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USE OF THE INSTRUCTOR’S MANUAL

The problem solution portion of this manual has been prepared for the instructor who
wishes to occasionally refer to the authors’ method of solution or who wishes to check the
answer of his (her) solution with the result obtained by the authors. In the interest of space and
the associated cost of educational materials, the solutions are very concise. Because the problem
solution material is not intended for posting of solutions or classroom presentation, the authors
request that it not be used for these purposes.

In the transparency master section there are approximately 65 solved problems selected to
illustrate typical applications. These problems are different from and in addition to those in the
textbook. Instructors who have adopted the textbook are granted permission to reproduce these
masters for classroom use.
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8l | wy= % = S = 6 vodls
Y = Yo Cosuwnt + %3;\ S Wnt }

= 0. cos bt (m) f;
U= ¥ =-0bsmbt (mls)
= 9 = —3.Lcosbt (m)s?)
When t = 3s:

Y= o1 cos (b'3) = 0.0660 m  (loelow ey.)
W = —0.b 3 (Q-3) = 0.451 wm]s (clown)
Cpnoy = 3:bms*
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At equilibrium ,  Cz4my-C, =0

Se -(K,+k-,,>j = i

X m
y k‘+ ke y=o 9
n—kg 3600 + 1800
—\/ .,/ 2°5 46.5 rad/s

+n = 2'" = 2,” = .40 Hz
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X= Ny oSt + %"-; Sinw,t
= 0+ 22 gin ot = %.3300°Y)g;
6O n = ' )SW\ cot

X = 60 (833)(1073) cos 60t = 0.5 cos (Ot
X =-60(0.5)sin 60t = —30 sih 60t

Qmax = 30 m/sz
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KX —— . - 3kx = mx
KX —— k. /i ¥ 3k N =0
3k 3(6.5Y(12) "
Wp =T J 4/“’ﬁ322 43.1 radsec
ey (,\)n - 4%\ .: On ’305 SCC.
N = Ny Cosut + t' sin Wat
= o ces (4%102) + 22— Sin (48)-2)
=-0.0371 1n.
/i = =N Mr\ S'\n \»\“t + 'ié ot \A\nt_

= - 0.l (48.!) Sin (4%.\-2)+ 0.8 Cos (43.1 '2)
= -45 in. /sec,




8/l — |4k _ [4(17 5S00) rad
SENT SV Teee - T 837 Tsec

£ = Wn %37

-—

>a¢ > = [.332 Hz

We have assumed +the unsprung  mass
(whee\s) o\xle,g) ctc..> to be a small
fraction of the +tstal car wass.
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3=5- k=474x10°Nfm or k=474 kNfm

4000 ?

(b) For m= 4000 + 40 000 =44 000 kg,

£ =1 /3(474)(/03) 0.905 Ha
n"2n V" gaxior T ————
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5 (5280/3¢00)
21.8

in 2.5t = 0.34| sin2L5t
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('\n -Ft/SEC.)

or ¥= ¥%.0 cos 2,5t in.[sec
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r~ T, S.= static deflection
;— _e__ - _Q__‘:a*gst st . .
2 2 Yy = djna.m\c, deflection
™3
ZF3= mg :o= ZTs;n+?s+ mg = m&j
_ A o
R R
- ZT-—— - __§_t —3 9
u 2T\ _ - o/ =

Q\"rhousk done aheve, the indusion of

the forces H“Q,\ and - 2T %‘1—) which Sum
+ zero, I8 et necessary.
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il pasitron
0.6 H_L Vv beloww eg

m Ty B= vel x a’en‘s/'{y x 9
A0 I = ﬂ)z, P9 = 77/0'62&, (1.03x10°)(2.81)
= - 4
goo I | = 2857y N
Hg ..
! ZFy-: may)' mﬁ_(mj,pg):my
X4 2?‘5-7 =
mg + B Yyt <50 ©
)/2857_ N VAN
“n=Ipog = AFPTE, hTaas o

= 0.301 Hz
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(dﬁnum'\c_ forces Mb) - =
keﬂx ke“l
ZF,X':W\;)Q oo RKkegn = X

. =K . R4EL
N+ —mﬂ-m=0 Ys Nt mul =0

_ 24 ET \/GEI
W, = —_— = =2
n \/ mL3 mk3




%&J The velocftJ of the ‘P‘kttj after
olfo:ppin 2 m g
V= 2gh = V2@8)R) = 6.26 m/s

The additional static deflection due
+o the 3-k3 masg IS
- _ 3%y -
SS":— %IZ = 4_(?%5— = q.ZOOO 3) m
Ve\ocitj after impack : Yo = M =0.606 m[s

3)
Natun| —FrewuenCJ of metion : Wy, = _,4%\_ = (0.1, ‘1030’_

X

X .

1.20(1072) ~ 9.20(103) cos 10.16 t+53:7(15%)sinkoset
9.20 (1673)(1-cos 10.16t )+ S9.7(1673) sin 10.16E m

It on
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Wn= V3N = 1926 rodfsec
fa= S T 301 He
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ZF=ma, ; mg-(mgr k[$]Y)=my

. Kk 1C\¢  _ ~_ 2 2
y*;;,(‘g)y o ,7 -w—:-=2”/§)/;"1




g/‘ZSI Dﬂnﬂmw ‘orces or\5 with 8, omol S,
bemj inertial displacements and x5 The
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\
K oy RS tSyt Constarit = L
I“'T - = Rq,+9, =0 ()
s T T F=ma:

@] @ Hr: ~kx-IT=ma =my (g
ot - TEma g
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Second eq. %T\ - kl(%qﬂ: "\1%";\ (&)

Solve (&) for T, and Subghitute wh ()
b “ b2

Lvr oo my [+ [kr 2 kg |x, = ©

For K,=Ky=k, M =My =m : mx +kx,=0, w,'=[*/m
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Substitute numbers and solve for ¢ o
obtam = 380 N-s/m.
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M Wp= -\} /m = \’2225;22)2 =31 rad/sec
1

2
5= 2w ©=2mu= 2(F)GE)
= 154.4 lb-sec/ft
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_/_2'_J L= 4—, S Ioj decrement § s

Xz,
S = ln -}(!— < tn 4 = 138
, - 5
V\scous damp'\nj Factor j = W
). 386

-—

= 0.215

V42, 13862
S | rad
Natural frequeney wn= == 52838 3

k
From wo=d , kemu>= 25(8.38)% \755
C

2ru,

Se ¢z Rmu,f= 2(25)838)(o20): .02 L2

Do.mpinj ratin J§=
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~Sw t
xo _ Ce ne _ ‘SwnNTd
X, Ce—f‘dn(z‘o+/\/7;/) B
Define 5 = /n =y, A/ = Rr

o
= Sy N—=—___ _ 2nNY
* %// s vy
Solfve for ¥ 4”6/96/‘ ¢ = J

znN)*+ &y
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BI34] o =2 = 4 radfs
c 42

§= Zmwn 2(1)04.) = 0.5 <und€rdomffd)
Wy = Wa1-§* = [4+/I-0,75% = 9.2, ruds

. - Sunt
K= (P\3 cosuyt + Ay Sin N{t) e "

, - lo.5t
:Qﬂs Cos 2kt + Agsin ﬁ.’Zé»t)a
Tnvbial  conditions : K& RAa
: -5t
K= —10.5(A; s 926t 4 Agsin 326) &

. - 0.5t
| + %26 (- A3 sin 26t + Ay teg20t) &
0= —\0.5RA; + U2 A, ) o= L134R5= 1134%,

: ~lo.5t
So X = N, (Cos .26t + 1134 sin °1,2(,t> e °




R/35 I Eq. B/ oy = <A3 cosayt +Q48inwdt>e-‘§m"t
At time t=0: AN, = A,

( = -Sw, (g3 cos gt + A, Sin wo\t)e‘sw“t

+ Ly (- Q3sir\ Wyt + Ry Qasusdtﬁe - Swet
At time t=0: A, = —ScunA3+wiA4:0
ﬂ4__: /Kow“j/(dd

- : =Sw,t
Thus X = %o [:cos wyt + S‘:’i‘ smudt]e o0

At time t = T’d = Z'rf/(wn«Jl—S’- )
-8u (2T )
XT&z /xo[:u—o]e "Nwpi-gz
%o X, e—ZﬂS/wl\—S‘

2
_ 2w

9“(“'?7) W/-l_? )

]

£= 0.1097




8/36 The 206° vamp Is  irvrelevant,

The equation of wastion s derwed 42 bt

. RC K
X+ S X v @k TO.

