Homework 3

Textbook Chapter 3 problems 30, 31, 38, 48, 49, 72, 82,



3.30

m = 358(:504 Ib—sec? /in, F(t) = 200 sin 100 7t Ib. Let Xp,y =0.05 in < 0.1 in
(maximum permissible value). From Eq. (3. 33),
X = b —— e =0.05 (1)
2% 2
Let ¢ = 0.01. Then 6y = 200 and Eq. (1) gives
T
keq = =i = 20.0020 (10*) Ib/in
2 (0.01) V1 — 0.0001 (0.05)
Since shock mounts are in parallel, stiffness of each mount = E =
k
—;i = 6.6673 (10*) 1b/in.
Ceog G
§= ==
Ce V2kym

or =¢"\V2kegm =0.01 V (20.0020 (10%)) ( 500 ) =7.1948 lb—sec/in

¢
and hence ¢ = 4;1 = 2.3983 lb-sec/in



3.31

Equation of motion for torsional system:

Job+c,(—&)+k (6—a)=0 (1)

where § = angular displacement of shaft and o = angular displacement of base of shaft
= oy sin w t. Steady state response of propeller (Eq. (3.67)):

1|' y I A
CCTToTTIIN] oe4m| oem
shaft? g gm 0dm shaft f
6,(t) = O sin (wt — ¢) 1 (2)
B kf + (e W)’ ’
where © = g (o = Jo P — (o0 ) (3)
_ -1 JO Cy UJ3
ad ¢ =t e — Jo ) + (o0 O =

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

(80 (10%)) [% (0.6* — 0.44)]

Gy J
(ke)y = 1{ - % = 27.2272 (108) N—m/rad € Function like these will
1 . .
(60 (10%) LI be given in the exam
G Js 32 3 .
(ky)e = i o = 9.4248 (10%) N—m/rad



Series springs give:

(keh (ke)e  _ (27.2272 (10%)) (9.4248 (10°)) _ _—
(ke)y + (ki)2  27.2272 (10°) + 9.4248 (10°) — 7.0013 (10%) N—m /rad

t=

e =¢ (2 Vo k) =0.1 (2) V(10%) (7.0013 (10°)) = 52,919.8624 N—m—s/rad

From Eq. (3),
11

2
(7.0013 (10%))? + {5.2920 (10%) (314.162)}

6 = 0.05 3

Eoma (108) — (10%) (314.162)} + {5.2920 (10%) (314.16)}

=9.2028 (107*) rad

(10%) (5.2920 (10%)) (314.16°)
7.0013 (10°) l7.oo13 (10%) — (10%) (314.162)J + (5.2920 (10*) (314.18))?

¢ = tan™?

= tan™! (59.3664) = 89.0350° = 1.5540 rad



3.38 | —

M(t) = My cos ot

Turbine rotor, Jy

m£= M, cos wt 3 «-t: 'k{_.'-(- k-é-z
Ezua."-‘fon of motion:
T,8 + ¢ 0 + (K + K)o =mE)=m, coswt (1)
For the 3|'ven date , Ef'(') becomes
0:05 6 + 2-5é + 7000 6 = 200 coS 500t Cz)

Sf‘ga_&t/ Aate WO'YM o‘& the turbine rotor can be exlarESS‘eA_,
simlar fo Bsr (3:25), (3:29) amd (3.29) For o

torsional system, as

er(ﬂ:@wﬁ(wt—?ﬂ) (3>
where
®@ = e %)
{('k{: - O_o 6-39_)2 -+ sz wz }é Zf
and L cy e
= fan .
96 : ( *y - Jo 682'> Ced

For the given data,
Jo= 005, My= 200, Ky= 7000 , Ct = 2.5, = 500
Hence Egs: (4) and (6) give

200

®

[(7000-0-0‘3 x 25 xuo")z-(- (2.5)2 (zsxla"’)jg
= 62868 x15° rad

1]

!

fan ( )
7000 — 0.05 x 250 000

- o
fant (- 2222

SS oo

—12.8043°

Y = far' (- 012279

~ _o0.2235 rad



3.48

kg[(re) ___0\9

) >N

ERRNOVE

Fe
Fx; FJ . :
reactiony o —_
at O ™ % \if T i’x
,klz Ci

Equation of motion for rotation of pulley about O:
—ky (fr)r—Jop 60—k x(21)—cx(2r) +Fosinwt (2r)—m¥(2r) =0

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

2 tomr|¥+2crx+

2r

2k1r+%k2r]x=2rFosinwt

For given data, Eq. (2) becomes
11X +50x +1125x =55sin 20 ¢
Steady state response is given by Eq. (3.25):
xp(t) =X cos (wt — )

where X = 2 =0.001136 m

{1‘12.5 ~11 (20?)} + {50 (20)} :

