.5 xd(t) T
g ot ]
x
05} 1
_1 1 1 1l 1 1 1
0 0.05 0.1 0.15 02 0.25 0.3 0.35
20 — T T T T T
10} .
= ol xdd(t) J
X
10k J
.20 L 1 1 1 [] 1
) 0.05 0.1 0.15 0.2 0.25 0.3 0.35
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$Ex3_79.m

Y= 0:05;

zeta = 0.1;

wn = 8.164966;

w = 2.90889;

r = w/wn;

x =Y * sqrt( (1 +
disp(’ w
disp([w wn x]);

w = 14.54445;

r = w/wn;

x =Y * sgrt( (1 +
disp([w wn x]);

w = 29.08890;

r = w/wn;

x =Y * sqrt( (1 +
disp([w wn x]);

wn = 6.324555;

w = 2.90889;

r = w/wn;

x =Y * sqrt( (1 +
disp([w wn x]);

w = 14.54445;

r = w/wn;

x =Y * sgqrt{ (1 +
disp([w wn x]);

w = 29.08890;

r = w/wn;

x =Y * sgrt( (1 +

disp({w wn x]);

>> Ex3_79

3.90889000000000
14.54445000000000
29.08890000000000

2.90889000000000
14.54445000000000
29.08890000000000

(2

(2

(2

(2

(2

(2

zeta * r)*2)/((1

zeta * r)”2)/((1

zeta * r)"2)/((1

zeta * r)*2)/((1

zeta * r)*2)/((1

zeta * r)*2)/((1

.16496600000000
.16496600000000
.16496600000000
.32455500000000
.32455500000000
.32455500000000

0O O O O O OoON

r*2)*2 + (2 *
X');

zeta

r*2)"2 +

r*2)°2 + zeta

r*2)72 + zeta

r~2)*2 + zeté

r*2)72 + (2 * zeta

.05722376420338
.02410324256879
.00524102723160
.06325355032007
.01275990975243
.00336736169683

zeta

r)"2)

r)~2)

r)"2)

r)"2)

r)"2)

r)*2)

);

Y
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Results of Ex3_80
Ahkhhhhkhkkkhkhkkhhkhkkhkkiex

Please input n and ic:
20 0

Please input xm, xc, xk, £0, om:
6 210 14000 450 10

STEADY STATE RESPONSE OF AN UNDERDAMPED
SINGLE DEGREE OF FREEDOM SYSTEM UNDER HARMONIC FORCE

GIVEN DATA:

M = 6

XC = 210

FO = 450

OM = 10

IC =0

N = 20

RESONSE:
I X(I1) XD(I) XDD(I)
0 0.00524340 0.32760185 -0.52434011
1 0.01511025 0.29536476 -1.51102462
2 0.02345799 0.23421518 -2.34979883
3 0.02958557 0.15013888 ~2.95855729
4 0.03277710 0.05136587 -3.27771021
5 0.03276017 -0.05243521 -3.27601652
6 0.02953642 -0.15110355 -2.95364203
7 0.02342143 -0.23498074 -2.34214313
8 0.01501378 -0.29585628 -1.50137789
9 0.00513647 -0.32777121 -0.51364663
10 -0.00524364 -0.32760146 0.52436417
11 -0.01511046 -0.29536365 1.51104632
12 -0.02349816 -0.23421345 2.34981604
13 -0.02958568 -0.15013670 2.95856832
14 -0.03277714 -0.05136346 3.27771398
15 -0.03276013 0.05243762 3.27601267
16 -0.02953631 0.15110572 2.95363093
17 -0.02342126 0.23498246 2.34212587
18 -0.01501356 0.29585738 1.50135615
19 -0.00513623 0.32777159 0.51362255
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Results of Ex3_81

Fhkdkkhkkhkkhkrkkhkkkkdthh

Please input n and ic:
201

Please input xm, xc, xk, £0, om:
10 45 2500 180 20

STEADY STATE RESPONSE OF AN UNDERDAMPED

SINGLE DEGREE OF FREEDOM SYSTEM UNDER HARMONIC FORCE

GIVEN DATA

o =10

XC = 45

FO = 180

oM = 20

Ic=1

N = 20

RESONSE:
I X(I)
0 0.06755697 -1.
1 0.04026567 -1
2 0.00903287 -2
3 -0.02308414 -2
4 -0.05294150 -1
5 -0.07761655 -1.
6 -0.09469392 -0
7 -0.10250195 -0
8 -0.10027632 0
9 -0.08823491 1
10 -0.06755640 1
11 -0.04026497 1
12 -0.00903211 2
13 0.02308488 2
14 0.05294215 1l
15 0.07761705 1
16 0.09469422 0
17 0.10250201 0
18 0.10027615 -0
19 0.08823452 -1