SN TR - o
0= \ A 12,04 rod[sec

ZSN‘,\: 2—75'\ ) c = S\'Y\\o)y\
@) §= 05 1 o= 655 )(ren)T14p S

(& $=15 " C:Q-S)(%B(‘Z-M-) = 224 3




%7 Combined ¢ = 2med, S where w, ’/—' /Jx:/‘;»;;lo’

=/8.85 rad/s
and ¥ = )

(2n)*+§*

But the logarithmic decrement &= In (x.,)_ In4=).386

So the viscous camping factor $= |, 386//(2n)‘+/ 386>
=0.2/5
Thus combined ¢ = 2 (4000)(18.25)(0,215)=32.5x10°
§ for each damper c= 32.5x107/2= /6. 24%/0° N-s/m




%38 ] wy= A\ = = 6 rads
Y

= 0.5

$= 5= = =2

Z2mwy, 203)(e)
wy = wﬂ-\Jl-Sz = 61-0.52 = 5,19 vadfs
X = (Al cosuyt + A, sin u)&t) Q-Sm"b

(t= 0) = A = %

x = - Sun (H\ coswyt + Azsin th\e
T Wy <‘ﬂ\s'\n wygt + Ay cas L"At> e ~Sut

k(E=0) = -Su By +R, Wy = O

Az= SuaA fyy = 0.5() %o feag, = O.5T1 x4

So X = %o [cog 5196t + 0,577 sin S.19t] e "3t
and k(= TdY) = x(t=0.605) = - 0.130x,

- Sugt



839 | x= (A,+A,t)e “nt

x(t=o)= A, = X4

io= Ay e e, (A AL et

X (£=0) = A, — W, A, = X,

Ay = Aot Wn X,

So x= [+ (%ot wpa)t] o™ Wnt
For X To become negotive with %>o

)
Kot W X, <O ) Ko <= WpX, OF ('Xo)c='mh'xo




i/“q_"ll w‘ —\f c’é éi}izz 2 rad/sec
= £ — _ C ritical
@3 3 MUy, 2(3)(2) - j‘( clt\mﬁng)
X = (Qﬁ' gztse"wnt
Considevation of inttia]l Conditions a{elds

= (O.S+t)e_2 x(t= os)_o:%g ft
(4 .42 m)

_ _ g
©) §= me T 2R)2) = I'S (OVerdOmfeA)

/X:

Determine A, and A, in usual Fashiny :

AXo\ At M% \ At
X :< 2 > l ._.|_°_ 2

>\2'Al < + )\“)\7_ c ) UHU{
Aya= o [-S£§T] = -0 -5 23,
N = 0.585 e O | 5 og5e” S24T

x (£=0.5) = 0,393 ft (472 in.)
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L T enfsaz = cfr :a.L’L;
o — L
A 2C‘:“""\ - Zﬂ 1 ( damped >
32,

Conservatian ofF lnear  mamentum Awmj ‘F\rwﬁ-

6106
Keee O = = 3275 (800 &agR0°) 1

32,2 %o
I‘XO: '4‘-67 'F‘t/sec'
—uat
NC= LQ\*gztbe
-uWnt —Nn‘t
I.R:- ‘\*\n(ﬁ\+p\zt§€, g F\z
. = R = = Ll F\\ YA
& ° \-m t,M A -bt - r
Se X = 'f(o“te, "= 447te C\Y\ 't)
- -6t

X=-280te Ty 4677 = 0 For Xy

t = —'gsec

= = Ble” = oi=gb £t
oy %‘t"tseg' 4&7(5)&



542 | 5

-2 = /nf(X\- ), 3 _
S’—W where 8—/'?()(2)-//);;_/,792

1792

= =0.274
Vizn)*+1.792*

C=2med, S where equ/va/en;‘ m Ffor each absorber (s
(7 3422) = 26.4 1b-sec*/rt
k=F/8, =100/2 = 400 1b/¢¢ (for both)
w, = Vk/im = Y/400/52,8 = 2.75 radfsec

So for each Sbac/é) c=2(26.4)2.75)0.274) =399 /b-scc//l'




8/43 From constrant ) Yz= 2\1,) A, = 24

SR 5
_
T
T T
C(iz/z)
) T’Xz (Danom'\c Lovces Qv\b)
KX,

@ EF =™ 1~ Tk = MaX,
® : ZFIA:m;‘.' ZT_"S_C"xz:M"‘X": JZ‘MVXL
Ellminate T ¢ [ m,+4m,] "x.z + Cxy + Aka, =0

= 4 k - k
(&) -\{ _ = 2
" m,+ 4me \/m|+4m1

c D
ZS\A\ 2T = c ..‘.\1"‘!‘*4‘"‘1
n m\ +4me ) f 2("\\ "'4‘“‘1_) 2 k

_ c

) 43 k(m, +4m_)
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|
Mg Xp

E limination

Tg

o(t ﬁ)‘

i

_2:;— - % ) ?E.H:(%)%
*rﬁ(t_)x
ZF, = mx:

® -kx-Tg = mx
@ Tp- Xy = my ¥

ZMQ:O: TBB —TH.CL:O

of —I—& From Eq. Q (‘jk'd&

ra

LS v .
[mn‘%zm,_]'x + Tex + k=0







P8/4(9| Xl mg
K \ k.

z X e— 2 X

— < "
mstion () p g g MMy (metion )

X+ W' KT F g

Selution | X = A Caswpts Bsin e F 2K

| Wn*
Tniticl Conditieny For First half - cyele x= /x}@t

Resolty : A=Ay~ —% , B=0

M .
So X = (’lo‘ %)Q“ wpt + My $or —F\mt;—_C\\’c\e,

Wnt

L<I£-t'—,| 4}xk3 ~inear envelgpe
@pt
—L" Wt T=2n . 2

—

—P(W\p\\‘tu&@. decreases ot tongtnt
. 4
time voke of Thi3 fon® ?—)‘l‘i\l

Zxfun




8{47 I U.)n:: \’ _:;\_ W 160 md
— C

= _ 500
. Zmay, 2(10) (100) = 0.25 +for (50

X F-/k ‘QOO/\QO 000

- G ]2+ 12s u—_\}lz {[' 122 -Jg(ozs(lzﬁ

{D 1.22]%4[2(0.25) (1. 2)] }’/?_ “344-(10'2) m
() With §=o X = 221(107*)m




8/48 (M§%=|: 8(M>%——_—Z
1 _ 8 '
R A s e

Sﬁuqre both sides and Solve For
45 obtain = 0.193¢




89 | wo= Yijm = o@D jett = 6adfsec

32.2
—_ FO/k _ 5/6(\1‘
X l_ (w/uﬂ)z - ——-—-——1_ ‘Z)__;:
» \ 3
Because |X|< ,%) Wt Set X‘%glr—-ﬁ-’

and obtain W > 678 vrod[sec t W< 5.10 valsec




8/50 Wp = b rq&jseg C‘F(om Prov. 8’4‘ci>
[

X = Lolk $- Zrmuin
R R EXEA L X
2(2)6
3 5/6(!2\ ‘ . 3
12

V- @F1° « C2e) 2]
Sc\uart beth Sides +o obtowm & C\uodro{'(c,

n wr, Sealution @ W< 5.32 rod Jsec
W > 6.50 vod Jsec

RAs expected | o\om?‘mj allaws G Whvder range
of W than  when §=0 (P, ¥[49 )



