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Preface

The MATLAB programs given in the book, answers to problems, and answers to
review questions can be found on the Pearson Engineering Resources Portal:
www.pearsonhighered.com/engineeringresources/.

The programs and techniques presented in the book and the solutions manual as well
as the information provided at Pearson Engineering Resources Portal are intended
for use by students in learning the material. Although the material has been tested,
no warranty is implied as to their accuracy.

[ would appreciate receiving any errors found in the book, solutions manual or at the
Pearson Engineering Resources Portal of the book. The errors detected will be
posted at the Pearson Engineering Resources Portal of the book.

Singiresu S. Rao

srao@miami.edu
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ERRATA (FOR TEXT BOOK)
Mechanical Vibrations Sixth Edition, Singiresu S. Rao
(January 10, 2016)

1. Page 238 Problems 2.55-2.58 line3 change k= 10,000 to £ = 10,000 N/m
2. Page 239 Problem 2.65 Replace (a) by the following:
(a) Find whether the trunk of the tree will buckle under the weight of the
crown of the tree assuming that the weight of the crown acts as an
axial load at the top of the trunk. Assume the height of the trunk as / =

=10 m.
3. Page 253 Problem 2.121 Add the following line after part (d):
Assume m = 10 kg and k£ = 10,000 N/m.
4. Page 253 Problem 2.122 Add the following line after part (d):
Assume m =10 kg and £ = 10,000 N/m.
5. Page254 Problem 2.123 Add the following line after part (d):

Assume m = 10 kg and £ = 10,000 N/m.
6. Page 368 Problem 3.87 line 3 modify the end of the sentence as follows:
Replace “respectively.” by “respectively, and £ = m/M.”
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Chapter 1

Fundamentals of Vibration
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k)

From Frg.(e), x= 2¢ + L (%y— X1)
Q(""Qi

- Iz. x, + ll
Q,-f'zz £l+’(2

Vertical force eppilbrium from Fig.(h) :

*, (1)

F = F' + Fz (2D
(oment e.zu.i(tlan‘u.m akout (Fig.hd) :
Fp 22 = F ’Zl (3>
Solution of Egs. (20 and (2):
Fi= F 22' B, = __E__!i‘_-a (4)
L+ Lo ’ 2 £,+ L2
Dc'SFla-Lemen":S of springs K, amd %, are given Lg
x, = R _ _F L2 _ Fe F A )

k(L% X2 = —1:; - %, (0,412
DI'SF‘G—CEmen'l' of force F can be found using Eps-(s)
in Eg.(1):

P Flz 4 ﬂl__. F i
['-;—Qz 1, (1,+12) R+l 4, (L44e)

_ F (zf«, +1; 1<z>
@+ QZDZ kK2
The e&ina.Qz/Nt aprwng constand of the Syslom in the
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Eau.waalence of PO‘EQ“*?!CL[ energies gives
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For abar with flength L, Young’s modulus E a_nJL
@ cross-section A, the axial sé;‘f{ness(.k) s given by

AE (1)
k=T
when cross —section is solid cireulor with diameter d,
y 2
area = A= -WJA, (2>
when cross —section is sguare with side d .,
2 (3D
o.xeos = Az = A

when cross ~section {S hollow cereular wifh mean Aios. d a-no!
wall thickness t zo-t1d, )
ovea, = TTdt = ®d (etd) =01 ™ d (4>
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@ Stiffness cf o canktilever beam under o loenitnﬁ
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Srn'nj Sforce S 9iven bj F= 800 x + 4o x3 ad
static ev.u.f.x.bfwwm of the rubber moun'l't‘nj (x*) under

the weight of the elocthomie instrument is given by

E=z 200 = 8do x* + 40 x*g
v 46 2*> 4 800 x* — 200 =0 (2D
The roots of +he cubic e?j,wtan (2 cam be frrrd From
MATLAB of 5

x*= 02492 » —orl246 Lt 4. 4T7F 4
Thus He »talic eguih'lan’u.m Posiﬁc’on of the rubber moun‘f'(nj
is given by the real root of EZ-@):

x* = 0:2492 in (4>
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the Q’U”'VM finean Apring constant is:
F

200 .
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]
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@ F(x)= 200%+ 50 x* + 10 %? )
wWhen the Spring undergees a steady deflection of

x*¥ =05 in o\ur{nj +he o&:era:h'on of the €engine, the
fovce exerted on the spring can be found af

E = 200(0*5) + 5o (0'5)’—6—10 (o.s)3 = 1n3.75 kb (2D
Ezuivalami' Linear Spring constant ot ilf Af‘eo.&ﬁ
Aeacle.c.’u'on is given Lj Ea.(p'?) :

F
*
*eo = ""‘AF = 2@go + 100 X +30 x*
2,2 dx x:x*

2
200 + loo (0°5) + 30 (e-5)

= 253.75 Ib/in
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Let x= vertical
oluspla,cemenf

of mass M,

x,8= reSuH:unj
o[eforma.f'ian of
eafc"\ inc(fnec‘

Spring .

From egm'valince of Fofen&;ai energy, ) (x‘)
ékezx:3<’?’3kx*’>~; «ez-3

From 9eome{7rj > (1... )S) X + o — 280 x cos & (£2)

2 _o%xf coso( + 28 % - % =0

_ (anzj—x,s j7/2 E
solving (E8), % = a1 el M
Uﬁnﬂ the relation Ji-0 = 1- 9— »(Ez) can be rewritten o5

x = lt:oso([ii:{1“'(7'17('3—.x )}] (Es)

ziz s X

ASS‘ummg x 'L’o be Sma“. we wuse wminus 943n and ’nealecf x}s
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x K
X, = 2 X = =
x = = Z\=
Fz_ k.?.x?: e 5 F, k, ’xl 2*(:) k'x

Ezu;valamf Apring constant of the system C'keg) ok
point A can be determined bg considering the wmoment
e,Zuih'bn‘u.m of foxces about the pivot peint O :
A {
F(4)- R (3D -F(g) =0

- . Fz2 Fi o % kx _ 3
Feg+t3 7 5t 7 =3 &~
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F CSPrinj force an mass)
A

F= (k%) (x=%) + £, (%=dy)

Ny

1-15

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



%, ( Sin & /ﬂ)

Moment about the
Pf'VOf point O :
T = moment

= mg _é Sin © -(‘kl_.. 9“\9)_2_'?_
~ (%o Lsing) {
fmgﬂ g 2
(- L)

()

Denoting the eau.wolzmt orsionad Spring constant

14

of the system ot %Ki, the moment T can be
e&FresseA as

T = 'ke e (2>
Bj ezuwh‘nj Ezs"(t) and (2), we ob{-:a.cn

2
R LN N O
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When mercury is displaced by an amount x in one
@ 163 of the manometer (F3. 1.77), the mercury
column wiu uniergc a total Aa‘sl:(a.ce.mem‘: of 2%.
The \'na.ﬁhi{-ude of the force , due fo tfhe weight of the
displaced werecury, acts on the rest of the flucd.
The restoring force is given by

F= 2 VA x
wheve " 8 the specific weight of mercury amd A s

(1

tHhe cross- sectioned area of the manometer tube.

If kea devnotes the Srh‘nj constant a.,%oc.c'a.tzd
wzﬁ the res!:ortnj :FOTCE: the rES’rorc'nj force Can
be e.xl:re‘SSecl af
= x (2)
F keﬁ
Ezua-f't'o\"s () ard (2) 3:‘310‘ the Qacu'va.(ehf Apring

t‘_onsfa.hf (%3
4‘@8 = 2 YLA (3)
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When the druwm s o\:‘spla.be.al l:y an amount x= fom its
@ static ezul‘“\ort‘um position , the weight of the

S—(u\a\ (sea water) dt.SP‘a-C-QA (S given "j

= 5 (’“’4 ) = (1)
where ¢ is the a\&nSa‘('y of sea water amd g 45 the
MMM due T gravity- The weight, W, given by
Eg-(1) alto denotes the restoring force F . By expressing

the restoring force o4

F = 'Keax (2)

where *eg denotes the eguivalent Apring constant
associated with the restoring force. EZu.aJt'.'n3 1y and

(‘2. ) , we obta.in

d
= }W
i 7

2

(35
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*, K " ‘ _——;‘ 13
@ ky3 = == r-lz ey |
Ky, + K3 my \Y] ImZ
z .3
*,= Arg = T 53 . ¢ cigid
1 k23 ba.r
From lzinef:’c energy » (mgsslcss>
.2 2
s (86 + s(marm) (B6)° 2 4 52
From Fo{:enffa,(. energqy» m
{6y | 1k Gtk (fs6) = Lo, 8
kl( + 1<23( 26} + = k{_a + 3 k4(~36> = 2 859 4
4

. 2 ; 2 2 2
.o J-ea= m| g‘ + (mz’l‘m)Ig 3 ‘keaz k,g‘ +‘sz [2+k‘6+k4! .

=) @:ﬁ:_‘::::f_:_fjﬁf 10—

> T |—'e———,€,=ﬂ——>l

’kz= g_ﬁ-:-’TEt(J'*'t) * = T‘-EDA
2 Xg ) 42
t(d+t
k,= Kk, gives A, = 4 >
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@ @) sFr:na consSfant (s{-;ffness') of A"élg < i the Q-XI.al.

direction :
’k‘:-: A}E( = A}E s L =1,2,3 (')
4
B 7
k) és ) 2 3 F—"—-»F
/]

The reaction ak any PO('nt a..x.av\ﬂ the S{:ep‘beaf Aka.f"é due £
an axial fovce (F) epplied af point 4 will be same af F.
Hence the Aprings (S'\':iff nesses) corresponding to the
three Afeps 12,23 amd 34 ave B be considered ag servies
Springs: Im view of Eﬁ-(t), the ef/u‘.vnw /!Fr:'nﬁ
consfant Siven Lj E&- (1' 7)) become s

o { (- 1 & L2 {3
'k,;-_9 B 1<|+ f‘z.+ kg E(E+E+ ’A_3>
- b (I, A2 Az 4+ |, AAz + k3 A A
E Ay Az Ag
or EA A A3

k =
e@ K‘AQ_AQ -4 QQ_ A|A3 ~+ lg A|Az (2)

D S{:eps behave as series Aprings .
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=2 3 Ezu{vw‘eh{' SPr:’ng constants
A usinj 525" (,.co) and (..m),
‘ 3

T—\AAVN—
J-€——>-F
— NV VWA—
%
[§ S
"
g5 —AMAAV— ¢
k%;:'Zk
6
“W'\(W‘—-‘
6
L R R
1e E—le 2%
z4 %3
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@ (w) 'I-org.onaJ S‘arxnj constant oy sti _F-fnegg O.F S’t‘e‘oa_ 'S
- N TRAE TP (1

2

gz 32 R

(b) The reactive torgue ak amy point along The ,gta_ﬂ,e,,’
Ahaft due & om c—dv)w&-z.a‘ 'f:a’l&we T ot the freeend
will be T. Hence the torsional si:a‘ffne:seSCXPn‘nj/s’)
Corr&SFonAfng t the three Af'e[as (2,23 amd 34
are b be consfal?-rec' o4 JSeyies springs: In view
of Eg-(1), the eZu.(vaien't torsional Apring Corghond
given lp:j Ez-(mv? becomes (Eg.(m-z) s fo be
interprefed for torsional Springs):

| ! o 32 (L1 A2 &)

\
o = = 2 — p
Keg Ky | kKep  ¥ez o wa\ pt P Pz
4 4 4 k. h
- 32 ( l)DZ D; + Kz D‘ :Dg =+ /(g :D, Dz)
6 i p A
or
4
k, = TG D, qu D3 (2
“t 4 4 4 4 )