XD(T)

55232612

.89387550
.05003830
.00552814
.76470199

35113372

.80530645
.18064981
.46169017
.05883649
.55233604
.89388142
.05003963
.00552474
.76469421
.35112232
.80529254
.18063475
.46170490
.05884946

XDD(I)

-27.02278847
-16.10626822
-3.61314690
9.23365606
21.17660023
31.04662161
37.87756926
41.00077932
40.11052882
35.29396208
27.02256039
16.10598995
3.61284569
-9.23395073
-21.17685951
-31.04682013
-37.87768758
-41.00080586
-40.11046098
-35.29380650

202



www.FluidMechanics.ir

The main program which calls HARESP and the output are given
below. :

MAIN PROGRAM WHICH CALLS HAKLSP

FOLLOWING 2 LINES CONTAIN PROBLEM=DEPENDENT DATA
“"DIRENSION X(207,X0(20),X0D(20) '
~_DATA XM,XC,XK,FO0,0M,N,IC/6.0,210.0,14000,0,450,0,10,0,20,0/
C END OF PROBLEM=DEPENDENT DATA
~——TALL HARESP (XM,XZ,XK,F0,0M,1C,N,X,XD,XDD,XANP,XPHI)
WRITE (21,100)

Yy EIN

100 FORMAT (//,40H STEADY STATE RESPINSE OF AN UNDERDAMPED,/,
Z 530 SINGLE DEGREE OF FREEDOM SYSTEM UNDER HARWONIT FORCE)
WRITE (21,200) XM,XC,Xxk,F0,0M,IC,N

200

FORMAT (//plZH GIVEN VATA:,/,5H XM 3'515067/’53 XC 30515.8'/,
2 5H XK =,£15.8,7,5H FO =,£15.8,/,54 OM =,E15.8,7,50 [Z =,12,7,
JSH N =,I2)
WRITE (21,300)
300 FORMAT (77,10H RESPONSE:,//,5H 1
2 11X,7H X0oD(I),/)
0D 400 I=1,N
400 ARITE (21,500) I,XCI1),XD(1l),a0uL(L) T
500 FORMAT (I14,2X,E15.8,2X,E15.%,24,E15,.8)
SIOP
END

»3X,SH X(IY,12X,6H XD(1IY,

STEADY STATE RESPONSE OF AN UNDERDAMPED -
SINGLE DEGREE OF FREEDUOM SYSTEM UNDER HARMONIC FORCE

GIVEN DATA:

XM = 0,60000000E+01

XC = 0,21000000E+03

XK = 0,14000000E+05

“FO = 0,45000000€+0)

OM = 0,10000000E+02

IC =0

N =20

RESPONSE:
1 X(i) AD(L) ADD(1)
1 Ve52439015E=32  0.32700168L400 =0.952433015F+00
2 0.15110249&£=01 0.29536480£+00 <«0,15110248E+01
3 Ve234137949% =yl 0.23321521L400 <0,23497992E+01
4 0.29583570E=01 Uel5013H90E+00 =y,2958357okL+U1]
5 0,3.777105L=0¢ U.513065890E=01 <=0,32777107£401
6 0.3276VU109E=01 =D.52435201k=01 =0.3276017vE+ul
7 0.29536423E-U1 <~0.15110357E40u <0,29530424r401
& 0e23321437E=01 =0.23398075%+400 =0,.2342143HE401
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S J.15013780E=01 =0.29585033E+00 <=0.13013779E+vl
10 0,51364703E=02 =U,32777125E+00 <=0,51364702E+00
11 =0,52436423E-02 =0,32760152E+00 0.52436423£+00
12 =0.15110461E=01 =0,29536372E+00 0.15113462E+01
13 =0.234938155E=91 =0,23421355E+00 0.23498156E+V!
14 =0,29585691k=01 =0,15013062E+00 0.29585693E+01
15 =v.32777140E=01 =0.51363401E=vl 0.32777145€E+01
16 =0,3276013¢E=v1 V.52437052E~01 Ve32760131L+01
17 =u,.29536312E=-01 0.15110572E+00 0.29536314E+01
18 =0.23421.54E-01 0.23498255E+00 Ve23421254E+01
19 =0,15013553E-01 0.29585743E+v0 0.15013559E+01
20 =0,51362254E=42 0,32777163E+90 0.51362258E+00