8’5’ , Wp = 16 Y‘O¢Iseg (’FTOY"\ Trb. 8)43)

_ Folk
- - SV (234
5 /6() s
J[\ Erl-Ls el 3
$ = 0.1389
<= z'c“u“ = 25 muw, = 2(0.1389) (=2)(b)

= 3.33 lb-sec [t




AN
- 75/(2‘260)
— 5 = o025 Tt
.35
G) S o €= Zvc\:\ 60
X |0
n (II 35
£ = 0.851 322) )
F°/kcf+
{D WEKIFAR ]}
- 75/(2 +200)
{[l <“{f%5> ] [:2(0 85\)(“ - } '/L = 0.07?1 ‘R,
S - - loo
st ke.{,g 2(200) = 0.25 £t



8|5: S | \
(53 lu—-—»lzr'ﬁ . N & displacement
KX <—{2m _@:T ot 2wm trom eciuil.

fN T position.
Dﬂnamig forces onl\\) ™
in “action  divection I
F=F, sinwt
= F=ma:
2m > © —Kx + T 2mAy
m 4T Fosinut-T=m(R4)
.o o k F-O .
Eliemete T K+ gmNX = an_Sm(At
X
O“)Q,: ém

(I‘t is assumed Tt The cable is always
l.n ‘tens'.oq >



8/54 | _ |
" R T e
|
DTS NP = 2
|

o {[I-'l1]2+[2(0.2>(|)]’}'/?- -
Ri= o (o) = 507,

.=

{.[' 27‘]2+[2(o N T © 330.4-

/
M {[' 2"32+ [2(0:2)@)]*}%% = ©-322)

Ry = ~M—z——(loo)-2.52 A




8/55 Ime Fig. 81, for $=02 § M£2 (/) < 0.75
§ (wfeo, LRI So £S48 He or £2 6.6 He for the /imited ampli-
fudle.
From Egq. 8/23 with M=2 § 5=0.2,
/
{(1- [, 1) *+ (2x 0.2 twtio*}
Sl'm,o//'/y ayel‘ (u/wn)'/-/, 7‘/(10/1-1“)1-#0 75 =0
184
(afes, ) = S jﬁx*/z- 4(0.75) =0.92+ 0. 310
= /230 or O0.6/0
So wfel, = 1109 or 0.781, F< 463 Hz or £ 6.66 Ha




8/56 The condition Tor the moxima 1S
dM d { f o
L A e TR
Differenticte *o obtain —‘a’—~ = 1h_zgz

n




8/57 I E?ﬁf/}/ﬂ/én/ J/Jr/hj Corr S Fer )

- p - 2 -
y /a;Jc i Boo N/m
b K
Y, 2 G wherc W 2. 1 _ J90._ rad/\2

7 w?s(4x27)*= 632 (Z2)°

7/70/5 v/ = 3
%7 e T8

/oo 0O



8/58 I het X%, be tne dosste cart dispacement.
Then ALy = Xgth | x = mass velokwt  displacement
— = (kra-ts)

——

F,=ma,: — K - = (%gth
k(%m"ﬂb> Z X Q/X (Y.m ’X,BB W\(‘KB‘}'X‘)
= k«x X+ %'& = bulsinut

b ("“/Wn\t

Assume =X s @t ¢ obtan X = Tj‘@'\;\'ﬁi
Requivement : | X| < 2v

r 8 z
b (W/tn) g o (0ln) > =21

So Ty T2 NS
\ \
%7‘ < 2/3 and "L‘;""'n 7 E

SCG F‘j 8/‘4‘



_8le] W, =Jk/m = \/2(2.1)(:03)/20‘ = 14.49 rodfs

R S 2 (58) -
3= 2ran = 2@)(EA) T 02

N

= X) zli_—i u*—-letr=“(:,’-='|$$?
Li- @) T e[z 877 ) A

2 I

2T - r*]% 4(0.2007r -

M

2
r*-1.84r240.75 =0 | Iz 0.610 or r= /230

—n\\.ls #W =r :'\(0.6I0 ) ®wz= .32 rad /S

or [08.1 rev/ml'n
)
A4 Sr = 1230, ©=16.07 redjs
or 153.5 rw/rm\'n
Yyey

ey
Summog . N < 108,14 ™ °F N 2 153.5 ™in

ovr




W _m
8’GOI W=keqsst \) k. - Ny

xSt

:1‘ kej/m = w/ mj/'ist 1’3&%
For Moaximum  Yresponsk ) =“l /SSt-

foo o L3
and = 2% 2 _Ss.t




slel | X _|_' _|_ oIS = I.5
b T - Cln)?| T S0 |
V)
For w<ay, 4 = 0‘517}
For w>&)n) ﬁ—n: 1291

_ l4k - ]4- 7200 :
Wn= N, * %3—2_ = 25.9 r“‘{/s

For W<wpn , ©=05177(25.9)= 1494 radfs
For w>w,, @ = 1.29(259) = 33.4 radfs
Thus prohibited range s 2.3¢9<f< 532 H=




8/62 ’ ZF—,xz mf;{:

m X »
Cx kl('tb“'x) mx + CX +(k‘+k73'x= kz’*b
= kob tos ut
K+ ko
We = m

(Tt is assumed that The dqmp'm\q) is
Hgnt  Se Ttk the fovced response s
' [I\) ~
S Q@ mMoaximum o« (/m“\ = :1_.>



8/63 | 2 F =i

>« ' ' X
ka7 ~ kx =¢, % + ¢, (%y=%) = MAX
“ | m . ‘ .
C x C,%) g + (erex +ka= Cyxy

. | =-c,bwshwt
We = \] m

C,+Cq C\+Cz_

28ua= = = =
| n m ) \ 2 \Nkm

_(See G.SSumP‘tim in Salutisn  of Prok. 8/(92)



MTY\Q_ maximum  Volr  of the oree
Trangmitied 4o the bage | from  Sample
Postom Elo) ie (F)ipe = TR +um
CFo/k)M N+ (42 mtun)at

\

"

Fo/ )M ity AfTmiunto® | K®

®hO Mk [T (ms By
= MF fir (23 8)*

Then Trangmisswa b T 8

Ft = MY+ @13
LM = YY\QJY\\'F\'CO{‘\'M %mﬁr)

[}




M_l Fo= 2mycw® = 2(!)(0.0|2§(|<goo %%)z

= 853 N

Force transmitted kX = 1500 N
- Fs

But kX _——l-(‘“/cun)z

_ 2

So}vw\\o“ (%n): |.56% or 0.432

With mn°‘= k/m) We oktam
k = mat mw

ser ¥ K= Sam

T

or 1500 ='

853

e ————

| - (w/wn\z

With m= lo kq and W= I%00 (2L

we abtam

k=227 KNfm or €23 kN[m




_g/(”_e_l For selsmc (esponst |

x _ (Sfsn )

> VLR T [T
X=2mm ©F 3(2n) = 18.85 vad|s
wn=m = 1/—2:/:; = 6,32 radfs

%—n': 2.‘18) cﬂ/w,‘yzt T.%%

c _ 3
Wn 2 (0.5)6.32)