() Sf‘e.las behave ags series APru‘ngs'.
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(@ F = F dF .(x—xo)—(soox+zx3> + (s00+6x ) (x=1°)
o F - Xo + ;_7(_ Xo - x=10 x=leo

~ {100 & — 4000

(b ok xX= 9 mm: s
>Echt F9 = 500x9+4+2 (9) = 5958 N
- N
Approxima,\‘:e F9= {too x9 — 4000 = 5300
Exror =—0-9735‘Z

(C) ok x= (1 mm: ;
Exact F, = sooxil+ 2(ny = 8l62 N

Approxrma.%e Fi. = Ul@o x 1t — 4000 = gloo N
Evvor =+ o-75'96%

f:vf= constant --- (1) foferen{';"a,ffon of (YE&? gives
‘l? v o+ 1’ r v dv = o
Cl? = - 11-;)’- Av —-—(E’_)

dma.nje in volume when mass moves Ly dx, dv= _Ade --- (E;)
Ezs.(EQ and (Eg) 2ive Af:—. ?YA i z
v
Force due to pressure change = dF = dp.A = _L)%_f\_ dx
Srrinﬂ cans{:ami: of air sprina = K= _SJ_E =(! Y'A2'>_
h %

Egu.ivaien{: spring constants in diffent divections are

*s kg K kg o
Kes = T A , ke =(—1<_:_1_<-—) ,
Ks kg + ks k7 + Ko kg g+ Ko

- k( K?. 1‘ - kg kl‘
k"'(k,«-kz) ’ €4 (kg-n- %4
If the force P moves b:./ x, spring kocoted of @; undergoes o
Aispla.ceme,n{: of x. = % cos 9; (Jeriv::.\‘:u‘on as n Pml,lem 1.17).
- 2 4 2
Epuivalence of potential energy gives L ke x =1 Zkes X;

4 » i=1
keg = Z (’kei S e,:)

=1
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'kax -1 —
Let fhe Aink ODABC uthergo o xmaﬂ am.i,ukﬂh

ol.csfj.a,ww e oAb ihown in above £rgure- The

Spring reaction Forces are oalts indicoted in the figure.
Ezu'\(l'bn'um of moments about the Fc‘vof Pofnf O gives:

e () e (D) = k% () + F(D =0

or F= f;_'...g._.;. /k2+'4.:3>x (1D

If keﬁ denotes the ezw'va.,!.wi' SpPring comsbomt
of -H-.e Leek a.la-r\-j the direction of F ok Fo"nlf’ C,
we {-’to.ve

F - 'ke_ﬁ x (2>
C—.'Zua.ifm (1) omd (2) 9ive

“‘ 2 f2 - 1 2, 3 %
keg = 3 t 3 F k3 = -3—+—3_(z4<)+( )

kep = oo« (2
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@ SP”"‘? constant of = *‘nelicai "l’“""—ﬁ (S
k= ————-Gd‘, (W)
g N D?
Assuming the shear modulus of steel as G=7%3GP,

Eg- (1) gives , for p=o:2wm, 4= 0.005 ™ and N= (0,

. Y (o005 4
= (773 x167) (o DA e watn Nfen

g8 (10) (0-2)°
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@ @) D and d: samefor both helical springs
Weight of o helical Bpring is:
2
W= 770D Ezf—l YN (D

where 7 = specific weight of material of spring.
For o /Sfe.e\ /ﬁPrCnﬁ Wl'Hﬂ ); = 76 '% 1<N/~m3, tte
wé ijM‘ is (for N/‘ =16):

2
w/s= ﬂD(T_V_g‘:-)N,‘& :WZDO&

2
= 19125 x 16! W D 4

(2)
For aw olueminum /Slan‘nj with }2 = 266 ’kN/ma, the
uueijl\t 2 (for number of furns N ).

w,, = WD(TV__;‘Z) N )/;_, - 72D 4" No (26-6 x:oa)

- 665 %10 ™ pd*N, (35
E&uoii—ﬂ-j @) amd (3),
4 2 z _ 3 2 o{z N
19125 xt0! W Dd" = €65 %0 T D o
or N, = 1i-125 7"0:, = 287574 GD
. 6'65xi10
P SFer ?onS’-&h{' of o 'f-.ei{co.l /S(pn'n.j 'S
= Gd'/GnND?)

For o steel Apring with = 7933 G Pa>

4
g = (793 moq)o\/{s(’o) ’Da} _
= 099125 x10 4%/ p3 (3
For an eliminum /"’Jr"nﬁ with G= 26.2 GPo,

sz(ze-zno?)o\"/{ g (28:75%4) D?}'
= o-'ll39 xm? dq/Dg (6)

Ezs-(s) and (6) indicelz that the Spricy corshant of

steel Apring 48 0:9%125/7 139 = 3-TokE times farger
tkan that of edlirminum Apring

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reservl&zfﬁs material is protected under all copyright laws as they currently
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x

o =
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P A Lith f= 14 dor air

From Problem -29, =

Let p = 200 psi ) v )
(200)('.4—)_6_ = A = 0.2679
v 2

&= 15 Ufin = 5 ]
T _ .. .
Let diameter of pisten = d=2inch ; A= T (2) =3 1416 in

V= A%/0.2679 = 36 840§ in’
Let hz= 2inch ; %V_:pz(z)= v D> D= 418429 inch

Feax+bx®=2(10%)x +4 (107

s dF *
Around x : F(x) ~Fx)+ = e (x—x)

When * = 10~ m, F(x') = 2 (10%) (1072) + 4 (107) (107°) =240 N

—

d¥ |y =a+3bx? =2 (10*) +3 (4) (107) (10~*) = 32000

dx
- = -80)N
Hence F(x) = 240 -+ 32000 (x - 0.01) = (32000 x B
Since th(e )linearized spring constant is given by F(x) = keq X, We have kg = 32,000
N/m.
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F;:cu;_x;-f-fn,; 7‘;_3 ; 4=1,2

SPrings' m_.series: ;
W-O-'tsl“‘hs‘ (1)
W= ay 8+ by 87 (2) —
= 8§+ &, “4)
Salve ng-(l) and (2) For LY and 8§, ._—5}_
respec'&(vely. Substitute +the ,.esutu; . .52
n Eg-(4) and then in Ep.(3) To

f'fnCl "‘gz '

SFrings mn parwlLel:

W
W= Fl + FZ s .
3
= o« 85-& + L\ 85.& -+ OJZSS‘E-F Ez Ss.‘;
= % 8t _
89 S ;‘:1
2 2 l
w

keﬁ: T L( Ssk + O, F L’Z 85{;
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4
* = G d zsxlos‘\’/m ’ %26 ;3 N = lo
8 D3N

W= TTDN /S ("_EZ‘:'_L> where p= weight per unit velume

2 i
J:‘.1.=-"‘ fi = 1 G d 3; > 04 Hz
2N 2Vam2d*N° £

1 3 — a. >
Using g= 73.1 x10° N/m? » f = 76000 N/m? , 2=9.31 m/sec”,

; =0'4,0-6,.- values of
%=6,~8,:o; N=10,15.20 s d =04,0-6,.-

% and §; are crm':u{:ec'.

—

Combination of ‘ﬁ"" 6, N=1Io and d =20 m, co\'reslaonc’i'ny

t" % = 8-4¢o06C xnog N/rn -a.rw' ;f—'iz o-4801 Hz,6 Can be
‘{i,tlc&n ai an ax,cer'l:w“e Jes"'gn.

Total elongation (strain) is same in each material:

x
€g =€ = ?‘ (1)
where x is the total elongation. Equation (1) can be expressed as
Ts & & (2)
E, E. ¢
Eg x )
or 0O, ; 7
z 4
=7 (4)
Total axial force is: 5
F=F5+Fa=o-sA-s+o-aA-a. ()

where F. and F, denote the axial forces acting on steel and alu -l uné, rezl.)ectgily,k:li
) i he two materials. Equating I to
epresent the cross-sectional areas of t : . :
?vi::adkAa (i‘egotes the equivalent spring constant of the bimetallic bar, we obtain from
eq

Egs. (3) to (5): ]
RN

EsAs | Eada 5)
or keg=—7—+—7 (
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Ly

Let the le ngth of the
Spring be 4. Spring 'S
undeformed ok 6=0-
when tke end A of
the spring is olc‘s[:la.r,e.&
by an amount 2 af
Ahown in the £13 “Te—)e-al
gpring is streteh
l:;fhlae :mouhf (\‘412—(- xz — 4 > so that the force

in the spring () is given by

Fg = «(g'ﬁ”-‘-ta — %) (D

The compcnen-l: of the /SPr:‘nj Lorce F/g a.lavﬁ e
direction of x is given by

2 2.——/"?(
F¢=F,s/gi”9=,'_/g"‘_§'—-——= k(\(’fn-f-x )

b Tt =
= K (1 - h ) % (2D
pie

Eﬁ;@.ﬁ'o‘n (2) Ahows that te force - W
Sy (in te x-— direJion) (s rienlineayr + T

the cedefion s linear, ave Cou(o\ Wr[{"e

Fx = (15 x (3>

A (_amdaoj'%ﬁ'no’g_ Eps- (2D omd (3) ghows That
the Apning Conknd X S not o comslamdt, but

J.edaen,alé on the au/)ﬂaw x.
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From the given datas, The force ~deformation

Tensile :Force(F):N o toco 250 330 fg4go 570
Defdrmoaiion sf AP

o 13 33 L L é4 76
(%), ™™

Q‘}x.ﬂ-ﬂ% in W)
,Tke force - de formation relation is P(OH"En n tee

£igure Ahown helow: The velation can be feen fo be
Y\eja-\’(j [inear with the Apring constant given I:y

F ~ 5__——-70— - 7.5 N/mm — 7500 M/m v
=S = T7e

F(ND

f‘

400

200

> X

(mm)
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r(x) = (0.1- 0.05x) m _L

2
T e Lo-t_x:.
o'z.ji M/ T

< 1 m —,\{
) i ‘on x = 1.5708 (0.1 —0.05 x)* m*

J= T 4 — area polar moment of inertia at section x = 1. . ,
s i the ends of a uniform shaft of length
Knowing that the angle of twist, 0, between Jomath ¢

is given by 8 = —=, the angle of twist for an element of leng
under a torque T is g1V re¥i
be expressed as .
Tdx _ T dx , 1)
“Gi (80 (10°)) 1.5708 (0.1 — 0.05 x)
i i i =0 to 1 as:
The total angle of twist can be determined by integrating Eq. (1) from x; 0

L T dx ={ T )‘ dx 2)

= J' 4
- 4 12.5664 (10%° 0.1 — 0.05 x)
? { (12.5664 (10'%)) (0.1 —0.05 x) (109 | o (

df =

1 -0.05 d_y

— 4.6667 (10*) wherey = —0.05%

T (4.6667) (10%) _ 7 (g.3714 (107%)) rad
"12.5664 (10'°)

Henece 0=

1 8) N-m/rad
This gives ks =7 = 2.6925 (10%) N-m/r

. .. L
The steel and aluminum hollow shafts can be treated as two torsional springs In paralle
e stee

For a holgw shaft,
T 4 4
= D* —d
kt=32¢ ( )

= d hence
For the steel shaft, G = 80 (109) Pa, ¢ = 5m,D =025m, d = 0.15 m, and henc

= 1_(8_(1_02))_ (0.25* — 0.15%) = 5.34072 (10%) N—-m/rad )
o the s = ° f=5m,D=0.15m,d=0.1m,an
(ov) For the aluminum shaft, G = 26 (10°) Pa,
hence

lr_(_z_s—(l@)— (0.15* — 0.10%) = 0.207395 (10%) N—m/rad
keq =k 33 l(i) — 5.34072 (10%) + 0.20739 (10%) = 5.54811 (10°) N—m/rad
= X4 2 .

kt2=

(b) WI:'&"I G= 26 (109) ?a,o, f‘: Em, P=p:15m anc? c‘: o0 M,
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k‘l: = (26 x10°)
2 32 (5)
é + 0.255255 xi8
ké&’ ké‘-bk‘tz = 5.34072 X100 + O

6 N-
(""54’ °'°54) = 0.255255 x10 N m/fad

6
= 5.595975 xio
n-m/rad

-~

. Gd*
: For helical spring: k = YIRS

(122 10°)(2*) _ 1 388,89 Ib/in
64 (10)(6%)

Spring 1: ky =

4
1 = _(_"i}__lgi)_(l.l- =50.00 Ib /'m
Spring 2: kg o1 (10)(53)
(a) Spriﬁg 2 inside spring 1 (pa.ralle.l): keg =k + kg =1,438.89 1b/in
(b) Spring 2 on top of spring 1 (series):

1 1 1 ke + k1

——

1o 2
keq ki Ko k; ky
which gives keq = 48.2625 1b/in.