50 (20)
112.5 — 11 (20%)

and ¢ = tan™! [ ] = — 0.2291 rad = — 13.1287°

Fo sin w0t

(1)

(2)

(3)



3.49

' Mg =0 (about hinge):

I 6 + k3-§4£]3—4€—+(c€9)€=—g-Fosin.wt
- ; Fo €
or 109+cf29+19—6k€29= 0" sinwt
Magnitude of s’qeady state response:
1
4 2
o=l o] e .
(b)
SYMp =0 (about hinge):
Lit@ed) e+ |c s %ﬁ=gFosinwt
- : Fo ¢
or I06’+T96—c€29+k€29= " sin wt

Magnitude of steady state response:
1
2 2|=
§ Fn € 9 2
eb=[ ‘; ]/{k£2—10aﬁ} +{Ec€2w} (2)

Usually, c is small compared to k. If the term containing c is negligible, ©, will be
smaller than ©,. Hence arrangement (a) is desirable.




3.72

* = SP”"‘? constant of

cawls Tail section ',’"‘.”"‘

antilever beam " (self mass = 240 kg) ¢ —

- 3EIX 3 (2:5 %10 ) EL= 2.5 MN/m , T=0-15 | . &=
22 - 43

AN
]

= 0-1172 x10° N/

K

I & 1
I | S S
(*-’n‘—'\/ i =\/ o0 (172 x 168
m +0.25 My o o O‘Z‘;(an> = 3§.-2753 ra_cf/sec
W = ZTV(15°°>/60 = 15708 rad/sec
r= /W, = 157:08/38.27535 = 4-(040 ,  r = |c. 5423

Forced response s 3given EJ Eg« (3-79) :
x?(t) = X S$in (C-S't —;5)

where me rz
X = m 2\ 2 -1y
1 @-r ) -+ (?. ‘gr)
(0:5)(0-15) (6.842%
20

\/@— (6.8425’>2+ (2x 215 x 4 “"*‘92I

-3
= 3.9747 x (o m = 3:9747 mm



o, = | X
3.82 e T )
- [200 % %R
Vs‘g/aae' = S ] o
=39.3(41 ra.d/;ec L':.l
= 2_1_"1:’2)_ =78:54 rﬂ-"/sec l‘—— _+_lsll JA 20" c

(P)nge,»;m, = (;324>(4 )+ 3%4>(5) = 141-2612 tb-in-sec?
F=me w= (3854 (0-1) (78 54)° = 79-8205 &

Point R s suBJed:ec! to the Force, F(t)=F, cos wt =79.8205 cos 7854t

Assume that S is not maving. @,
Then Ris clnS‘p‘a-ce.J 2"1
x (k) = Fo coswt _  Fo coseot  79.8205 cos ot
k- mas * [ - (EV* _ ([ 78:54 \?
l “ {: (wh) | 200 I“ 3?.3114') ,

0+ 1334 coS 78:54 t inch
Let o= angular displacement of plate P.
Dl'spla.cement of = 5@ inch
Extension of springRS = (56 - 0:1334 cos 78- sq.t) mch
Restoring moment of spring force about P
= 200 [56- 0-1334 cos 79:54 t |5 [lb-in
Velocity of Q= 40 & inch/sec
Damping force ot Q = 406 (1) = 40 6 1b )
Moment of dawmping force about P = 408 (40) =600 © Mb-in
Ezga.ﬁbn of wmotion of Plai:e Pq -
T 8 + (600 6 + (000 (56 = 0.1334 cos 7854t ) =o
i€ 1412612 § + (600 & 4+ 5000 @ = [33:4 cos 7854 t (&)
Comparing (B ) with E7.(3.24), the solution of (E/) can be
expressed a4 Op(t) = B cos (5t —g)
where , from Egs- (3:30) and (3-31), we get
9‘&/50“) = 1.5239xi5 " vad
(!— 174. 2150) + ().xo S519 x 13. 20!3?
and g = ton' (_ 25. 4326/4'73 27 5‘!) - 8-2529°

I

S'f:ea,o'-g state motion of Q = eP (4-0)
= 01006095 A(78:54t + §.2529°) inch



Displacement of S = @(5) 'nch

= - . " D
((‘5238 x (0 4)(5') inch o'l33H ] : %1’

= 0.00076(9 inch g.astd |0-000%1

Dz D-’:: maximum aleforma.’ba'on of
Spring ~ 0-(334"7

Max. Force 'f:ra.n::mi'l:teol to Po:'nt ,S': 1<(D,_D3>
= 200(0-1334) = 26-68 Lb

Py &