2m
Se _7\_. ¥.98
b

Co

= 0.474

T VD26 [2 D RW))2

b = |.%8b mm




86T [3_ _ ,\so _
C\)h M = m = |36.‘] Y‘Q(Us

_ - © _ a4
@= 20 (8)= 314 rodfs, G, = %ﬁ—zolzzq

[N

With G <<1 cnd S= 0.5 | The vesponse

is wet Sensitwe b Yfu, =4

)
Se Ig E(%j',\)?- . But L b‘wz) sa tht

2 %wox — 2 /150
pS Wn® o¢r an’Xwn = 0.004-( 0.008)

= 750 h‘\)s?‘




8/6§| 2 F=mx : —kx+F = mx

:———)—'K &é-‘- L'X - FQ
m m
< m |}
kx F
° = Ko+ Xp
. Fo
or X = <9\008mn’t +Fﬂzs.m m“t)'\" _E—‘:
x(t=0) = A + S0, A=
x(t=o0) = A w, = oy hy=o

Se X = F\z (l - Co$ wnt>

N
A
§
I U
|
|
|
|
|
g
r’,

kK
o



8/e9 2 e _ b
a Ke= 5 X

+k,/x )
,Y\t m ZMO':O Ta - ké'xb"xc3b—0
A _ b
i/T T = _oTkzO(b 2’)()
ex VIT 2 k=
kg’xh")(c> X mx .
—k,'x—C’x + 1T = m’>'<.

_ o b o .-
kow —ex + Ko w, = Wggm xeme

03 mx *C« +<k‘fk1§>'x=
kz%bodoswt



8/:’70 For stead&)—stod:e, motion)
%‘ = (u(“‘nY-

YRS RREIENG
X _ 2x _ £
T TR T 00 = e

0= 5(2n) = 34 vadls > Ha= 1147 B 130

Sy (B\® - 1.316 = o
(3) L" l,SlQ]z f[4‘(|u3lb)32] )S" . 408
From § < f;\‘w ; c= S8 ww, = R (0.403)(2)(27.4)

=44 ¢ N‘S/m




»3/7] I Take road contour +o be x= bsinwt

Wowe\ens'th L=vT = v 2w =2 W= 2%y

w
Thus 4= bsin 2 ¢

b
T = |y

. Set b= 25 mm

25
0 = 2'“'(”_37 = 36.4 rad s , and wp= \Jk/"\
.2
|
= <75<7’8')/°'°°3 )/2 = 22.| radfs o
500

obtain X = 1475 mm

Critical s?eeo\ : W= Wy

Z'W:J-g - Ik/m = 22 |
km

—Uc-_-_ 4. 23 M/S or ISZBT




’8/ 7R lfn ergy loss dE during motion dx is the negative of the work
done bj the friction force cx sp

dE=cxdx =ci(xdt) =cx?dt) and the /oss percycle is
E= / Tc)z 2dt where T=2rfw

For the ;’ampec/ linear ascilletor x=Xsinlwt- ¢)) 59, 8/20
where X= ‘o lk

{L1- (wses, P]*+ [2 5 e, )* 2

X = Xwcos(wt-4) X* = Xw?cos*(wt-9)
Thus

2 /e

. ar/w
£= cX"zd’:/co.s‘(wz‘- ¥)dt = CX‘M‘[EE_,_ sin z(wt—tﬁ)]

A Y e o

= C /\/zld T
Power loss P = (Energy loss per cycle)leycles per sec)

2 (2% 2 2 2
=CXA)”X-—:: “ = 2
Zr ch , P=cXw?/2




8/73 l Dﬂnam'\a farces ¢

Kb & k(Rbgmn GX

K S My =T, g - —(kb sin 63 (b cos 9)-' k(stif\OBch«sG)

= m(3)%g

- Bk
For small 6: 6 + G €= ©

_ [5k’ =) S [
Wn Im ) T= ", = 60 5k




8/ 14 Each SPrinj force is FS = kbsin 8
—y—loﬁ .

__01 (S‘Drfnas are assomed to Yemam

b hov |zon‘ta\>

|

F; 2-M, =1, 0: -YY\poSmS ZF‘ b ¢os O

= %6
mq Sfm?l'fj to oL‘tqinz(-For Small 93
2Kkb _
6+ (T + 2k )e=o
o 2 _

2"?/ 9 z
Wy .\E_Jrzy:bz




zMozloé CTmMg e

2

= |z m(@™e) + m((%)ﬂ(%_ﬁ] 9
For small ©:

é + ._32.:_3___ e =

a2y

sin 8

@]




816 | 7= &5 =

) an ) ‘I(,—“\z‘mr‘2

| (QZ‘M:IOé:—mj%sfn9=
: Lt

e For small 8, sin © ge) SO







(.8 % waher Than result of Proo. ¥/77)



8/19 l let £ = mass per unit Lenj-th.

A A Bo&\\) masy m= 6fb
2k . N .
b oo laa= 23_(‘1’)5 + R0 (")
= B e I
| = 31t (erw )= mi
A.‘q o b _ 4 2,5
b/ pZM“'nzIazne:—mj 298 7 Tgmb 6
2 {’—“
A N 93 _ _ 3 3
A\ . ST T T8 70 W™ S\
b/2




g/80 Body moss  m = 6Fb
Tao= 2% (L% + Z[ 206+ fb(b™s (%1)]
v P (e s (26 1Y)
= gf;ﬁ(‘i‘“ﬂ‘) = mbk*
7 Mg = Is-\sg :
-y 30 = mb 8

(33.3670 ‘QWQ( tNV\ {QS\l\t ‘FO( P(Obn 817?>



/81 / M = k:© . where ki is the torsional
sPr;nj constant (lSSOCiQ't&L

ATM=T8: -kre=Te
S + -%T- & =o0
- 2% * \Ya
,r_ wn - 2'“'(‘?;_)
. _ T \%
Ind:\ql\n) T, = 2’1\’( kr)z @)

With weights) To = 21 (EX2MCH% ()
T

Eliminate k+ From Egs. @3 and Q“)
and Solve ‘r T ag
I iy

2 mr?
('cz/'t.)z" 1




2 2
8/82 Tan= 20 +mrt = et
B-8
_ = 2
A A Teger ™ et At = 2yncC
| Tae
Deswrd ol R = =2
™ Ta-a
Q = W a-a
o =
r XY

IF , S _ wlZmr“ 2
l/‘jIﬁ-ﬁ {’32—_'“(7' ) ﬁ

Each Notural “FrE}omcj s prportinl, 4o
= o R= AR



Oy 3
Ox I, = T +md*
= mt+m [F)T ()]
= ‘4_: Qz‘
q m

k2o TM =16 : (fr small 8)

-k (Bo)E - (kis) L= Fmi*d

O+ %ﬁe= o]

£ -

|
n

W _— 2 [RB _ 4 3k
2 297 4m T A4 m




-2
e \ja \ 3|«3 0.8-m vod lenﬂth

T,= 5 R+ 1.2«°
\/ _ - L?. + I~2'X-L

/[\ZMO = Ioé : =k %S(nﬁ (If Cosé)) = (Lz+ \.2')(1) é

0]

> g Lo 8 =o0
* A2 +1.24T)
_—Y 4 (126 12¢ Y . %4 ). 248
T= @, = R D 411 e

0.82+1.2x" _
So 4 4y 250 (0.8)7- = | ) X = 0558 m




8/85 0 For equilibrium with © <=0,
Tob=mgl, T, = min

b "

“rM=I,8: mal cos 6
T, + kb6 .
mg  lotkbe (rmq+ + kbe)(bcose)= mi*e

é-i- _[—,‘:\b: 6 =0 For small 8.