. 7
For o helical spring, %= G

64 N R®
(12 )cwé)(t)‘r Uv/
- = 86806 in
' 44 () (67) °
4
(‘l&loe)(o-s) _ 325 %/,n

1‘2 = 64('0) ( 53) Up/‘
(@) Spring 2 inside spring 1: 4<33= K, + Tp = 89931 n

. . | _ v ,‘_..
(5) Slorl'nj 2 on foF of Spring 1: _1;-;-& = x ‘s
o Ak, =t k2

. 5 .
ey " o 86806 (3125 _ o i Mbfin
U et ke 86.804 + 3125
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7‘-2 = y Sin 300

%, = Y ces 300

Eauivmlence of strain energies: ,
. 2 2 0
zkezy“ikz’fz*zk“ z k1 ¢ .
45 M Y sin 30

‘:'e') ke@ = _43.-— 'k"(‘ J— ’kz

4
) é
with e = AEr _ %V_ (!02_ 9.57—)(30 x10) = 2.297295 x|°6 U,/.'n
- 2, loo
and

™ 2 2 &
4, = Anga = 7 (7°-635)(3oxe ) _ 2.12058 x10° b/t
2 75

=3 (2.297235 v ) 4+ 4%(2-!2058 *10°)
%

=
S

= 225311625 xw® %/
Sim"(a,\;('j,the eauivwle’.n{: a\a,m‘pinﬁ c.ons-‘.:a.hf: can be :flouno' as
(using e?)uivwlence of HKinetic energies):

= I/L—SE n.
C%: %C‘+ z'_- ¢ = (o:4) +2‘f—(0'3> = 0:-375 ‘/

3
4-
o 74106 %/inz , G= 15X 166 u/fnz

Stainless steel: B =3

D= 0.30", d=o0.29", A= so
Axial stiffness= AE _ T/ p*_4*) E
f 7 4_( ) 7

H

6
= _15 (a.soz-o-zsz)(iis%'i—> = 27%0- 316 MBfn = *a
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Torsional stiffness= E_GE (- 4%
32 :

= m (s wie’ ) (o.so"—o'wq) = p3.1942 M-iVaa =k

32 (50)
For heat exchanger with ¢ tubes:

— e —
— —— ——— i — — e v wnew wwn m— e e— —
— — — —

Axial stiffness = g %, = 16,681-896 ﬂv/fn
Torsioned stiffness = ¢ L = 139-1652 u—i“/ra.al

| Assume smell a.ngles 8, and 82 ; o, =(-;L>9,
2

Xy= horfgonfa"— Ju's;v'a.ceme.nt': of C.G of mass ™My = e, Ny ‘, . rz/
Xy = vertical d,-s-lecement of C-G. of mass m, = @,V = 17 z
4 = Aon‘éont@l displecement of springs K ard k= 9, (r+1)
Y, = vertical displacement of springs g3 and k=g, 4,= h129/ b,
Ezua'valence of k.'ne{:.'¢ze.ner3.‘es gives , .

1% 6)Y =4 a6+ 156 et mGE) + £ (%)

2Ty = a4 % (BB tmnt s m (B/BY
Eguivalence of potential ‘energies gives

2 2 2 2 z
Tkep 0 =Lk, X4 Lk +% kg0 v+ K 4
Wi{:“ 1‘|z = &+ kz , k;l{- = ®3 kq,/(ks + k#—)

7= 9|(r4+‘!>, &= pla 6'|/{’2 and 0, = he‘/fr

2
o ke& = (*+ k2> (y,,+9,)2 + (——k-?—f'i‘> b

2 f
2, + Kk L.
k3+k‘f 1,1 * kf‘ €2 Pz.z
o
o= % - = %

2
From egw‘v:uleme of kinetic energies,

2 .
2 4 L2 1 4 i
-’i-megx =-—zm,_7¢i+_zmz7c +—?_J;,e

me, = ™y (%)z + My + J;(%)z

i}

2
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@ Let &, = angular velocity of the ‘motor (input)

Angula.r velocities of different gear sets are:

--------- l'""“'“""""‘"“r'fj'."f"gr"‘&_""'""—'“-
Tmoter » I ; J2, 3 ' 4, ‘JTS_-_ :-____E__zfl_)__l_of'é__________
--------- TTU N b s | L. /Mon -t
. \ -(m) ) n hs : e(____; zN)
% ) Selme/ ) ‘-"—z'"_q)_l_-_-_1_‘__5‘1__'14____:";'1 e
e e e e == = e e = ==
Eguivalence of kinetic energies gives
_L oz vz ZN L ‘ J_ -Z
ZJ:’-Z 8; ="z£°Tma£cr e; + 2_ F'J 9.,‘ + % “%ead 91“",
1
%y = (Fuotor * )+ (B (5 )+ (‘72!*"75)("2 Ty
L Man-inZ
o + ( 2N + Iaa.c’)( nZN
u_(va_,lencg of Kinetic e.ne,rgfes 3|.VE$
% -2 1 2 2 P whevre @, = e,_(‘l’:)
ia-ga 61"'—?:3—1_91 +’z 2 2 nz

2
ny
Jez’ Jy + J—2 (-;2)

When point A moves by distance x =Xy, the walking beam rotates by the angle

by = =
- 3 xp €2
This corresponds to a linear motion of point B: xg =6, €2 = A

and the angular rotation of crank can be found from the relation:

i 1——r?—sin29
xg =T sin O, + &4 cos ¢ =r, sin 6, + €4 7 A

For large values of ¢, compared to re and for small values

of x and 6., we have

=~ i =r.0.orf, =—=
xg ~r.sinf, =t Uc e =T 7t

The kinetic energy of the system can be expressed as
-—-é—mhxh+—-.]b Bb +—'J 9

2 1
Equating this to T = - Meq X =— meq xh, we obtain

B, e )
meq=mh+?g'+¢ 631‘0

1-37

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher




(3

X .
When mass m is displaced by x, the bell crank lever rotates by the angle 6, = -71- This

. . ¢
makes the center of the sphere displace by x; = 6, {3. Since the sphere rotates with ou
slip, it rotates by an angle

x, 0,6 xb
===,

The kinetic energy of the system can be expressed as

2 2. .x?_
o 7 zt
e +EJO6 s 3495 S ( )*Lz"*(‘x.)
= mx-(- 3'( >+ (—-—"3‘“,;)
2 2 thisto T = — meq x we obtain
since for a sphere, Jg = 3 my 21' Equating
N o |
Meq m + Jo Smﬁeﬁ
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When the M._g,....l.an Pos(h’on of He Crank is @ f£rom x- axis,
the a.n-?U'{a)'& Posl'i'u’on of COnnccf‘c‘ng rod d, Ahown tn Fig.
I'lol, s given by

rsime =8+ £ singd (1)
The x- and Y- coordinates of piston (X, Yp) are
given bg ‘
xp = rcose + L cos ¢ (2D
(3>

dp = &
The x-ra.msl y- coordinates of the center of mass of the
connecting rod (%, I can be expressed as
X, = ¥ coso+ f, cos & “4)>
Y = rsine -4 sin g &)

The =- omd Y- coovdinales of the center of mass of

the crank are Given by

x, = % ces © ()
¢D)

yr = % Sin 8
differentiation of Egs- (1 -G with respect te time

yields
reose & = { cof @ ¢ or 9§=‘;“cc::: e (&)
%, = ~rsine 8 _ Lsing ¢ (3)
jl’ =0 ()]
a'cc--..rcc'neé-ﬂ,mnqsgé D
Y.= r cose 6 — £, cosd @ (12)
Using Eg- (8), Eg-(7) can be expressed as
Xp= — Y Sne 6 — Zs.'nqb-‘i- :;‘; ]
= —-ré (sino+ cose tan @) (3)
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5‘.'m:(a.r(5, using g @), Egs- @) and (2D can be expres:se.al
at

:Ec=—ré(&tne+ %—Me fam ) )

Ye= ré %’— ot 6 G5
Finally dif feventiation of Egs. (6) and (1) yields

Xye= — 4 SO 6 (16)

y - T : @7)
9 = 5 ose o

The kinetic enerqy of the system (T) can be e&[:resseo( os
.2 s2 .2 L2 g2
=i (mp+p )+ T76 +Lm (% +J )

2
.2 . 2 ' 2
+3 TP +3 ™M (%pt Ip)
2 2
2 [ 2
— T + 2 ] + 2 ] AZ | ."—
..-‘-Z—mr_z‘_g +3 J.6 +-2-mc{($m6+——-co$6°-ﬂ"¢

2
2
.2 a 2 .
+ 2 %1 Sin 6 cos 6 fam B) ¥ & -f-%cosze e }4—';_02?’
+ li ™, (v‘sa‘:e éz-{— }lzs:nz;ﬁ ¢;2+ 2vl sine sing 6 ¢) (18)
If the gzuiva,\e,n{' r‘o'l"a.t’ory c‘nerf:l'aa of 'H-ie. Wl\ole sys{fem
about the Point O is o\eno’l'eol ol 3;8, the kinetic energy

of the system (T) can be written as

2

By ezua.'\’t’nj Eg s s) avd (19), the e@uinlent' rafa.f’o\"j
inertia of tke offset Alider crank mechanism can be
exPreSSe.ol oA . ]

=L m.ry T + mc{ (sin“0 + %—; cos’e fam ¢

‘Tez - 'Z" 2 .2 a
Lo . E : 4, 2 2 T, # m (St‘n29 r
+T$m26 M¢)r 1‘——;—605’6?}“' Cé2+ P
. 2 .
2
+ lz sin @ %i + 2rl sin o sing —g;-) @°)
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In view of Eg.(8), Eg. (20) can be rewrctten o4
2

Jé 2
m, r'z..'- Jr + m, r2{ (Sinze + —-é—iCosze fam @

Too = —
e& 4 X
2 2
Le o o L, 2 } r* cos @
+ — Swn 20 —2 cos @ + I, — ——
f ¢)+ ﬁz ¢ ﬂz Co$2¢
2
. 2 s ©
+ m,. r (s.'n"‘e + Sin @ co — +2Sn@ sin & cos @
cos ¢ cos ¢
or 2
2 2 .2 2| 2 2
D'ea=7"—mrr +9}+mcr{($me+ ?cagebfn?{
2
g' N -[- Qz 2
+ 5‘"26M¢)+__—cos6