Eg. (3-35) gives the complete solution

x(t)= X, €
Differentiation

x(t)= - YO, X, €

Tk’nt

gives
ront

- WX sin (c.st-ﬂ)‘
x(t) = x, e"”“t (r"c.s,’: -w;) cos @t + %)

+276,W) X, T g (Wt+g) - o X cos(est -#)
Let (@)= X4 amd ":'t(o)= x

Xo= Xo BBy + X B8

cos (Wt +£) + X cos(@t-g)

cos (@t +P0) = & X, e

be known. Then

Ko = =T W Xo B A = WYX, sin #y + IX Sing
Eps: (€-4) and (€:5) 9give

Xo= [(Ko w1 )1+ (%, sin gy 1%

)

TO,t
sin (""J t+ ¢¢>

(e-2)

(e-3)

(.4)
E-5)

Sy

Now the wmpu.fer program TOTALR can be written -

W) (%= X cBg)

v : }A
= [(z° -XO"#)Z + {— XQ"Twn'x°+ \fwnx Cﬁs¢+ WX Sin #}ZJ

$ = taw {".‘o‘ TG Xg + TWy X o P + WX Aim &

== (E«6)
---(eD

In addition

to the axgumen'b‘ used in section 3-12, the follow:noj arguments-

are also used:
X0 =

value of x(t) at t=o0.

Input

XDo = val.ueof i—’;(t) at t=o0. Inpuf-
The program and the output are given below.
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SOLUTION OF PRUBLEM 3.83

MALN PROGRAM WHICH CALLS TUuTALR

HARMONIC FORCE IS ASSUMED TO BE F(T)=FO*CUS(OM*T)
DATA OF PRUBLEM 3.33 IS USED IN MAIN PROGRAM

FOLLUWING 3 LINES COWTAIN PROBLEM-DEPENDENT DATA
DIMENSION X(20),XD(20),XDD(20)
DATA XM, XC,XK,FO0,0M,N/10,0,45.0,2500,0,180.0,23.9912,20/
DATA X0,XD0/0,015,5,0/
C END OF PRUBLEM-DEPENDENT DATA
CALL TUTALR (XM,XC,XK,FO0,0M,N,X,XD,XDD,XAHP,XPHI,X0,4D0)
WRITE (21,100)

nnnnonnnnnc

100 FORMAT (//,33H TOTAL RESPUNSE OF AN UNDERDAMPED,/,
2 53H SINGLE DEGREE OF FREEDOM SYSTEM UNDER HARMONIC FORCE)
ARITE (21,200) XM,XC,XK,F0,0M,N

200

FORMAT (/7,121 GIVEN DATA:,/,5H XM =,E15.8,/,5H XC =,E15.8,/,
2 S5H XK =,E15.8,/,5H FO =,£15.8,/,5H OM =,E15.8,/,
3 SH N =,12)
WR1TE (21,250) X0,ADO
250 FORMAT (/,20H INIT1AL CONDITIONS:,/,6H X0 =,E15.8,/,
¢ oH XLO =,E15.8) :
ARITE (21,300)
300 FURMAT (//,10H RESPONSE:,//,5H I ,3X,5H X(I1),12X,0H X0(1),
2 11X,7H XpD(1),/)
DL 400 1=i,N
400 WRITE (21,500) I,X(I),XD(I),XDD(I)
S00 FORMAT (I4,2X,E15.8,2X,E15.8,2X,E15.8)

sTOP
END
C =ssz=s=z=3ssss=z=szz23=z3=z=z=sss3=sss==z=zzz=z=s==z3szz===Ss===sZITs3==ss=z=z
C
C SUBROUTINE TOTALR
C

SUBRUUTINE TOTALR (XM,XC,XK,FO0,0M,N,X,XD,XDD,XAMP,XPHI, X0,XD0)
DIMENSION X(N),XD(N),XDD(N)

OMN=SQRT(XK/XM)

RAI=XC/(2.0FXM*OMN)

OMD=UMN*SQRT(1.0=-XAI1%#%2)

USI=FO0/XK

R=0M/0MN

XAMP=DST/SQRT((1.U=R¥*2)¢+$2+(2,0¢XA1¥R)*%2)
XPHI=ATAN(2,0#XAL*R/(1.0-R¥%2))