— kb? W b
Wy, = —= = =N _ _5 ’k
n me* ) .-Fn 2N 2r ) /m




c(a coseé> k(bsin o)

2M, =I°é ' = Kbsin6(bcesd)- Ca cos8 6 (acoss)

__‘__’ L]
= 3ITmb> &
. - 3a% ¢
Small 6 : e+ﬁ?‘me+§m\(8=
Wq = '\‘% 2Suy, = KTNES et |3
) "7 TR w0 T Z T CNkm

= = 2 [k
S e




R[37

Djno.mic. forces:

5

02m

l<
r~ Lamn B

o2m
2k (0.2)8

e
' 2k (0.2)6

e

T, = mk2= 43(c0)*

= 0.43 k3-m?—
G ZIM= T8 -4Kk(02)20
= 0.436

0.16 k
0.43

é-i- & =0

O\Hok)\/z _ 217)
0.43

360 Y

k = 3820 N/m




h=13ft T =t=2m(a+a”)
!
= 60 = & ma’
@=50 (:' ZMG=Eé
~wgh & = Fma* 8
W \ (esmaLL) R & ah
Lg;\ e + —i?_-e =0
0 _ 2% G
o L TR ey
21 (50)
= = 13.05 sec



! lxi m' @ TA -C"lﬁ = mz')(ﬁ
" :x,\ k«l’ CZM=I,8:
5
¢y Tegh - Tha = m3k° e

Eliminagtisn of Tz from Eq. () Yrelds

2
Kl oo aC J ’ =0




0

From Takle Dl3 T = %1? To= 2mr2
G M, =TIe + mF 6- mre (r csse)

=T.6- m( i

4
Fr‘*'hnj (3,“)5\\-\6 = (ﬁmr - 3#1 My c“e)e
F = 4};? Sin8 + h‘\r‘(z 31\'0059)6
ZF,X = m&x. F = -mre + M (3")C639 e

Eliminate F and 05170"\ - nF 6%sine
‘3 _ chse

e + 3ﬁr Sme-f esme =0

For Small 6 ) Cose"fi) sne >g

3 _ 43
(= g+3'lnre=°

3«\(/(1 3«) = 0.%07 3/"

_-2.i_ RN _ /r‘
T= wn_maf—«rl'?X/j




_i;/i_, From Takle D/3

T = ?:; \"S‘g\é
I,= z-mr?
Z M, =

6 H
mg(% %\LE Cos 6) = ‘A— mrzé
o- K Cos® =0, where K= —34—‘6_ %sfnp

et = i-e , So cos 8 = sin ¥

For e % sin¥2E and §=-8
Se X‘+K8‘=0
qsin
"‘n"'\[Ez <+ ij
= Z‘W = /3"@
T= L gsing

or T =N

—351 for g small >



— M

— PZM°=IOé .

> Sin 6> = %mgz 8
2 |
6+[?£ + %%—]6 =

2

1z kb

smat



ZFp = wmaoy !

= ™y sm® + F = W\fé.

Elminste T subshite p :(R?‘Wé) € assumt

) \

. ~ =<3 o =
Smoal\ g : Q + 3(&"7)6 0

\ Q(w
a = of 22 r= a5 = 241\/ 3(&-r)
3(Rr) ) Zj

Solukisn of  dFFerentil .0 6= 6 swmwpt

O = BaWy COSUT 9W=e°uh, ~ ‘
0= Bmay = (’%"'\)60“‘!\ = _@%.JQS(R-r)/s




8lq4' ZMO:IOé :

k(- L
‘o / N r(T- k,('x—'x,,)) =3 mv 6
T4 Tay ZF,=mx: -T- kz')‘::“z’x

T Use the constraint =16 and

elimnate T o oktain

X <m2+~‘£m|\;x.. + (k\+k13’x = klb Cas Nt




g/d5 Ng = XKe = bsm ot

U‘h h't{ XMP

\-hp + f X m'rp

=M = Qrvxj'zsm 3 -Ke) kk
e = Tebk = Fme®s k
P = Lz[—s{n(ﬂ +°.osei]

- butsmut L

|=s:
T
"

W‘j %S{ne - RKe = Lmll 9 - (‘ W\'Qib OxCGSQS;v\Ut

. -, b .
Small 6 9 t [ e —%—16——37_-5—\}$mut
F\ssum. = O 3swut 43 odbom

) ot 3K 33
r\







8/‘?7| }:i\_/\°=}.jo+fxmf°

5{ T M, = (mgTsine - Ke) k
o He = To6k = mki 6k
* _ J T = T (-smo { + s 8
K9\>' " é = ai_/< ) ->
(2 “‘) mS? snd - Ko = mke 8 —aT CosO

Reorromy 3+ Mko’® + K8 — mT (gsing + a sg)-o




View of wWheel From
left side 3

wt > myrw®

(force on Fa(’ticl)
mew*coguwt = 100
Io-»I.-fg —-l+§‘2-2<3
ZM =I é: - 2?.?5 'b SCC—'F't

—(kﬂ sme)(Q cos 6> (QQ 0 che (1 cos6>
+(mrw® Cosut ) cos & 4,

For small 9 :
c 32

Lo

W = (-0)(‘2> rad
n \/ 23, '1‘5 = 1024 oo

SQQ
v= rwy = A& (1624) = 1195 ftfsec

C‘Q\?— Q.-Q\L
w,, = f =
2.5 W T, ) 27T, W

(ZOQ)L%——,?: -

= 707
2(10.24)(2%45)

=I6

& +

: z Mmrw-l, Ceut
o+ kQ' e = -

Lo




S/CH I fnergy E=T3V=83*+64x*=constant

So c/E/c/z‘ =J6XX +/28x%=0 X +Px =0

~

@, = =22 radfsec 7:2_’5,2”:'2



I =_ L 2.
o= L +md mr*+mr?

= 2mr2
E.=T+V = —\Z—Ioéz_\_m3r(‘_ Qose)

dE
Set E‘-’O and assume

o+ 3. g =
5F © =0




3lior| & pesy Choose V=0 @ =0
/I/\:X —Thev’\ “V’: —‘ik’xz

z,m'xl-\— zf(b
2
= Zmog 1'2 )(%
zm<|“’ )'K
E=T+V m(|+ r:)x + Z kK*

3

(l+ )’Xfork'x'x =o0




M \/: o @ e-'—’OJ' \/6°= VM:mj%(l-Cﬁe")
- g [ (- %)
(TWLN: JiICul |
N = L (5w (B
(w= Wmax = Ogwin )

a L . %
Y Voo = Ty Myt miGe

0 =3 = «‘ ==
" >0 ) won P\ 3




8“03| At eﬂuilfbrium) Z-My= 0 +to obtam
st = m3t

e
LS kb
F E=T+V

s

= L (18 + T k(DI +bsne)?

b +
—mgﬂsin S}
' dE
Set = =0° and assume 8 small
+o okl &+ Kb
0 G ml,_ S = 0

-Fn:w“_lb K
2% T 20 T\ m




8“04" ket Y be the downward o\l\s'p\acemen‘»‘
hm the e(‘\li\i\;rium \30&‘\‘\(0*\ Whexe V: '\Te*\]j