£‘L

|

2
+ T r* cos e . (s:n’e»f cos @ fam &
Qz Co$z¢ P
+ sin 20 tam ¢) (1)
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@ (a‘) LE":_L F: = damping force of Ci= ¢ (".‘z_" 5‘-,); i=1,2,3
F: E:' 4 . .
F: Cz Fea:. da-mfn'ng force Of Ceﬂ - Cez (xz - ¢|)
x f_[:' — z,
!

e Ce% = ¢ +Cz2+ C3
<b) —ﬂ‘E—_CE‘:}—zE—'—'* | Fi= ¢, (2= %)
o b e

Fp= Ca (%3~ %2)

F+ Fot F3

- — F, = ¢ x _;Lg
:ﬁ _|'Tc 2 3 (%4 )
ea . V L -
O.Cq-—;t: = '5(,,,-—-:23 § ®3 - *2 t X, — %X
' F
Feg B LS
c ) ° " ) !
; I R L
SUR ) o
( C) Ezua.‘&fﬂg the energres A.‘gg N Pa,f_-gal in as cycle,

= e f

Ceg = ¢+ C2 (1__23;_)2‘_,_ C3(%>2
(d) Epuating the energies dissipa

ted in @ c.ycle,
2
™ C-ée% W & =

2
z
T Ctg @ 9-L+ T Cp, & G, F ™ Cp3 @ O3
ny
——-“. = — -
Wlﬂere Gzz e'(“Z) Qnd‘ 93 9!( >

nz
= C c (“l )7‘ 4 Cog [
Ctey= Ce1* Ter Gy, 3

e

n3
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c, L1

F'9- (@)
PIZ777777 777777777 7 7L L2,
< {y re— 1, —>
/
Frg- (k) F

}‘_—“ £y —‘—"’l"‘lz""l

Let x,, %3,x = displacements of points A,B,C

in Fl'g- (a')
F‘: - force Gf ola.m}oe\" L 5 = 1,2

From Flj (@), Q,_ Z\ .
= = (xy- = x, + * '
T L\""Qz(xz 0 l.-l-fz ! £+ 1, *
O.M-A ‘w"‘c'e 2 1\ . (2)
e — z ]
il vy PR T P M
For Ver(:'t'cal ;Forb& QWLMW (Fl'j- b) :
F=Fi+R €D
For moment e—v'u'll'brc‘um about Pou‘nf c’ (F.‘j. b):
Fz 22 = F‘I gl (‘f)
Egs-(3) and (4D give .
Fla _ FA
F= Py F - (s)
' 2‘+/Q2. 2 f,"'fz
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Velocities expe,n‘encee\ by Aa.mpe_rs:

¢ Fi _ Fle @)

%=

-Z_‘- C.(Q,-;—,Q,,)
FL
C CZ(Q.-('L.‘)

-
»
\

velo C”’_‘I o} Ioou‘nt' ¢ (or force F) can be :Fouh_p\ using
Egs- (6) amd (1) in Ep- (2):

2

—

& (Rt L) Ca e D
The QUJVGM clwfs‘nﬂ conskard of the system in
the direction of 2, C,, is given by

C,.= F - (ﬂ|+ gz)z C Cao

e et
2 2
L ¢ v 2, €,

a
x

®

(7D

2
F £, + F 2, @)

€))
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Damping constant desired = ¢ = 1 Ib-sec/in, viscosity of the Auid =

p=4 preyn =4 (107%) Ib—sec/in®.

2d
37D e(1+ =) 1)

c=y, D

4 d
—® ! Assumingx:D/dastheunknownwith ¢ =2in,

di- —Ad| Eq. (1) can be written as
3 —b 371—(2) 3 E_ 2
c:ﬂ[”fﬂm?{) o 1= (G ard O

is gives X° 2 _53,051.52 =0
- +2x 53 . . . . 1 as
ITJ]:il;ggIZe:r;;I and error p’rocedure, the solution of this cubic equation can be foun

x ~ 36.92. Using D = 3 in, we get d = 3/36.92 = 0.08126 in.
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p = drameter of Prsfon
g = axeal fength of piston
d

vadiel clearance

c = pf 3:;):1 (1+2 %)};

= 45 Iureynolcls

]

(:Frarn S"'n'jlej".f mcclﬂa,m‘ca,(
Engx'nee.ring Desfgh)

Let J=0-001’/’ D= 2.4’/ and above ezua;u‘:aon gives

5 -6 3 (z~4)3 { 1+ 2 x 0-00| )}
S

~ f= o0.6817 7.
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k4
Te . . _ D
@ angentiad velocity of inner cylinder = 3 & “ﬂ)w
For small d, rate of change of velocity of _

g 17
plid is gu . B o 1 EleT
dr o A= 14
(ind . ATy Fil4 J/
shear stress between cylinders is 4 o olb
v _ D 1= =1
7:,"‘ dr '/* 2d //:-—_‘\%‘:__":':;
and shear force is ™ p o (1-4) / ;;;/—/‘/'///
Fz T-Area = ¢ WD“"’”)" 2d

Torgue alevelopec) = My = F-%

For smell 4, rate of change of
velocity of fluid in verticad direction is

dv _ raé
dy %

dv _ pre
Shear stress is T=H dy A

Force on ovex dA = dF =T dA

Tarzue Letween bottom surfaces of c.jln‘nclers is

3
Mgy = ffa[m .dA where dmg, = dF. r = /f_"'r“?- dr de
- t2
L’
area D/z 27T w0 TTD
/LL
ey My, = /fT"‘T f f v3.dr do = <z h
r=0 @=o¢ 3 D
Total + = My = Mg+ . mpred-h T/
ota orgue = My = My ez =3 o

EXfY‘eS‘S'fng Mt at C-e v o= C CJD/Z , we 33’!: Ja.mlainj constant:
2 3
¢, = wp 0" (I-4) L Tp°
2d 32 b
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@ 2 3 '
F= t0coo v + 400 v + 20V (1)

Ta,j(orfv serieg expansion of Eg- (1) about The o,aer‘a:hnj
velocity v* = 10 wm/s gives the [nearized A“"’“F"“‘j
constant (C) as [ see Section |.3-2]:

v v=

For EZ' 4J,
2
dE ._.(woo + oo v +60V)V=V*=(o
dv L v¥

= (o060 + foo(io) + 60 (loz) = |5000 N-'%' 3)
Hence h‘nea—rl’ZeJ Jampfnj COHS!’@\«"' |5 o(e}l.he.cl Ly
Fzcv itk ¢= (5000 N-5/m.
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From Problem 1-60, the linearized damping constant of
the Twe o\a.mf’ers {$ given loy c = 15000 N-3/m (for each).
When fwo dampers ore connected in pavallel, tke
%uivwlent damping constant is given by (see

section 1.9:3 and Problem 1.55):

ceg = ¢ +Cy =2c= 30000 N-3/m
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From Problem 1-60, the linearized damping constant
of cach of the fwe dampers is given by

c= 15000 N-S/m.

When twe dampers are connected in series, tke
eguivalent dampiag constant is given by (see
Section 1.9°3 and Problem g.gg):

[
Ce

2

|
Cz C

]
— +
7 &

or C ISooo
e& 7 = oo A\'\
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Force - velocu‘l'y relation of the damper:

F= 500 v + (00 v2+ 50 v3 (D
Linearized damping constant of fhe damper of fhe
o'nera.,{'inﬁ ve(ocﬂ'lj v¥= 5 m/s is given l:j (see
section |.9-2) :

' 2
c= =(Soo+2oo v+ts'ov)’v*=5

dF 1
dv (v=v*
= 5060 + 1000 + 3750 = 5§52 50 N-5/, €D
I:F l(nea.n'ze.o' a\awnpl'nj constant (¢) is used at an
operating velo city of (o w/3, the damping force (F)
is given by
F=cv = 5250 («o).—.sz,soc N C3)
The actual damping force given by the nonlinear
damper, Eg. (1), is

Fa.da,l = soo (10) + coo(toz) + 50 (loa) =¢5,000 N @)

Thus the error nvelved in efhma,h‘nj the damping

force 1S

65,000 - 52,500 = |2,500 N
or -‘—-?'-'——5—9—9" xioo = l3’237, (unc!er—csfc‘ma.h'arg-
€5,000
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Tke o(a.i’af axe PlOH’d n o <3rav|°h al /Kﬁo-\ﬂh below- The
damping constant of tke damper is given by tke slope
o} the force - ve(ocﬂ'g Line :

c= £ ~ 500 . 3 995.9 N-1/,
v 0:155
700 K

G oo |
500 e’
4o0 |
(N) 300}

200 +

100 |

& [ 4 M " " 4 + 3. ] ’d —}
© 0402 o0y 006 008 o0 012 oy o+lg 0418 0020 0422

v (m/)
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Flat plates in Paxa’“el with lubricant Silm in between:

surface area of fop plate (A) = 025 m*

Film thickness (4‘!) = |5 mMm = ogolS m
Vu’SCOSl'*'g of lubru‘ca.nt (/,;.) =05 Pa-5

@) Dawmping constant ()
MA _ 05 (025> _ 93.3333 N-£/p,

C =
h o0-001\5

([,) Da,\'“l"‘“j force o\evelape.o( Wl'\en vz 2 ‘m/g;
F= cv = 83:3333 (2) - 66-6666 N
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Tor$f0no.ﬂ o(a.mpc‘nj constant of J'ournax bea.rinj:

viscosity of fubricant = u- 0.35 Pa-+
Piameter of Shaft - o R= 6.45 m

Length of bearing = £- 0.075 m
Bearing clearance - d- 0:005 m
Rotational Speed = N= 3000 rpm or = 31416 ”"d/s
Da.mping ’f‘or”a.e Aeveloped (T):

1. 2TRRAW o (035)(0r025 )(0-075) (314~ 16)
- -

= 0'l6l9 N-m

0:005

Torsional ala,m[al‘nj constant (Ct)’

T »
C¢ = — = 01619 = 0:0005153 N-m-Z&
W 31y 1€
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3
Torsional ala.\mp.‘nj constant = Cp = 27\’/40[2 4
2
Damyinj f‘or?/u.e o\eve(opeel = T= Cf W = 2T"/AR j X

d
Ranges of parameters:

p= 035 % 5/ Pa—s > (c-3325, 0:3675)

R= 0:025 %+ 5) m »> (0:02375, 0:02625)
£= 0075 £5/ m => (0:07125, 0.07875)
d= 0065 5/ ™ = (0-00475,0,00525)

N = 3000 £ 5/ rpm or
W= 31416 5% radfs = (298-452,329:86¢8)
By Lus«:ng ol PoSS-’He combinations af- lower amd

wpper bound vadues of the five parameters (a MATLAB
pregram is written for this purpose), the ranges of
C{: amd T are found f5 be

Cp > (0:0003798, 00006924 N-m-—4
T (o134, 0-2284) N-m

These c.orresporad‘ to Perceni’ totad flud’ua.’l’t'ang of

C{: . 0000 6924 — 0:000379¢%

x 160 _ . .
(€4) mean = 0:000 5153 = 60:6637/,

0:-2284 - o-1134

T = X (0 = °
= Tt
(T)meah-;o'lé‘q 03‘5/"

MATLAB program and output are shown on J"-'o“owfnj
page.-
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clear all; close all; clc; format long g

mu mean = 0.35;

R mean = 0.025;
1 mean = 0.075;
d mean = 0.005;
N_mean = 3000;

w mean = 314.16;

variation = 0.05;

= [mu_mean*(l—variation),mu_mean*(1+variation)];
[R_mean*(l-variation),R_mean*(l+variation)];
[l_mean*(l—variation),l_mean*(l+variation)];
[d_mean*(l—variation),d_mean*(1+variation)];
= [N_mean*(l—variation),N_mean*(1+variation)];
[w_mean*(l-variation),w_mean*(1+variation)];

s e Hs
II‘:

=z

il = 1:length(mu)
for i2 = 1l:length(R)
for i3 = 1l:length(1l)
for i4 = l:length(d)
for i5 = 1l:length(w)
ct(il,i2,i3,i4,1i5) = 2*pi*mu(i1)*R(i2)A3*l(i3)/d

Hh
[¢]
Pt

(i4);
T(il,i2,i3,1i4,15) = 2*pi*mu(i1)*R(i2)“3*l(i3)/d(i4)
*w(i5);
end
end
end

end
end
Min Ct min(min (min(min(min(Ct(:,:,:,:

— = ’
Max Ct = max (max (max (max (max (Ct (=,
Min T min (min (min (min(min(T(:,:,:
Max T max (max (max (max (max (T (:,3, ¢

e ae e
LU S Y
o es ee

~— e w N
~ e as ae
— e s
P
~— —
— e

Min Ct =

0.000379828829490285

Max Ct =

0.000692439904555133

Min T =

0.113360673819034
Max T =

0.228413766435793
EDU>>
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Assumptions made:

1. viscous §luid s incompressible.