VELT=2,0%3,14167 (OMD*REAL(N))

XCOS=X0=XAMP*COS(XPHI)
ASINS(=XDO=XA1#OMN+XO+XAIFOMN*XAMP*COS(XPHIL) +OM*XAMP*SIN
¢ (XPHI))/UMD

XZ=SJRT(XCOS*¥2+XS1IN¥*2)

PZ=ATAN(XSIN/XCOS)

T1ME=0,0 '

00 10 1=1,N

[IIME=TIME+DELT
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EX1SEXP(=XAI¥UMN*TIME)
EC1=CUS(OMD#TIME+PZ)
EC2=COS(OM*TIME-XPHI)
ES1=SIN(OMD*T1IME+P2Z)
ES2=SIN(UMFTIME=XPHL)
ACL)SXZ*EX1*EC1 +XAMP*EC2

10

2 EXI*ES1=(0OM**2)*XAMP*EC2

RETURN
END

TOTAL RESPOWSE OF AN UNDERDAMPED
SINGLE DEGREE OF FREEDOM SYSTEM uNDER HARMONIC FORCE

GLVEN DAlA:

XM = 0,10000000L+02
XC = 0,45000000E+02
XK = 0,25000000E+04
FO = 0,18000000£+¢03
OM = 0,21991199E+02
N =20
INLITIAL CUNDITIOUNS:
X0 = 0,15000000£=-01
XD0 = 0,50000000E+V1
RESPONSE:
1 X(1)
1 =0,10720424E=01
2 =0.131264bL1E+400
3 =0,23313771E+00
4 =-0.,30557248E+00
S =0,31123138E+00
6 =0,33717862E+00
7 =0,29529962E+00
8 =0,22207454E+00
9 <«0,12771350E+400

10 =0,24761723E=01
11 0.73627755E-01
12 0.15549700E+00
13 0,21168864E+00
14  0,23700854E+00
15  0.23077171E+00
16 0,19665717E400
17  0.14191100E400
18 0.760434S7E=01
19 0.92454441E-02

_ 20 -0.49206H819E-01

XD(1)

-0,62618327E+01
=0,56405468E+01
-0,44189043E+01
=0.273062981E401
«0,79179698E+00

0.11797444E+01

0.29382858E+01
0.42714534E+01
0.50244703E+01
0.51222720E+401
0.45800018E+01
0.3499928SE+01
0.20550721E+01
0.46208435E+00
=0.10522565E+01
=0.22854314E+01
~0.30888264E+01
=0,33878446E+01
-0.31893401E+01

AD(L)==XAI¥OMN#XZ¥EX1*EC1=UND¥XZ*EXI1*ES]1~0M*XAMP*ES2
XOD(I)=XZ#EX1*ECI*((XAL¥OMN)*%2-0MD*32) +2,0%¥XAL*0MN*¥OMD2X2*

XoD(1)

0.14583885E+02
0,46769913E+02
0.73777733E+02
0.923193657E+02
0.99568497E+02
0.94842743E+02
0,78578743E+02
0.52945923E+02
0.21447788E+02
=0,11575108E+402
=-0.,41590317E402
=0.64561966E+02
=0,77567314E+02..
“0,79236084E+02
=0,69936806E+02
~0,51678036E+02
=0.27741650E+402
-0.,21128597E+401
0.21192802E+02

-0,257544893E401 0,38788284E+02
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The main program and output are given.

MALN PRUGKAH WHICH CALLS HARESP

FILLOWING 2 LINES CONTAIN PROBLEM=DEPENDENT OATA
VIMENSION X(20),XD(20),XxDD(20)
OATA XM, xC,XK,F0,0M4,5,1C/10,0,45,0,2500,0,180.,0,20,0,20,1/
C_END JOF PROBLEM=DEPENDENT DATA o
CALL HARESP (XM, XC,XK,F0,0M,IC,N,X,XD,XDD,XAMP,XPHI)
WRITE (21,100) _