1S doken h be =er,
(Trely=s = (Vs

2 y A
TYY\MK = ’im,\)z A+ _“z_Im?’ = l-z (']b\ 5: “+ ‘%(4“3 (5.2) (%?%
ax

-2
Buk 97 Yo S Upt | Imex ~ Imox Wn
So 'Tww\x = 4’3ﬁ3mz% wnl

-
-\IW\W = 2(2°°°> CZSme}l = 4000 5m:
2 2 _ R
Thus AT Yy B = 4000 Y

Wa = 1.55 radfg , Th = 92% = 1511 Hz



8/|05 I Let & be The o\@rl‘nmmt (@ B%om
The equ'\\'\\an'um "'FBS.\'H.M\ ) Wpre Vs dokan 0 bo
Z&y T = et ) N = ZLJik (2%}7’]

E=T+V= Tma  + 4kx®
dE

— . % Bl
o T X4 Bkax FO 0 X 4+ Sk S

/Sk . =2 !m
Wn = ™ T Wn T TN ¢

)

Nuombers : T = gijg_g = 0.326 sec




dE ~ 9
Set g =0 B+ = ’
S Smn6 =0

For small 6 = 2A¥ 6(R-r
1e, T= = "‘“wjé’(gﬂ




8//‘)7| For the l)o() T~ IZNQ +m (jQ)

. 2 13 1
Combned, ! T, ém\(‘%) -+ ”Ehzl

13
T5%""\ s Tgmz,lz
et 8=0 be the e_w,xx\l.brnum 'Fosvtw\ Showv\ !t
- 3%
ChoutVOQ?Q N= Lk( 9) oki
E=T+V = JiI-oez‘i’ 50 klz
= QZ[lloomﬁ lsom)e + Sokgj

Set YE —§ 4y oktom

d
X 54k _ e
© 3m, +6m, 6 =o Wa = 3 3m, +26m,

)

allm

) q = 60\»),-\ CDSUnt

Y o= Re [k
-ehrw,( =w = 38, 3m, tX6m,

6 :eo S\ﬂuy\t




[ :
Ua=ze<c s The

Instantoneous %nter)
2 MR\ 2 2
E=T+V = Z=mvgq +'—z(‘,T)9
N L \2
+ J’ik (Ss.t T LSIY\GB + ‘5 k (Ss;c‘LSmG)

- m\gl:iCOSe , Where  § gy

s The S'Pr;"‘j deflechon ot 6 =0, Subshtute

’UG‘ = %_‘6 oo the QXPV'-QQS!.M\ ~or E) set

JE i R
3T — O and  assuime @ s smoll 1o obtaw

S+ Ble -0

3 AJ
Se Wn = %-l—-z&—l.




8“01' From an equilibrium
PNy streteh 1

;Eix Sgt T ‘%‘<Z+Sine>

m

- TAVE Sma o+ "a:m(zi)?'— My sind
-my (Zx) + zk[ —%(2+snn6)+ 'x}
= —Sz-m& —rgx (Z+sn8) + =k L (z+ sme)+x]

Set A*: =0 4o oktam /x+ SM’X =0
Qe W, = k/sm




B/110| Let x denste the dowunward digplacement
from stetic equilibeium,

E=T+V = Constant .
T= (o)t + 2(z 80*25"'2%80(0'4)2)(%)1

= 185.6 %"~
= ZTk(2x)* = 2kx* = gooox*

dE .
Set “==o0: X+ 43.4x =0

. oz2w _ =2«

= 0.957
“n 43,1 —27 3



8| E=T.v = 2(% va)ﬂ(*’zf é?‘)
+= muZ + mqre (I-cos e)
But VYp=T6 and T = 5 Mr%  Aso >
from  Kinemetics | vE = 8*(¢*+ h) - 2rr, &tsd
Thus E =23 Mr® 4 Lm(rtent- 2rr°use)] 6°
+ mqro [1-cos 8] = Canstant
Set j%=° : Z[—‘}_Mrl+—‘2—m<r‘zw°l‘2rq<:os6]é
+ 62 Emrrosin 6] + M§% Sin€ = o
Smc\\ 6) é | e +[3M ’~Y23mr2r‘+r‘—2rr)]e =0
v o-21n,

£ = L my3 Yo i ]‘/Z
NT 2% | IMrt+ v (r-f )2




YN2 | Take V=f+,=0 at equilib-
rium position, where spring tension
’s 2(W2)= w

so for downwarc/ displacement x,

/r‘om equilibrium position,
-AVfAV (Wi, +—’-/<X) (-ZW
= Lkx} /05‘0 %3
T=2(71I cw?*
max (2 c ) (0 300/YZ

_ _ ! 2_ 7 2
where .Z; —.Z;‘ -3-m 4 =3 l.5x0.300° = 0.045 kg'm‘

T =0.0us Zine 2 g

max 0.09 may
Bult Xmax =X, &, for harmonic motion

So 7;4)“ = l'/nax gives xjrew? =5'2.5'x02
=328 =229 rac//S

£= Ln_229_ 365 Hz
2” 2 -



_8'_'|_:3J let V=0 ot 8=0 ) whdh Is Positun
of  stehe e“\x‘\\'\bﬁum-
E=TH= L+ Té° 4 My ‘%(\—Cose) Sinct
= L(l?mbt) 8t N 5 (\—Qo;e)sino(
= Tkt ety mjhi <\— use)Sin“
Set % =0! KT mbreo + rn3%_sin6 Sina =g

Small 6! é+(3§3;sin9()6=°

o ’3 Sk v o_ RY _ _2b
(IJ(\"’ ?.a:_‘))t’ uh - 2,” 335i'\°(




3[4 ] V, = Vg, +V,

) : =-m, Q(I-cose)

! 5[[m,=5kg - J L 7\ _
B2 N Zmza > (I Cose§
@. 7, = —(m‘-l-mz)jjl <|‘C05 e>

(6 small) = -(m‘+m2)39~ %Tz
V.= 2(%Ke?*) = Re*

Vinax = "(m\*mz)ﬁn e";* + KBY:M
[K- mime g g2

max
+ ) 2
= [500— '225.(930(0.?)] e;x = 433.3 6

max
Tokmu® - 2(5T8) = i, (1) 2(3 4,9
= -szl'f% mz>Qléz
-~ [\ 5 2'2 Y
Tm«x = (—2 + —3—> (0.83 equ = 4ﬂo7emx
- 4,qo*1(emx an)* = F.90700" 870
St T = Vimay & oktain wp= 40 vadls | £, =14% Ha




SZ,’HSI

: &)
eto O
T
lr
er-o GE
o

Tn Positin I, c\{ﬂ\mef m\cj[(r—Fcose) —(r—F)]
= mg (57)(1-cx)

Tn positin T, T, = +T,.6°
L= T+m (r‘F)z = Tomr o+ m(r-‘r’)z

2 2 — 3
ZMr +mr - Zmrr = E—%)mrl

Ty = 6’3*”‘% - mg %’HL("“W)’"L 3 "L)m?éz

2\T
Fer  Swall 3) replace  Cog & by |~9T2

For ;\G\Ymum’c oscillatl‘m) 6m‘x =0u,
3 Z - 3 2 rA
So [ I-0-E)]= (F- H)rew,

3
Wa= 0.3 T 0= 118y



Blilg | Lot y = amplitude of vertical olefrechon
J, r°
of frame g body
1—%)(0 = -37= Y, = corres ,aona’/nj 3bring C'/ef/o‘cf'/'Oﬂ

AV = Chj?njc 19 %f-/? e ar;é/ '/o Y, se
4v =2 (—2-)/270){—32:)/‘))2 = /20y, /7.6

= - £ /o0 e 2 )
VAVE 7;ndx Z 3z.2:/2 Ymax éa;‘ymax: KW,

90 ey = 2.33 Y w?
. 2 2 2
Thas corth Taae= AV 2.33y, W= /20y,

2_ /20 - rad - W 2.8
= Le= W, = ré4 =Y
7 wn 2.33 2N 718 S v 277 2

= [, 142 Hz



8l | Equil Pos. 7

m= 24 kj y+ \7-% Q
k= Ci(los) Nlm ‘~:l

b= 0.15 m
C =025 m '
Let y-= Maximum  downward. deflection of m
Bst

Stetic s'pr'mj defleckim  Ss¢ = Tl Lhere

mie
Ft: (’Fﬁm\ e‘\\k\\\ r\uw\B So SS—t 2Kb
S

A dded Sﬁrmj deflectn Is B/Q' Compression F

For each Spriny | aVe =hatthel aven
N - Mge .