2. velocily of Ppiston is small.

3. Mass flow rate of £luid through the orifice s Known

in Terms of the pressure difference across The orifice:

mass Llow vate (@) = JAJ ()

where o is o constant, known Frow experiments

[see: B-R. Munson, D.F.Young, T+ H- Okiishi and ”
W.w. Huebsch, "Fundamentals of Flurd Mechanics,
¢™ gdition, Tohn wiley, 2009].

The volume flow vrate of the g£luid through the orifice
can be expressed as

;Q_.:AV (1.)
£

where p= density of £lud, A= avea of piston surface
and v= velocity of piston. ‘In view of Eg.0) , Eg. @) can

be e&PreSseo‘ al
Jap Vap

- A v oy Y= (3)
[ xp A
Since the piston velocity is atfumed & e #mall, the
force on tke piston (F) can be found as
= £ %)
= Ap-A = —
F P or Ap A
USu‘r\J Eg,- M\ n Ez-@): we obtain
V= _E—-———“‘ ovr F: D‘z‘szg vz (5)
oL p A2
Thus the force - velocity relation is given by
F=cv (e)
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2 2 13
where ¢ (s the damping constant (Cc= ot § A )

the? ls Tl'\e dq_mr.‘ns ‘S:Oru (F) s PfOPOYtl.ona/l f'o ‘—ke
square of Ve-l"’CH"j- Hence the damper is
nownlinear.
2. The damping force- velocity relation , Ep.(¢),
can be l.‘nea.rn'zeo( a-bouj- """3' aperafﬁwg ve.lacx'i'y

(v*) & f«'no‘ an approximate Lnear o{a.m,m‘ns
Constant.
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.2
F=a.fc+b1°c2=d:é">i+0.2x
F(x) ~Flko) + — |z (& —%)
X o P 0.2 (25) =30 N i‘f—l- =(5+0.4%) |5 =7 and hence
Atx0=5m/s,F(xo)=5(5)+ 2 ( A %o

F(x)=30+7(x—5)=7x—5. o . B
Tgn)m the linearized damping constant is given by F(X) = 7 X = Ceq X OF Ceq =7 N—s/m.

Damping constant due to skin friction drag is:

c=100 u % d (1)
Damping constant of 2 plate-type damper is:
= )
®=%

= di the plates. If the area of plates (A)
— area of plates and h = distance between s. 1f ' A)
Zlh;l'; Al 42 ?sr taken to be same as the area of the plate shown in Fig, 1.107,We have A
¢ d. Equating (1) and (2) gives

d
100 p €2 d=———-‘”§ (3)
. 1
from which the clearance between the plates can be determined as h = To0?"

3 - =
h 2 a 5

When p = 0.3445 Pa-s, ¢ = 0.1m,h=0.00l m, a=0.02m, and r = 0.005 m: .

8.2—1'2
s  —h
c=67r“€ {(a—.l_l_)z.—rz} * h

0.022 — 0.0052
6 7 (0.3445) (0.1) | iR 2 _ 2| | 0-02° —0. — 0.001
— ((10_3)3 (0.02 = 0.0005)? — 0.005% | | =t -
= 4,205.6394 N—s/m
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A3 2 Lk
Basic date: [:la cm, ’A:g.pom) o = Q_c,m)rr:' g5 tm,

lu = 03445
Damping constant with basic data :

c= 4,205-6230 N-3/m
(0«) r cha—ngeo‘ to 4 em; wmew c= 2,617.7920 N—S/m
(k) f ckamgeal to 6:.05 ecm; new c= 35,060-8%10 N-3/m
) changed fo 4 ¢cm; new c= 38,754.5860 N-$/m
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Let Linean velocity of
point A be 2. 1Tf &

is the cmjmlah‘veloci'l'j
of fke bar about fhe
vao{' [oau‘nE 0, the knear
velocities of points
A,B omd C o Given bj

]
1)
Yo

(1
]
D

%,= L, = 0.25 @ o

Damping Lorces ok points B amd C are given bg

Fo= C2 %, =075¢,0 = o075 (I5)6 = 11.25 &

[ 4 . .
Fl= ¢ % = 026 ¢, 6 =g4:25(10) & = 2-50 €

ASSuming e,ﬂa:va.lzmk Wnﬂ coruifant ot peint A og
c@a) ‘(‘ke :farce F can Le, &&Freggeol ol

F = Ce& 'i = Ce_& é
Mement eaw:libn‘um e,v,«.a.t'an about the Pc‘Va‘l’ fcoin{’ 0
3iv<-:‘s

FQ = F| fl.-(-Fsz

or

Ceg 6 (£) = 2:5 e (0-25) + 11:25 6 (0.75)
oY
Cez"' S9:0625 N"s/'m

1-61

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



© ¢

F 1

For f'wo a\o.mloers n Seéries ., — <
thke e&u:vaiwt a‘a.m‘ru'ns c I-—--—- I l—_..l
constant is 9iven by eg’ Pt . Ce82
——!—-' - { + i 2 2277 P2l LAl S S
C c, ¢
or C - &
e — o

For twe dampers in laa.ra_LLel, the e&uivw‘en{: demping
constant is given by

CeZz: C,+Cp= 2C3
Thus the system can be rer(a-ceol Ly t#e two e&u:vaiemf
otcun[oers wn Ioa_rolﬁd o5 /%f—aoWn in the fc'gure okoave -
The overall ev/.ivow o(cuwdm'nj constant is §iven 55
c€g= CQZc"' cega 5 9"'+2C2

2
so that
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' x = 5+2¢ Ae"e = A cos@++« A An®

Acso=5 A:ﬁA cos e)z+ (A fin e)" = J52+ 92 = 5.3852

Asno=2
:sc':sz) tan' (%) = 21-8014~

@ ;1"1*'2"' _-_a,ﬂ_-l-o.. s R -x2_=3-4-z =51+Lz4.
§=a+;z= (Q1+L1)+L(@2+Lz)= 4 - 2 4
=Ae':e = Acoso+ & Asin®

A= \/4’-+ (~2)% = 4-4721

o= tarn' (2) = - 26-565¢

/ 1—(3 41),22-—(1+21)
z3=1 —Ip = (3-4i)-(1+2i)=2- bi=Ae’

—B _
where A =V 2% 4+ (—6)? = 6.3246 and 6 = tan™ [—2—] =tan~! (—3) = — 1.2480 rad

\ %3 =1+2i, 2o =3—4i 5
. z=12 2, = (1 +2)(3-4)=11+2i=Ae

where A = V112 + 22 =11.1803 and 6 = tan™" (2/11) = 0.1798 rad

“m _ 1421 _ (14288440 5+10F _ g0 g45—ad’
T3, 3—41 (3—41)3+4i) 25

where A =V (—0.2)% + (0.4)% =0.4472

and § = tan™! [——— =tan~} (—2) = - 1.1071 rad
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x(t)=X2coscut, ¥(t) =Y cos (wt + ¢)
X

(a) = = cos® wt, %— = cos’ (wt + 9),

2 ;% cos¢=2coswt_cos(wt+d)) cos ¢

< ¥ Xy
——+? 2XY cos ¢
=cos? wt +cos® (Wt + @) —2 cos wt cos ¢ cos (Wt + @) (1)

Noting that cos® o = % (1 + cos 2 @), Eq. (1) can be rewritten as

| 5 Xy
—2
X2 +‘Y2 XY

=%+%—cosZwt+%-+é-cos(2wt+2¢)—2coswtcos¢cos(wt+¢)

cos ¢

2wt —2wt—2
=1+-;—{20052Wt+2;)t+2¢cos w 2 d’}

—2cos wt cos ¢ cos (Wt + )
=1-+cos(2wt+9) cos ¢ — 2 cos wt cos ¢ cos (wt + ¢)

=1 + cos (2 wt+¢)cos¢—2cos¢{?12— [cos(wt+¢—wt)+cos(wt+¢+wt)]}

=1 -+ cos ¢ cos (2 wt+¢)"'cos¢{°°5¢+°°3(2‘Ut+¢)}

=1 — cos? ¢ =sin? ¢ ‘ (2)
(b) When ¢ = 0, Eq. (2) reduces to

2
2
2 P _,xy _|X_T|
X2 Y’ XY
which gives X = :I:)—.;- y. This indicates that the locus of the resultant motion is a
straight line. When ¢ = —721, Eq. (2) reduces to

2
X 4 ¥ 1
X2 Y?
which denotes an ellipse with its major and minor axes along x and y directions,
respectively. When ¢ =7, Eq. (2) reduces to that of a straight line as in the case
of ¢ =0.
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Equation for resultant motion:
L3 -I---yi—2—;£—%-cos2 ¢ =sin? ¢

Y?
(2)

When y = 0, Eq. (1) reduces to ra = sin? ¢ and hence:
x = + X sin ¢ = + 6.2 = OS in figure

(3)

When x = 0, Eq. (1) reduces to = = sin? ¢ and hence:
O]
(5)

y=:i:YsinqS=:!:6.0=OTinﬁgure
It can be seen that .
OR =X cos ¢ = 7.6 in figure
08 _Xsind _.0s=52 08158 or ¢=30.2072°
OR Xcos¢ 7.8
From Egs. (2) and (4), we find
X ="V (Xsin ¢)* + (X cos ¢ = '\/(672)2 + (7.6)* =9.8082 mm

6.0 = 9,4918 mm

Equations (3) and (5) give
6.0 _
sin sin 39.2072°

=
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@ (@) =(#) = A_cos(sot+«) m where A is in mm oo ()
x(o) = A

= g- - —— - (g

7668 COS X = o0-003 , A cos o 3 (%)

x0@)= - 50A sinx =1 s A Sin & = =20 ----(E3)
fooo

A={(Acos ) + (A sin x)? }1/z

- 4. =1 (A sin x -1 . = - 81- °__1.4219 rad
& = tan (m = tan (—6 6667) = - 81-4692 =-1-4

x(£) = 20-2237 cos (5ot -1.4213) wm
(b) cos (A+B) = €os A cos B — sin A sin B
Eg- (E1) can be expressed ds

= 20:2237 ™mm

2(£)= A cos 5ot.cos ( —ASsin Sot.sin«

= Aq cos Wt + Az sin wt

where w=50, Aj=Acosa, A,=-Asin
oox(t) = (3 cos 50t + 20 Sinsot) mm

x(t) = A, cos Ot + Ay sin 5t M
F S

2 .
%({;) = _ AL @ sin Gt + Ay cos wt , % == A5 cos ot — A, " sin et

é_?.-_x— _ 632 x({;) where CBZ {5 as consfa.,n{:
= - 7

Hence %) is o simple farmonic wmotion .