100 FORMAT (//,40H STEADY STATE RESPONSE OF AN UNDERDAMPED,/,
"2 53H SINGLE DEGREE UF FREEDUM SYSTEM UNDER HARMONIC FJRCE)
~R1TE (21,200) XM,XC,XK,FO,0OM,IC,N
200 FORMAT (//,12H GIVEN DATA:,/,SH X% =,E15.8,/,5H XC =,£15.8,/,
) ’ -_ZTR XK ='815.8'/'5H Fo ='E15.8'/’5H UM =,E15080/ISH I: =012'/'
354 N =,I2)
WRITE (21,300) ‘ L _ .
300 tORMAT (//,10H RESPONSE:,//,5H 1 ,3X,5H X(I),12X,6H XD(I),
2 11X,74 x00(1),7)
D0 400 I=1,N

Y n

~400 TWRITE (21,500) I,X(I),XDCI),XDOC(I)
500 FORMAT (I4,2X,E15.8,2X,E15.8,2X,E15.8)
srop -
e B T e e e

STEADY STATE RESPONSE OF AN UNDERDAMPED
SINGLE DEGREE UF FREEDOM SYSTEW UNDER HARMONIC FORCE

GIVEN DATAT . T -
XM 0.,10000000E+02

XC 0.45000000E+02

XK = 0,25000000E+0% R
FO 0.18000000E+03

oM 0.20000000E+02

IT = {77~ -

N =20

RESPONSE:

R YR oy —XDD(1)

1 0.67556962E~01 <=0,15523261E+01 <=0,27022785E+02
Z  0.,40265664E~0I =0,I189387S5E+0U1 =0,16106266E+02
3 0,90328613E-02 <=0,20500383E+01 <~0.36131446E+01
4 =-0.,23084141E-01 <=0,20055280E+01 0.92336569E+01
5  =0.,5294T386E=-UI =0,.17647020E+01l 0,.21176596E+02
6 <«0,77616550E=01 =0,13511336E+01 0.31046618E+02
7 =0.94693922E-01 =~=0,80530620E+00 0.37877567E+02
T T =0,10250194E+00 =0,18064982E400 0.41000774E+02
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=0,10027631E+00 0.46169037E+00 0.40110523E+02
10 =-0,88234901E=01 0.10588365E+01 0.35293961E+02
11 =0,67556389E<01 0.15523360E+01 0.27022554E+02
12 =0.40264975E-01 0.18936812E+01 0.16105991E+02
13 =0.90321312E=02 0,20500395E+01 0.36128526E+01
14 0.23084890E-01 0.20055246E+01 <0,92339563L+01
15 0.52932146E=01 0.17646941E+01 =0,21176857E+02
16 0.77617034E=01 0.13511224E+01 =0,31046814E+02
17 0.94694205E-01 0,80529296E+00 =0,37877682L+02
18 0.10250200E400 0.18063448E+00 =~0,41000801E+0%
19 0.,10027614E400 <«0.461704B5E£+00 =0,40110458E+02
20 0.88234514E~-01 =-0,10588492E+01 =0.35293804E+02

NnNaoannNannaOn

Ezua.{'(on of wmotion is MX+Cxk4 Kx = Cy +%xy

when  y(t)= Y sin ct, x)(£) = X cos (w5t -~ $2)
Complete solution can be expres.sed as

x(t)= X, e-\rw“t cos (Wt+ @) + X ot (wt-g,- ¢2)
with y=y[_t+@T)? %
[ G- r2)? + @7r)* ] ’
- =L .
ST E
z(tso): X amd i(l-=o)=
X. Cd #o -+ X C"(#."’ #z)

(e-1)

fi= tan*
If ihe initial conditions are Known

‘Xo ) x°=

and %, = —TW, X, AP~ X, Sing - WX sin (-9 - #2)

Hence

Xo= [{x,- X co8(h+ 41)}24; {'

X, =TI, Xot+ YWy X s (B+8)+oX "."@-",a)lz]&
Wy )
g = ot [_ Xy = TWn X, + YWy X o5 (@, +8) + WOX Aim (#+8,)
° Wy {xo‘xc"(¢1+¢z)}
I$ necessary, the velocﬂ:y x(t) and acceleration z(t) can be

found fmm Ez.(E-i)- The Co-mpufer P'°3"°-"' and oul‘ru.‘l' arxe
given below.