N zk(“:i) 23 ( %) s \\

= a3 N

For hoth, it " ° o Ss«txbﬂ

AVq= -m R

Vo= K gy ey T K T m m ()

i sy _ 2ke*
Yoy = T e :zm‘*'n:) k <z, Wa=

)
3\(163) (0-15)* '/L
[,2;&3 C \zs)’- ] =16.43 757




518 =T

max
l{mx—mgh =mgt (/- cosfB, ) = mg((/z [/- £e+ ]) —-mg(/ﬁo
But 1P, =bb, 50 V| = 2Lmg 267 20,
8 = max. angu/ar twist

where 8= 8, cd cos b JA =£:w"

ax max
_ /1 /1 2\ 52 2 2
T Tou = 25 [261) 77 = L0,
2&02' '
Thus z’mg b{ =Z/-mbz¢9fw,:') w =39/




VY-Mx: mj?(l-Cos em)
V.—.o T:qux 2r
o = mﬁ F(I-Cosem)
G‘iF FOY‘ 9 SMG“)
Ic Cos 6= 1 - 82/2

Thus Ve, = M9 8y [
Te ¥t s E[TemGfet

=2 [ To-mr s M(r‘?)z:lwl = (1)
Tmox = "‘rz(l '—%) (w'\ GMW\)Z
Trnax = Vimay © me*(1- %‘)mnzenfax = m3r e':qx /

9 24y

2: = = -
W (- 2 ) T= Zm\/(T.TZ)_—'"_







2
ZSun= =

EFXw;x P —3kN-2CK = MK
“ 2 - K
X T m’X'\";iF-f\'X =0

o= 3% = (3l

100
= 45.8 rad]s

A
c = =
;W\Nf\ |00 (4‘5.8)
= 4580 N-s/m




8/122) \oy  yM =T,

-mqL-sine =[x mt*+m($]] 6

For small 6})

LXY 33
r = 0
© 51 8

my = ——2“‘;\ = 2’&\’% = T7.33s




l e S5 T
\ t = -
8//23 IA- = aAme T+ mC 4+ mr
2 2
Tp-n = ’%mrz + vt = 3 per

, N . _ 5 .
(@) K ZM, =T, 8 —YY\jrsm& —Imr"e
O AN . ﬁ_
r Small 6 @ 4 Sre =0
\ 3
r W= 2N\ 5
e
™3
® VZMQ =Ioé ‘ — mjrsine =§‘zm{26
B-8

. 2. _
Small 6 &+ 3I¥O TO

23
“nT \ 3¢

")



E=T+V = 5 MyZ + Mal(!-CosG)

+ 2("2“Ir04° e") + 2my -’;j (l—CQse>

m O/ O//
} . _ _\___
Pl | With Ty = mt,
L] [ d'E
= - st Pyl O to obtain
3 (M +wm 3/ Mim
S T(M+2m>e_o)w“_<\[T<M+2?M)




8125 | o6 = T34+ 54
° =25+ [ 3£+ 5G]
- ] L 2
Z md

k(bsin wt—ole)

e .
Y M= I8 - my %:-de

\ | .
"3 — kd8(@) + Kk (hs'\v\ u‘t—dze) d= "z‘molze

N mad {3 + 2kd* | 2XKb .
e + [ _[2: m&” ] 6 = - mi Sin Wt

Wy, T w =\/ <3 ko
[ n —_—
TP




8/126] 0y T M, =I,6:
O ~mjl sin (% +6)+maQ sin (%_-6)
=2mt?6 (@)

. . & .
sSin (12+63 = Sin & Cos® + Cos 2 SIné

({or O small) = SIS + O Cos 2
Simil
T it e
mq mg Sm(?_-63= Sin 3 - © Cos

The equotion of motinn (a) becsmes
e + (%Cog%)Gf—o

- 2w T
T W = 2«143005(,/2)

For «»>o, T 2«11[1/3 . Fora150° 1> o2




8/]27' From" ﬂ'\b@er\di\( b O'g = 2P/1f

o) :"—_:.'—'16,-?"\(.0-76->1

= my*—m (%{-Y’: mvz(l'%>
'_']:cz E + m(&l)

= mr® (2- )
E= T+\V = J{Ioéz Mg 06 (l'Cos 9)
=+ mr(2- ;ﬂé?‘ * Mj\" g (I- Cos ©)

Set dait =0 and QSUML Small 8

N+ A o = = | 3
o+ 2r6-0) -FY\‘ 21 2r

(Sqme, vesult Gs for Full  circdar ShoPa!>



8/i28 | \ | Fy =o"=> N= Img
ZFhy=mxt F-kx = mx ()
2T Mg =T8 : -Fr= Zwc*o (=)

K ‘F' Conttrawt @ = re ()
» Comeme (), @ § @)
» 2k -
XKt FTw™ =0
= My S:\‘r\ Wnt ) ’X =" ’xouxs;m”f\t\ "( :'Xo‘*’nz
XY X z NW
o - Mok _ YqWn
mayx r r
. I R NP
E\‘ (2\ FYM\JY\ Coen 6“‘%
g = Lonc® Ko Wt
Mo = MY - EMY. _ 3ugmg

AT Zk[3m k



8/:29| ZFR=mk: — Kx-ck + F= mxy
!':X"l _ 2
“ o 2ZMg=Ix: Fr= mKg

cx Roll with ne sl{P: /{f—rq

The ’X-Qquaﬁon reduceg to

2
N'“’D*-k;c‘;]’ii+ cx + kx = o

32.2

_ , K [ soy — 7 rad
DTN (e k) T ‘J?—‘*- (b 55y T
c

2
S = = 5.5t
zogm (1 L) 20258) 52125 )

§ = 00,0697




8/130 | | ZMg=T 6

~ k(re- o _ e
/ (ro-ro9) —Zk(re—rosé)r: m ke
(2} . Zkr2 _ Zkrr¢,¢°

0t TR Ot Syt
k(re—r‘&)
Assime. ©= equ cos wt \ S:Jostitute, N
and  Solve for QMA)\ = ¢° AS

R

where W, = —%- 2k



3/ 13| £gu ivalent spring constant (s k= /‘%S =3/a. b6=5/b/in,
Fr'om f? X//q

X= A“——; where Sy = 0.30 in.