(a)) Using trigomowmetric relations:
. 2, (£) =% (cos 3t cos 4 ~ sin 3t sin L)
xt_(t) =10 (cos 3t cos 2 — sin3t sin 2)
x (&) = xg(£) + %, (£) = cos 3t (5‘ cos 1 + 10 cos 2.)- sin 3t (s sin1 + 10 sin 2)
If x(t)= A cos (ot + ) = Acos ot cos X — Asin wt sin

(3=3; A cos & =5 coS L+ 10 cos?2 = - 1-4599,
ASing = 5 sin i +10 sin 2 = 413.3003
A= \/ZA cos a()z + (A sin o()z' = 43-3802
. -]
— pan-l (ASIPZ Y - tan”t(-9-1104) = 962640 = 1:68 ra.d
o = an A CoS ¥ ) . o 57.30_38.9649
Angle between x4 () and x(t) is 96-2640 - =
(b) Using vector addition : Im

For an a,rbiéra.ry velue of

(et +1), harmonic motions

%4 (£) and xz,(t) can be shown
as in the figure. From

vector addition, we find 1 vad-]
x(t)= 13-38 cos(eot + 1.68) 3++z; .
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' ‘complex numbers: "

(C) Using comp L (ot 1) 2 {5 e,,_(am‘:«- 1) }
2,(6)= Re {As € } = Re st emy
x,(t) = Re {A, pt(WE+) ) _ Re {10 € }
If x(t) = Refa et (@FT O],

A cos(3t+x) = Ay cos (3t+1) + Agcos (Gt +2)

e 4 (cos 3t cos « - sin 3t sin ) = 5 (cos 3t- cost - sin 3t Sin 1)
+10 (Cas 3t. cos2 —sin3t. sin 2)

te- Acos o= 5cCosi+10 cos2 , Asin« = 5 sinl+ (0Sin2

A= 13-3802 , o= 1-68 ra._c! b v 168
x(t)= Re {13-3802 e‘(3 }

£)= 10 sin (wt+ 60°) = x4(¥) + Xg(t) _ .
*®) where X4(t) =5 sin(wt+30°) and %2, () = A sin (wt + «°)

. ]

£ sin Go°) = 5 (sin ot .cos 30°+ cos wot-sin 30)
. o

+ A (sin wt. cos «® + cos et -sin )

10 (s:n Wt cos 60 + €os €9

0 Cos 60" = § Cos30 + Acos o’ 5 A cos X° = 0:6699
o sin go° = 5 sin 3+ A sin «° A Sin «° = 6-1603
A= 0‘669521- 6"503zl = g.1966
o = tant ( 61603/0.¢699) = 837738
X, ()= 6-1966 sin (wt + 83-7938°)
O =< ()= 3 cos %t-&- sin Tt
1-86 X(k)
A I ™ S 1
. = icos —E-'I: (1+4—.5m zt) }
From the nature of the
gra.‘ﬂ\ of =x(t), it /
can be feen that x(t) ' ' | .t
IS PErfoJ.fc Wl.'klﬁ @ 0 1 2 3 4
time period of T= 4.
2 lz‘ A.!

X(t) = —w? =(t)

If x(t) is harmonic ,
Here x(t) = 2 cosat + cos 3t ‘
%(t) = —8 cos 2t -9 cos 3t £ - constant times - x(¥)

x(t) is not _harmonic
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1.88

x(t) = § cos Tt - cosmt

%(£)= - I cos Tt 4 T cos Mt # - constant dmes x(¢)

o x(t) is not harmonic

x(t) = x4 &) + x,(t) = 3 sin 30t + 3 sin 29¢

Since Sin A 4+ Sin B= 2 Sin ﬁ.‘%ﬁ cos A-;B s
) t
x(t) = (5 cos '_ti)sin 522 t l'r.(t) sin 22t 6 cos <

f _ N {/
This ezu.a.fl'on shows ér . - e P
that the amplitude [\ h , \ ,'ﬂ ﬁ
. \ \ \
(6 cos %) varies with YA A S+

[A Y4
time between o maximum ° U/U \\U \ ' U’\{\U U\,JN
value of 6 and @ 4 P 4 y,
minimum va.Lu.e Of O, -6{‘/ .\- 4 \L-7
The frequency of thi i,
oscillation (bea;l:

freguency) is @,= 1.
Note: Beat freguency is twice the freguency of the term
---- 6 cos_'g_ since two peaks pass in each Cgcle OJ(_' (6 cos%).

The resultant motion of two harmonic motions having identical amplitudes (X) but
slightly different frequencies (wand w + éw) is given by Eq. (1.67):

bwt S g dwt
2 2
Thus the maximum amplitude of the resultant motion is equal to 2X and the beat

frequency is equal to dw. From Fig. 1.173, We find that 2X =~ 5 mm or X = 2.5 mm
and

x(t) =2 X cos |wt 4+

w27 TER_ 27 = 0.374 rad /sec
% Tomt  Tiage 2 (126 — 4.2)
] 2w 2w
or 6w = 0.748 rad /sec and w + < = = = 6.2832 rad/sec
2 Tsmaller
Hence w = 6.2832 - 0.3740 = 5.9092 rad/sec. Thus the amplitudes of the two
motions = X = 2.5 mm and their frequencies are w = 5.9092 rad/sec and w + fw
= 5.9002 + 0.7480 = 6.6572 rad/sec.

A= 005 m , 9 = 1o HZ = ¢2-932 ra,;l/gec

exist.

eriod =7 = 20 - _21T  _ o.-1 sec

P @ 62-832

mooximum ve(o::t'f:y = Aw = 0:05 x 62:832 = 3-l4l¢ m/s

maximum acceleration = A w? = 0.05 (62'832)2 = (97-393 wm/s?
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d/ sec
- 45 Cps = 94:248 1@ ) .
('.-" = Po.s } = 05 (9'31) = 4-905 \'ﬂ/sz = AW
. . = O 522 wm
A':a-xa.mplﬂ:uc'e = 44'905/(94. 24,3)2 = 0:0005

- . m/s
Sf.,m,x = MoX. ve(oci{:g = AW = 0-05204 /

2
. % = — St
¢ = A €8 oL ""max:Azo.ZSmm,x_ A
% - ,

2.
;M:‘ Aw?-= 0_4} —o0' 4 (q.@:‘)m/s,z = 3.924', rm-n/g
2
2= 8924,/ 0,25 = 156 96 (rod/9) y
S
ts= 125.2887 vad/s = (25.283%7 /o710 V&Y

. rpm).
= |9:953 95 rev//s — H96‘3682 r‘ev/mm ( P )
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xwy= A %t
_of
x(1)= 0:752985 = A ¢ e
ey
®x(2)= 0226795 = Ae . (2)
pivide Eg-(1) by Eg.(2):
0:752985 Ae’"t
0226795 A g2t
e e°‘ = 34965
or o« = hog 34965 = 12517 3D

From Ezs'- () and 3), we :F«‘no[

A= 0:75298% = 26328 D

- 1-2517
e
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DCSF(a,cemewb = ()= {8 cos 8t wmm

@) Freguency of harmonic motion =9 = § ra.o(/,s

2 T 2 Tr
Period = T= = = —— =0.7854 4

(b) Freguendy of oscillation :

- gvad/s = 2_ Hwz = (273
@ / 2T
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Mo tion of the machine=z 2 = 8 sin (5t +1) >
Using the formula for sin (AtB) , Eg. (1) can be
written ok

on (5t+1) = sin5t.cos 4 + cos St: sin (2)

o.\'\ol 41€h ce

%z 8 Sins5t-cost + 8 cosSt: gin 4 (3D

Ez.(‘a) is in tke form

%= A §n s& “+ B cos 5'& C‘f)
with
A= 8 cosi = 8 (0'51103) = 4-3224 D
ored
B 9 sint = 8 (0:8414) = 6-7312 ¢)
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®(t)= ~3.0 gn St - 2.0 cos 5t ()
Eg-(1) cen be expressed in the form
x(t)= A cosBGt+¢)
= A S5t-coA g — AsinSt- sin g (2>
Comparing corresponding Terms 5¢ Egs- (1> amd (2),
we obtain
A cos g = —2.0 (3D
A sing= 3.0 4>
Dividing Eg. () by Ep-(), we find

fam;d = - I'5 or ;zs_-:_.se-ao??o €

which gives
cos g = 0-5547 6)

Ezuwt‘-dM @) omd ©) give

_ =20 2-0
A= Z¥° o T _3.4055 )
Cos ¢ 05547

%x(t)= A cos (5t+¢)
= - 36055 b (5t -56-3099°)

I

~3:6055 o8 (5t- 0.9828) @)
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D(gr:\a,oe—men'lz :

x () =02 sin (5t+3) ™m
Yeleceity:

2(t)= 1o et (5t+3) m/%

Acceleration:

2
;(.—(f)= _ 5.0 SN (5’& +3) m/A

AmPh’eudes of aln'slala..c,e_men‘t , velo c('l'j omd
occeleholion ane:

& z
. = O ™M
A« = m Y = |0 ™ 14 5 /g
max 0:2 2 e ! //§ > ma
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xX ()= 015 stn 4t 4+ 2.0 cos 4t
By expressing Ey-(0) as

% (£)= A sin (ht+¢)D

n p)

= A (sinkt cos @ + cof 4t sing)

we obtaimn
A eos ¢ = o0-15 )
A sin g = 2.00 (3D

EgS- @) amd (3D yreld

"'ow\ 9!: 2-90

= 133333 or & = 85.7108

o'\5 = A
= (- 4959 v
ond
_ 0-15 0-15
Az — = ——— = 2r0056
cosf 0-0748

s %X (t)= 2:'0056 sin (4t + 1°4959) in
Velocity:

% (+)= 8.0224 cof (4t + 1-4959) in/sec
Acceleration :

%(t)=-32.0896 sin (4t + [*4953) in/sec?

Amplitudes of drsplacement, velo ety amd accelerakiom
ohe:

xma.& - 2’0056 'n

. — * z ihg
gy = §r022H /see

® max = 3%2°0896 f“/SecQ'
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x ()= 005 sm (Bt +FD m
®(t=0)= 0.04 = 0'05 sin ¢

or sin g = 2:04 =08
0:05

which gives
# = 53.1301° or 0.9273 rad
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2(£d= A 3n (61 +¢) m (1
2 ()= GA cof (6t+ @) /4 (2)
At t=o:
x(@)= AsSng =005 m €D
%(0)= GA cotg = o-a05 ™[A &)

Divide Eg. (3D bj Eg,~(‘f) 4o §"ncl

t__j -05 =10

o 005

O = fam' (60) = 89.0451 = 1-554) rad (55

Ezs- (3) omd (3) give

A Sin |-554] = 005

005 3
oY A= = 0:05 W™

0039986‘

6>
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Freguency = 20 Hz = 20 (27) = 4o T rad [¢
Amptitude of acceleration = o. 5§ 2= 0.5 (9-8)

4-905 m /[ 5%

\

If 2(t)= Asin wt,
x(tYz Acw cAh Wt
:Ja(t): —-A(az An wt
Iv\‘\ fhe W CaAl ,
2 2
AW = 4-905 <= A(qu)

4-905‘

or A= = 00003106 M = ¢-3106 mMm

Go ™"
hence the dicphrsement x (£), velocity = (£) o
occeltnalion ¥ (&) of the machine are given by
% ()= A gin Wt = 0:3106 sin 125.6640 t U,
x(t) = AW AWt =06.03903 o5 nS-6640t ™4

X (E)= —AC Simwot =~ 4.9047 Sin 125- 6640t ™ /52
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(9

’)(max = 0'§ wmm
or -— . - '505 m 2
Xonax = o 59— 4 /S’

Lf %(t) s o hormonic ;Func:l'a'on,

x(t)= A sin wt
ond .