SOLUTION OF PROBLEM 3.85
MALN PRUGRA4 wHICH CALLS BASEX

RESPUNSE JF A SINGLE D.CG.F. 3YSTEM SUBJECTED IO BASE EXCITATIUWR,
Y(T)=SY¥#SIN(OM*T)

208



www.FluidMechanics.ir

C FOLLUWING 3 LINES CUNTAIN PROUBLEM=DEPENDENT DATA
OIMENSION X(20),XD(20),X0D(20)
DATA XM,XC,XK,Y,UM,N/2,0,10.0,100.0,0,1,25.0,20/
DATA X0,XD0/0,.,01,5,0/

C END OF PRUBLEM=DEPENDENT DATA
CALL BASEX (XM,XC,XK,Y,OM,N,X,XD,XDD,X0,XD0)
PRINT 100

100 FORMAI (//,33H TOTAL RESPONSE OF AN UNDERDAMPED,/,

2 52H SIWGLE D.U.F. SYSTEM UNDER HARMON1C BASE EXCITATION)
PRINT 200, XM,XC,XK,Y,UM,N

200 FORMAT (//,12H GIVEN DATA:,/,5H XM =,E15.8,/,5H XC =,E15,8,/,
2 5H XK =,€15.8,/,54 Y =,E15.8,/,5H OM =,E15.8,/,5H N =,12)
PRINT 300,X0,XDO '

300 FURMAT (/,20R INITIAL CONDLT1ONS:,/,6H X0 =,E15.8,/,6H XDO =,
2 E15.8)

.PRINT 400

400 FORMAT (//,10H RESPONSE:,//,5H 1 ,3X,54 X(1),12X,6H XD({),
2 11X,7H xov(fL),7)
D0 500 1=1,N

S00 PRINT 600, 1,X(L1),XDCI),XDD(I)

600 FORMAT (I14,2X,E15.8,2X,E15.8,2X,E15,8)
STOP

SUBROVUTINE BASEX

annon

SUBROUTINE BASEX (XM, XC,XK,Y,0M,N,X,XD,XDD,X0,XD0)
DIMENSIUN X(N),XD(N),XDD(N)
OMU=SQRT(XK/XM)
XALI=XC/(2.,0%¥XM*OMN)
OMD=UMN¥SQRT(1.0-XALI%*%2)
R=0M/0MN
DELT=2,0%3.1416/ (OMD*REAL(N)) :
XAMP=Y{*SQRI(1.04(2,0%XAL*R)I¥#2/( (1, 0-R¥$2)¥%24 (2,0¥XAL*R)*%2))
PHI1=ATAN(2,0¢XA1*R/(1,0~R¥R))
PHLIZ=SATAN(1.0/(2.0*XAL*R))
XCC=XC
‘TIME=0,0
VO 10 I=1,N
T1ME=TIME+DELT
C=X0=-XAMP*CUS(PH11+PH12)
XS=(=XDO=XA1*OMN*XC+OM*XAMP*SIN(PHI1+PHI2))/0MD
XZ3SQRT{(XC¥*#2+XS5¥%2)
PZ=ATAN(XS/XC)
EXZEXP(=XAL*OMN*TIME)
CS=COS(OMDSTIME+PZ)
SI=SIN(QMD#I1HME+PZ)
CS5123CUS(OM*TIME=PHI1-PHI2)
S112=SIN(OM#TIME=-PHI1=-PHI2)
X(1)=SXZIEX#CS+XAMP*CS12
XD(1)==XA1#OMN*XZ*EX*CS=OMD¥XZ*EX*SI=0M*XAMP*S112

XUD(1)=XZ*EX*CS¥((XAL*OMN) ##2=01D*%2)+2, 05 XA1*OMN*OMD#XZ¢EX*S]
2 ~(OM*#2)sXAMPX*CS12

10
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XC=XCC
RETURN
END

TOTAL RESPUNSE OF AN UNDERUAMPED
SINGLE D.D.F. SYSTEM UNDER HARMUNIC BASE EXCITATION

GIVEN DAIA:

XM
XC
XK
Y
oM
N

0.20000000E+01
0.10000000L+02
0.10000000E+03
0.10000000E+00
0.25000000E+02
20

INLTIAL CONDITIONS:

X0
XDoO

= 0,99999998E~02
= 0.50000000E¢0!