/- (M/&J") _ 5
“n l/mZ" Vsjsz.zx12) " 75e

= /966 rad/sec
w=2(2n)=4n radfsec

(w/e), ) = (4r/19.66)° =0, =930 _,507in
w/e,) = (4rn/19.66) 0.409, X= ;228520507 in



8/132] For seismic ins‘tmmenf&)
X _ (W/wa)*
(R
© " B R T
For X = 0,75 mm S'—‘O-S) i::—' = %(3> =3)

) n 3
solve for b=5,= 0.712 mm




8133 | \lert\'c'c.L Vibration -
_ L [k, _ L [=2(e00 _
@:h\g 2'« = 2w\ /m : m&%y- 495 Hz

Rototion cbeut & :

Foree changes for pasitien
of stahe 2 wa brium |

/ ks“ ks = 600 (106)
= 60006 b
\o (6 5m<x\\> .
o TMe=Tabd -2 (60008) (1) = 122 (L0)%
© + 45708 = ¢ | W T 6L rodjsec
(o= “nlzn = 1675 He

re\l
Critical speed : N=wn= 1075(60)= 645 wia



%/:34 a=sin(FR) d=A— A
2tans g /4“'__11‘

= 4R /2
(*-8) @Y@HG\ E=T+V = zmﬂ)l) zMUc,

/ . \ ' ]'_e + mﬁk[:cos«-cos@’re)]
= M\ m +m3R[0c>s o = Cos (=6 ]

.\m 'W""j\ @/'»'
/hré:"”%{’ + M3A ]:l~ Cos 6]

dE . — .
Set 3€ =0 \ Subshtk V= Re )

Cos o = W/ZR . the abwe expression
for &, ond assume smll & o obhin

[2mR* + MR- Fm1r] 8 + [ger(m+E)]o =0
= =¥ > \/-ka‘ + MR*-ZmE

} VAR (m+ XY

UG_= d6

Wy,




X=Y =0 @ eguiL'Lbn'um
Spring compressed §  at &4

T A: XF—,)(:o : k(’X+S)'2PC05F =9
TT C: ZF3=0: "Z'Ps{n(j-» T =0
- Mass ‘ZF:J—MQ W\j T = YY\D

"‘3‘* So "‘fj = my - Z'Psm(S
= vy = K(x+8) ‘to\v\p
= YY\3 k(.’&‘\'S)
S (@x)y * ™ (x+$)(c+3) (a- x) g Q)
Now, @\—x) +CC+35 (ZbY' T et

aF—Rax +x° + cTr Ry +yt T ATt
= ayx = ey y t First arder, (2




[:’)QPQNL 0y
QU f)(\\j-k ‘;\Q'&+ ™ CS 4 m’&\\)-kms\\)—aj ’Xj
Jj =Yy =0 whem x= 0! L:“Qg—Qj (3)
With (R) and (3)

. o e kb o k < e c

Yo mYy Fmlay +m Qj3+7ngj“zﬁj
Nejled HOT‘-

ke

(15+—QJ+ mg\\j‘*’q\\jj:
USQ(2:Q\\3+';\Q,J C‘Li %j 0

5@ R (46 BZM:
With ac=0C= El__ :

AT IRy
W = 'H+E%




*?lel _ Kk |00
i wn“}' ™ =w/*';_‘ = 7.07 vradfs
50

£-= < _

2mon = 2E)0m) T Ted

- A, = =219
>‘\)z - wn[‘§¢ 5= ] i ' "z

) Ay = —zz.%l
-2.1a - 22,

X= A e Nzt A, e 22t
Determine A, and Ay Via initis] Conditions :
= - 01319 22T | 5 2319 7220
For & =- 005 m) wWe have

‘F(t\ = —0.131% ef2.|q2‘t + 0.23I9 Q—22.81t+0'05= S
£'le) = 0.2892e PP - 5259 e "22FIE

New‘ton‘s methad : o.1
t,= 0.0544 s o

or
t= 0. 442 s ~9:08




-)<‘8/137|“ o = [k/m = /RN/IO = 10.39 radjs

w
No= 1030 (£5) = 99.2 rev[min

£ 3
C = ~ = _rc;_; 60 N*S}m)' S=2C'mu,,=z?.:)(/o.sy)’_°ﬁg_7
= > &— = N
N VDB T RS 0 O Tag
i
_ ‘
Vo) 1% 26289357
_ 1
V- @) T [o.0osvzN]*
2

//\ § [Mineg[= 1501
@ N=190.6 "¢/
L \ h 90.6 /

" T TN

™

N

o N (rev [min) 300






$2/139] kIQ Eq. 4/13: (uwith P=o)
X0 sy - H, + F xma,

Jf. For <Small 8,

as Qv_ . 2
or O + cX, st _ _b_
m&}e + m,t e = Izw sin wt
Steady- state amfl.'tude :
_ w \ _ Mma nificat\'orl
®. - Mk(‘"n\ 1\ ) where M = j'FOLc:tcr
T )
- = A

W
Pen amplitde = 050 = Mb (G-} 32 -
2
Set up Computer Program to determine
rcmje, of K Hfor Wy A <15k, Nete

thet Q)Y\ = _‘%‘_ *_\'_\_ ZSNn = C 8%
T m o) m L

g= c \l_‘—
20, Vkm . Fnsawe: o<k< 1995 ;‘z"g

or




8/!4—'0|~Eq. 8/7; \k, + ZSwn3+ w:‘:) =0
Solution y= ﬁiex't—}- Azt)‘zt

where Kz = Wn ("S * *J 3™ )

e =l - v s £ o
. _Iz4 _ . - 80
@ ¢ 2(4)(1+i4) ~ Loy (99 26) (1414 ~ o1

(&\ Nkd! (vadampe&)
A= 414 (C1o%e Lot ) = -9 57
Mz 1404 (love- LowEr) = —z1p 57
Thnital Condition considevations
Yo = o= A +A, } > [, 00722 m
‘ Az = —0,0722 m

. -9.1¢ - 2.8t
Selution : Y= 0.17122e t_ 0.0722¢ m




by =<1 @nderdompeo{)
"S“nt '
Eq. (&) y= Ce Sin [wdt- «—W]
Wy = Wy '\“'Sz‘ = |4 I‘h/l- 0.'70'77'\ = 10 Nd]s

Tnitisl Candition Considerations :

yo= ol = Csin ¥ C= o 1414m
Yo =0 = ~Jun Csin¥ + Cuy cac®| Y =0.785 rof
Salcbon : y= ol ‘H4e,—°'7°7 (4. lﬁts‘.n [,0 L. 0.785]
= o 4lte sin Lot +0.75)
0.1
\
y ()
N Hay
&
0.0‘ N ‘H.._\_\_-
N
o C1® ]

—0;0'



x5/ ., N F=b
_/_4_‘_| bt ~kx=mx 62;—— kex -—-»-t

2§=mx. , 25].
X+%y-bt —~—
m m x

|
Sol. is x=x, +Xp, where 05 3/!4 Zs
Xe= G sinunt + cosat, %= Gl with Geb b= 825, 5,33 NJs
5o x=Csinw, b+ C, cos g, t+ 2t k= 90 Nfm
When 120,320 § x=0 giving G;z-2 ,  pfk=522 22. 00926 m/s

wk
(=0

{X‘—njlna) l‘+bz‘- = b(z‘-—-—.nna/ t)

where w, //c/m' /9070 75 =/0.95 radfs - = 0.09/3 s
Thus X=0,0926(t - 0.09/3 sin 10.95¢) m for First 34s

1.2 14 1.6

Time t s



%3142 II=dez‘ =mx, 8=4% k=2Zm/s at t=0

After impulse, oscillator cbeys £4.8/F with $=0./1<)
So underdamped with solution given /.07 £aq, 8//2
x=Ce T t.sl'ﬂ (gt +¥), C, ¥ constants
(==-CYw, e Seen t.:[n (wyt+¥) e twd cos /zda,t'+'f’)
where ¢, =/k/m =/200/4=7.07 rad/s,
Wy =, -//T)’_"': 7107//_——57;: 704 rad/s
When t=0,x=0s0 O=C sin'¥, V=0

Y X=2m/s, s0 2==C(0.1)(7.07)0)+(x704, C=0.284

Thus x=0.284 ¢ 277 %0, 7.04¢

300

X, mm

100 -

A
N\

0.0 05 1.0 1.5 20

Time t s
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