Z(t) = —AW sin WOt
For the given date ,

A< 0'5 mwmm = 0:-0005 mM

ond
.905
Aw = 4.905 or 3= 4:905 9810-0

0°:0005

Hence W= 99.045¢Y ra.ol/g = 15:-7635 Hz

= 9458121 rpm
Hence the rotational speed of the rotor is:

945:8121 Hpm.
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47t
1 — cos
27t _ T , we obtain
Using sin 5 R
t 2
< |t 1 7 amtly,
er_l__icos‘“rt dt ________247rsm . |
Xrms ——f 9 T |12
T %

' . .ty = % ). t/z
For_even functions, =CO 2% e 2 [x(e) sinmst
From E-(1-73). bn = 7 );"(ﬂ ' Ty

= _z-{f x(f) sin n@t:ﬂ: +ft;/?£') sin nwf.dt]
C T o
' oz ---- (ED)
Since Sin (—nc.st) = — Sin (nCJt>= odd fu.r\cffon of t,‘ the
lm:dud: of x(¥) ond sin nest is on odd Function.

Q-YIJ
Further, for an odd function pE), FCEE)=- F(8),
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fwf(t) dt = f}(t) & + f?(t) dt = f,c(.e) dE +£f(-(:) dt

- o

= _f @) 4t + f g(t) & = o NG
Eauaa'!:tons (Ei) o.nJ (E ) leo.cl {‘c b =
Also, since cos nest is an even function, we 9et
> t' 'r/z
oy = -%— f/{c(t) cos nost dt = % J;x({:) cos not dt
-/

For odd functions, = (-t) =-x@)- A

O - >

From E&g- (1- 72) Qn = -g—f (-(:) cos nast dt = £ f-x (t) cos net dt
Since cos nwt is an even function, cos(-nwt)= cos (net) >
the product of x(t) end cos net is an odd function.

Hence @ =0. .
Further, since sin ndt is an odd function, =(t) sin n® is
an even function and  hence

b, = 4 f/z({:) sin nat dt

n
. ﬂ\"‘('e)
x®)=] A ,Z<tcv (@) : %
z -
A\x((:)
% £
xf): E .?’..E (b) = : 3
; . o -A}x(t)
2 ShA — 9
7 >t
xec)..-.{ ost= 72 () . L 1L
z <
2A, -z—f‘\‘.'_ T Qx({—)
1A, oS t< X ) zA‘ ;
f: Tz 5 r
x(t) {o,%sts% \ z
37 . t2 T
2A, 7 <
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@) x(t)=-x() , odd Function , hencc @ =wn=0

o

b, = '% jz(*&) sin not - dt ——fl: fs‘m nwt-dt +A Sfln nwt J.f]

cas m&t nwf e 2A /- (oS nast)
_ -zA (- ) A %
— _E_A-—- ( cos NnTT — cosQ — cos :ZnTl‘)
T Tno L
oo i
L sin (2n-0N@

(b) %(."t> = x(%) > even fund:uon 5 ‘Aencg Bn-; o

N SRS PO GRTIO MIRTD PR

o
© 4k
= % [ %) cos meot
n 0 v s ) .
- 2A sin nwt _ sin not 4 + Sin nw 3r/ ]
Y ° &) A
4%“. for n=105%.--
A ZSmﬂ—ZSm-——-l-SmZTrn
o * + 1 —4%-“- fa'r n=317l ”)"'
3 t
A 2 D) 2T (n-0D
e x('k) - L Z — ‘COS ———%——‘_"
T =1 (2n-1)

T
i t =2A
(C) an=%£x(t)olk= —;‘,—[O-f-LA (#%]

‘ - 4‘A Sin ﬂwt> g
CUn=—zt7J;x(4;) cos nwt dE = 7

i . - 4A (COS naSt)
bn="'2—g f z(t) sn nwt M = z,

neT
0

A - cos mr)
- 4 (cos 27Tn

2
"w’qu Zm: 1 sin (Ln'l)w‘t with w0
c" x(f) = - ——-—‘Tr - (2“—-|)

(J) x(-t) = x (t), even function , hence bnp =0

%= = fz;mau: —[zA (i—a)+zA(?: T )]

O

Oy = % f x(t) cos nwt dt = nwz’ [‘“" "“9€> ("" "a’t>3'r ]

0
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. 3nT

= 2
nwi o0 _.|)n+' z‘n‘(zn—l)t Lith w= 27’/3.
K A = cos =
s o= =t (zn-1)
T
V t < 5
’)C(t)={Asm2-_T__;__ , o = < Z
z
: e S wt %
| 2
T " 2 A J’%S;nﬁ"} d ='z?é<_%r'ws7)o
z + = 24 =
o, = 2 fox() 2
- 2A
=
%% _
; 2 AL .-
@ = 3 \y"(") cos not dE = ?’? j Sin 2T,?‘:-c.::s nast . dt (o)
n T o * sin (m.fn)w‘b +5l.l’\ (m—-n) Ut ,
Using the relation sin moot . cos nwt = -

Eg. (E1) can be rewritten as

g i - t] dt
@y, = L;‘,— 5 [C-i;n(i.,.n)w{: + sin ()@ ]

o -n-/as
-— A 3 . & = o
w“len n= i, o-'i-' -’t' [ sin 2&9'&

s
° A cos (A+m)OE  cos (i-“‘)“’t] v
when n=2,3,4,..+» @n= 7 [ (4+n) 3 (1-9) o

—n) T
A - cos(AemMT L—COS(:. "L]
=ﬁ[ i+n 1-

if n is odd

(o)
& ZA ;f n s even
T -+ )T

™ = 2o 2 2T o t 4t
SI l’.a-'r‘. z ‘ _ A S‘ 2 - o
J “=%£x({;) sin noot db = =5 ) n 22

-
-—

ﬁ_ S.T/z [cos'(ifﬂ)wf - ca‘(i-m)asf]cbt

T ‘o )
4 1 =
whea n=1, by = Az. S éj.t — ot 2ot) = 3
° /w
. - t . (1+n)&9t 1y _
A [sin(A-m)®t _ sin ] .
when n=2,3, 4,72 bn = T (1-n) @ (1+n) )
= A 2 ‘ t
i 2A CosS N
Loxt)= &+ £ sin wt - = a0
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° % .
2|%  aa £21° 2A-E ]
0 2 M A LA
_2[A‘?:'..3___-——';‘_ +A‘t‘]=A
ST L 4
v
2 n(&f:alt
Oy = = x(t) cos
R,

T
C2At 1 2A t dt
y Z-_étcosnosfclt-i-j(—c + )cosncs
T
>}

7
2 A t sin ﬂwt + cos nC-:t}
=2 | new n*o
[ ° -
_Sh t
wt )% _ Sin N0 )
- noe -
2
As T= 5o
=4 A& urn_;.._éﬁ’;-—cosn'a
_AD AL L= cos 2t
Qn = ?‘-“’_l- ety cos T e e "
4 A = 4,3, 5, -
: —— ’ n= ] » s
= ZA___. (wsn‘ﬂ'—-i) = 2 e
nz-n'z o , n= 2‘4_, 6,.-
: 2 [ (% wt dt
=z sin nwt "lt‘—'-—'[f &A{;smn
b= % =) o 2L
+f ( ZA{;.,.z,q)sm nwt dt]
'L'
2A + cos nwt + ﬂ!‘_"-‘?—’t-— /z
=%7 =z ) na n*w?
v cos Nt nw‘t
t sin nest A _
_2A t cos nWt mz 2 + 2 r/z
T now n-w ,.C/z
A ntt| =0
A _2A g5 anT 4 2L cos ]
as[.%cosmr-«-z;‘?—ws 'zn‘ﬂ'—mcoSnT\’ nwco ned
= T
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»
v
!
038
>
w
Q|
In
o
In

o T 7zl TU T 2 %
4A t? t i
+(_z'— T T )3%] = °
Z,
, = 'ZE" f x(t) cos nwt dt _[‘M /4'{: cos oot -dt

O

37/, 3T
i_&..f % ¢ cos nut dt + 2A f /+cos nwt dt

+ f_éf t cosnwt dt - 4A ©  cos nost alf:l
T Yz %%

___[4-A { sm naPt‘ cos ““* }‘K/4_ 4_/\ {t Sin nt&f cos nuwt }B’C‘A
o z

2
n c.9 na n? 92
'r'/4

i /4' sin’ noot s nwt v {;
A sin n(@t iA_ { co _ s“-\ neo
+2 ( na '%_ + = ¢ s T n*w* 37 4A nes 317

@ s mT (A LA _2A nm(2A_ . 2A
[sm e the T he )t T \Tde T s

inT 2A  3A 3nT 2A _ 2A
——— -—— i— s _—_ —
+ sin 2 n69 + nGo hLB ) + o Trn"(& T™n*w
A 2
cos 2Tn [ 2 — Cos O =
+ (Wn" ) ( ‘u)]

T ’L’/ 3‘::14
bo = 2 f x(t) sin noot dt = i[ﬂf L sin niot. dt — A [ £ sin nost 2
(o) T T z %
L7 R
+ 2A SI.I’I T\‘st vdt + 4‘-%— j- t Sin nﬁ9t J.f — 4Af Slﬂ nwt Af]

[/ L
- 2[4 [ o nt - g et e 4,«{: i oot
- nw 7

T|T (e o - T ] n*e
3T _ ™
3T _ 3T 3% _ 3
~E_ cosnwtpt ws ot \EF= 35 | 4A [ L o ot
- cos n }r=_""_ + 2A ~vr T x + T 155t in n
¢ 8 7w
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- v= 55 cos ne3t T= %
(X
- :(‘9 cos nwt - - 4A <_ =5 )3‘&’ _sm
%“"’ 269 =z T o
anTl 0 f m is evwen
jf—- sin nf - Sin z -t ,
i o ’ gA z if nois od
mr TZn® ("i)
n
8A ® n-1 ot
2 Sin M
()= = Z - 1) B
n=41,3,5,

T
2A (% (1- )#_2A<_tz>_A
a.,o-_-.-szx(t)at_—_.,FL(a. = 2 ). y
() -
2A sin nwt _i sin ncat__ ws:@f)
Q= F jz(t) cos neot &:7—(7&3——- L T e
()
. ?.'IT/@
- s'nwt_slr\nost
A2
b ——E—J‘x({:) Sin n(..9“: Ji’ ‘—'——;E— nGS o
n - v o
_ A
™ A i‘ sin nwt
oox(t) = ‘Az"‘-"r'r_ —

Q ' The truncated series of k terms can be denoted as
1.112

— E - 0
= — + 3 + b,sinnwt

X n a, cosnwt ) ba

X(t) 2 nél n=1

E= “}w e?(t) dt (2)
—xfw
where e(t) =x(t) — %(t) (3)

—

a i minimized by
Treating B as a function of the unknowns a, and by, it can be

setting:
- OB i 3 — nwt]dt=0 (4)
= 2 f/ x(t) — () [ cos

a.n - fw
wjw . _ 5
B o {x(t)—i(t)}[—smnCUt] dt =0 (5)

Oby —rfw

1-86

© 2017 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.