RESPONSE:

—

)
QUODNOUNd WK ™

[ ol oo
N b

(1)

=0,50330855E-01
=0.30772516E+00
“V,434128B85£+00
=0,38465756E+00
=0,27407524E+00
«0.24066399E+00
“0.28432682E400
*0.27970907E+00
=0,14624044E+00
0.39102390E-01
0.12840362E+00
0.80883794E~-01
0.96553117E-02
0.38462169E~01
0,14735566E+00
0.19996722E+00
0.11764607E+00

=0.18114097E-01 "

*U,63696094E=01
0.10478826E~01

XD(I)

=0.57580528E401
=0.44899216E+01
=0.65008521E400
0.22720275E+01
0.18295681E+01
~0.41657627E+00
<0.90879965E400
0.14345939E+U1
0.38781688E+01
0.33305802E401
0.26650119E+00
-0.18088942E+01
-0.68976790E+00
0.18209940E+01
0.22107751E+01
=0.31552225E400
=0,28227291E+01
=0,23140993E+01
0.51316518E+00
0.21295214E+01

XDD(1)

=0,10305269E+02
0.62558521E+02
0.,85064461E+02
0.28117821E+02
=0.40405914E+02
=0.39765869E+02
0.23411983E+02
0.64174423E+02
0.26183165E+02
=0,47345394E+02
=0,67513680E+02
=0.10970811E+02
0.50778744E+02
0.40712753E+02
=0,27525837E+02
=0.66972618BE+02
=0,26468327E+02
0.45068512E+02
0.59701672E+02
0.43720150E+00
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Requirement:
(a) power output at least 700 W

(b) amplitude between 2 mm ~ 5 mm

Solution:

Unbalanced force in vertical direction = me ®? sin ® t E)
Unbalanced force in horizontal direction = 0

Let M = total mass of the shaker

Equation of motionis M X +c X +kx=me w?sinot (E)
Steady state solution of (E,) is

x (t) =X sin (ot — ¢) (E,
mer?
where X = 1 E
M [(1 r?)? + 2 L)% E
. 2(r
and ¢ =tan~ 1.2 (Ey
here 1= — =0 | = E
where r—wn—m k (Ep
Frequency range:
20 Hz to 30 Hz
i.e., 125.664 rad/sec to 188.496 rad/sec
125.664 rad/sec [<] w [<] 188.496 rad/sec (E.)
2 mm < X < 5 mm where X is given by (E).
Mean power output over a time period [r] is given by
1(° dx
== F(r) =2
P . J.o (1) m tdr (Ey
where 1= 2_n,
®
F (1) = me ®? sin o t, and
dx
It =wXcos (0t—09)
P>700 W (E,p
M
- > 50 (E;)
Procedure:

Find w, e, M, m, k and c so as to satisfy the requirements stated in (E,), (Ey), (E
and (E,,).

10
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W is 500 KN,

height 1s 20 m,
yleld strength 200 GPa,
ground acceleration a 0.5 g.

Solution:

_ 500 x 10°
m _— —
9.8
€ =20 m,
E = 200 GPa,

= 51020.4 kg,

_3EI _3x(200x10°) m
St 20° 64
o =27 (15) = 94.248 rad/s, 1 =0.15

k

(D* — d% = 3681554 (D* - d%) N/m

Ground acceleration ¥ (t) = 4.9 sin 94.248t (m/s?) E)

Equation of motion:

miz+cz+kz=-—m y =- 250000 sin 94.248t (E,)
where z = x — y = relative displacement
Let z (t) = z sin (94.248t — ¢) (E)
— 250000
with zZ = \/(k m 0)2) + c2 (1)2 (E4)
d | 0 E
an 0 = tan k — m o’ (Ey)

max. bending moment = M = FL

M| 2
2) FL D_ 3D

max. bending stress = - = —
o EI  EI 2 op2 “mex
if maximum relative displacement, y__ = Z is known, max. bending stress ([@],) is
given by
3D : . . :
o, = 5 (2 - Z, direct compresssive stress (O3) due to weight of water 1s

mg . 2x 10°
E (D2 _ d2) ' (D2 - dz)
4

G, =
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Total stress = 6, + 6, < 200 X 10° Pa

3D 2 x 108

e, g4
1€ 212 n (D? — d%)

< 200 x 10° (Ep)

Natural frequency

> 30 & rad/sec

n” \m 51020.4

L x :\/3681554 ®* - d*)
ie. Di-dfz1231 )

Weight of steel column

W, = g (D? - d2) € gy, = g (D% — d?) (20) (7.75 x 10 x 9.8)
= 1193020 (D2 — d2) N
Problem:

D
Find { d} to minimize W subject to restrictions of (Ey) and (E,). Also use the

conditions:
D>d, D>0 and d=0.

Procedure:

Plot the inequalities (E;) and (E,) in
the D — d space and draw contours
of W_ and identify the minimum >d
weight design.
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