Rearranging Eq. (4) gives

Tfw xfw
[ x(t)cosnwtdt= [ X(t)cosnwtdb (6)
- fw ~rfw

Using orthogonalty property, the right hand side of Eq. (6) can be expressed as

0 form#%n

Tjw
[ X({t)cosnwtdt =13, 7 )
- = form=n
This leads to
rfw En T
[ x(t)cosnwtdt= — (8)
—rjw
Tfw
or En=-a—']- J x(t)cosnwtdt ; n=0,1,2, ..,k (9)
0 - fw
In a similar manner, we can derive:
7 fw
_b-n=£- [ x(t)sinnwtdt ; n=1,2 ey K (10)
—rfw

Tt can be observed that Egs. (9) and (10) are simlar to those of Egs. (E.3) and
(E.4).

T Lo__.n=1 . ;. ...... !'5.2.---_-_;&.--3.-_-..:!.5-}_-__-__---é_“__?..---
TR P z1r'l:' i GRE L TSk cos ETEL x, Stn —=
t . ;
[}
{002 9 §3149 3- 4442 ? 63639 6.3640 E 3-444l1 83149
EQ-O/{- 13 7192 4 71924 | o0+0000 (3:0000 :—7'1‘?2‘\‘ (723
10006 117 6.5056 (5.7060 E_lz.ozov 12,0208 :—‘5-7659 —6.5057
jo0d 129 0000  29:00809 ! 29,9000 0.0000 IM‘L
l0:10 143 |-16:455¢ 39-7267 |-30.4053 —30 4059 ! 397271 -16:454%8
59 1 =41.795 4 719 | o0.0000 Tﬁ"’o"?_! 4| 7187 41.7199

T Sw N O WN R
é’.---
ro

I
|
i
1
{
i
]
|
1
i
i
)
I
]
63 1-58-2045 24-1087 | 44.5482 —44:5472'-24.1101 55.2040
:
I
]
[}
I
i
[
i
I
1
i
i
]
[}
t
]
'

1014

]

go-lG 57 |=57.0000 g:0000 : 57+0000 0:0000 |~57.0000 00000

1018 149 | _45.2700 —I8-7518 | 34+ 6477 346487 -18-7505 =45.2705

10020 |35 1-24.7485 —24.7487! g.0000 35:0000 1247493 —24.7482

lo:22 35 -13-393¢6 -32.3359 1_24.74?3 247482 : 32.3354 (3:3950
12 {024 ! 41 00000 —4l+0000 !_4|.00006 0O-0000 ! o0.000c 4l.0000
13 :0.25 1 47 17.98¢66 —43.4221 :—33-2333 —33.2347 : 43.4229 (79847
4 !0-28 ' 4] 28-9917 —28-9%11 | o0.0000 —4l.0000 | -22.9905 -28.-9723
i510-30 | 13 12:0105 —4.9747 , 4927 —9-4921 | 4.9755 —li2-0l02
le io'il : 7 7.0000 0-0000 ! 7.0000 o0s0000 ! 7.0000 0.0000
B R e L A i e D e el T ui USSR,
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lé

- = () 559 - 166.7897 —31-3278
N 3535
, . ;.
> 9o - 1+456% —11-44398 _5.49027
1 = () 6375 —20-3487 =%
=1

3

\ pressure, P ()

[Speecl {00 rpm
In a winute, a Ioam‘f' will A

=P
be suBJec(:ecl to the max
maximum pressure . A=
Bmax = 100 pST, 100 xh=
2T

400 times. Hence v}

z' {'umet
Pen’acl_—. T = _iq_ =0.15 sec.

400
?(f):{A , oz ts %

A - L
Zz = 50 pst

QN

z, .
5 f'(‘é) cos mawt It = 2A (sin nwt)/l' = A s m 1T

o ™Tm
[~]

2 (
T £\Z T
Lm,—_ 2z J-P('f) sinmewt dE = _ZEA (casmw )A-;—_’L(casgi——l)
o)

Evaluation of om and b

. —
m= | m=2 ' wm=3
e e it e e e = e ——
e — = ! ; N -
OJ|=-—A— S.ﬂ:’l-:_é_ : a-’,_:_i sin T =0 : alg-;;?slﬂ —2
’ z . I : 6lo3 si
1 - _ . 0
' A i by= -2 CadaTr l>
= - —_—— - (OS TT — | . 3—
_.(ca'f:,_ l) : 172 2.7!‘( ) : (
]
31, 9309 PS¢ ___=3l:8307 E‘.‘----'----_'_"__‘i"_? | LI

oo p(E) = a—é’- + % (au,,, cos mak + by, sin rnasé) pst
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S'Feed =200 rpm A pressure, .F(.(_.)
In a minute, o Paim" will

be subject’:ec{ 1o the A Pma.x
maximum pressure , A=
Cmex = (00 PSt, 200 x6 =

1200 times. pence 0 (4 5“ 27 "’-’ 'hrnet

Per[od: T = _69 =0.05 sec.

—
QJO =z \{ 'F(f) M:%A(‘f)o = —2— = 5o Ps[
4 . Z,
Wy, = ,;', 5 f:(’t‘:) cos ma?t it = ZA smmr::.v'é)a/‘* =_FA;‘ sc'nﬁzlr

L '; J‘tP(f) sinmat dE = - z'A (co.\' mwf)% =__.é_ (casr—nzlr- -i)

o
Eleua{:aon of apn, and bpn:

------------------- T T T T T T T T T T T S e e e - - - e . m e - - - .- —

m= 1 m=12 y =3
-..--_--.._..-__-.__-: ------------------- e e e e e e e e e
- A L. T !
= ZSin=s = A ! = _’_4_ Y = ! - A 2T
o n = = : @, = sin . =9 : 0.03.- = Sin Z
= 31-830% pst ' : = —(0-6l03 psi
. i [
b= -A Ir_ ' > S — | =_A 3T _
i =~ (c;r! Z l> : b (CaSTl' I) : 53 o (Cad 3 l)
. ! '
— . S '
LS 31.8309 bt . _Z31:8309 psi ! = lo.gl03 psi
o0
t) = 3‘2 3 -
p(E) > + m.—.—z; (aa,,, cos mat + b, sin mwﬁ) psi
i ' ' n=1 : n=2 : n=3
d4 img, PO T S s e I
2 M 5 1 a2l . 2Tt i ; iy B
. ' . CoS M. ST § —— SN -_
; ! s""h o-ollg “'o-olz;"m“?c‘° aolz;mhsma-olzv My, 0012} t o2
1 - | 1 1 i i
11 0.0005 ! 770 : T43.7627 ,199-2912 !666 83 3385-00(0' S44ec6T12 ;544. 4731
2 ; e, 00l0 E gio | 70(.4802 '405~Ooc7 -4—04 7988 070' ‘Hl?-' 0.0000 ;8!0:0000
300015 5 ;?g | 60l-029¢ '601-0417 ! 0:3000 '850-oaoo - Gol- owz 601-0373
0'0020 | ] ]
+! E :454 9978 |78’8 0845 |—45’5‘-cq4’ |788'0808' 9(o.0cceo E 040000
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' I ! g7l =T 184
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¢'0w0030 ' 170 I, 0:0000 | It70 0000 :’ HW70.000 g ooac o+gag _~1170.000
' — .
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8;030040 : 6(0 :-805.0073 1394.2966 :-—804{ 987 -4.391.« 309, lél0 000 a-a:—o
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|
40,0070 | (270 \=INT-16T7| -¢45-0088 | E44-992 I117-183 | 01000 -?4"’0 0;?
1540:0075 | 1190 |- 841 4492 ~841-4EHT | ©-d00 it?0-000 : #41-479 ! 4
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(6l 0.0080 | 1110 \-554. 9897\ ~76(- 2942 I-555.021 76(-27¢ , 110+ 000 0oa
17} 0. 0085 | 1050 =270 7478 —~loly. 2247 E-?O?c337 524.982 | 742- 440 T42:.485
laimooga 1 970 : 0.0000 |—3%0:0000 :—970-000 ¢.000 | 0:006 9%0.000
I .
1950.0095 930 | 240-7123 l §9§.3681 1-805.393 -4¢5-018 !—657.633 657-5%6
20i0.0i00 | §90 | 445:0095 L770:7571 |-yuy.9g| —770-773 |~ 70,000 0:000
! - .
Zl;o.olos : g50 ': 60l-041% L601-0337 : o.000 —850:000 "—GOhozz col-066
22i0.01l0 | 8O 170(. 486§ \404 9895 , 4o05-022 —70i: 4(-48. gioos —Flo:coa
za:a.au; '770 1 743.7659 199.2798 | 66¢.551 —394- 780 |544 *500 =544 444
14001201750 | 7500000 __ 0:0000 1 750:000 01000 17501000  0wc0s
PN [P ‘ 7' €6l 8§55
F() 27300 |-4aT05202 L,g03. 7673 343,270 17504 | 29734
= ! ! (71, 35.728 55155
24 ! , 31391 28.606 — 146" ' .
' .36 150 .
7'2-. Z‘ 2,275 | §14 :’ :
L= 1
T T REL e i
1 < e AT T T, . 6mte D
@ L : t.A : xl. .x" CeS ZTI"‘T‘ “‘_s‘;eal%: g cos ‘f;rz., K‘ ] 4‘:: l.: x COS—_g' X-Sm ___——o P
' l : " ¥ | 3 | 6.36  6.36
' 7.79  4.50 . .
I 'o.o25, 9.001 - 8.69 o 2.33 !
; 14.72 1 __0.00 17.00
> i0.0501 17.00% -14.72 . 8.50  8.50
3 'g.075! 23.00 , 16:26 16.26 1 0.00 23.00 ' -16.26 16.26
4 'o.tcot 25.00 1 12.50 |21.65 !=-12.50 21.65 1 -25.00  0.00
s lg.izs! 26.00' 6.73 |25.11 | -22.52 13.00 , -18.38 -18.38
6 'o.i50, 28.00, 0.00 |28.00 ;-28.00 0.00 ; 0.00 -28.00
7 1g.175 1 33.00 ' -8.54 [31.88 :-28“53_-16 50 + 23.33 -23.33
8§ 'g.200! 35.00 ) -17.50 |30.31 ,-17.50 -30. 3L4_,35 00 0.00
9 'g.225) 34.00 ' -24.04 |24.06 1 0.00 -34.00 | 24.04 24 .04
10 53'250. 59.00 | -25.11 |14.50 ! 14.50 =-25.11 , 0.00 _29.00
T -5t 24.00 ' -23.18 [76.21 T 20.78 =12.00 | - 216.97  16.97
12 ‘?,'.gw: 26.00 | -26.00 |_0.00 . 26.00 _ 0.00 , -26.00 . 0.00
13 lg.3251 32.00 { -30.91 [-8.28 1T 27.71" 16.00 '=22.63 -22.63
14 'o0,350! 40.00 ! -34.64 120.00 ' 20.00 34.64 .. .0.00- -40.00_
15 10.375 ! 18.00 i -12.73 12.73 + 0.00 18.00 ' 12,73 -12.73
16 'o.400' 8.00! -4.00 |[-6.93 ' -4.00 6.93 . 8.00 % 0.00 .
17 lo.gzs. -5.00  1.20 [ 4.83 | 433 -2.50 | -3.54 3. sg
18 1o.gq50' -14.00 ' 0.00 [14.00 ! 14.00  0.00.. _0.00 =14 .00~
' _8.00 ' -7.25 | 27.05 772%.25 14.00 ! 119.80 --19.80
19 10:4751 | Lef.2d i 0 0.00
20 1g.500 ' -37.00 ; -18.50 | 32.04 1 "18.50 32.04 , 37.0 .
21 'o.525 | -33.00 ! -23.33 | 23.33 | 0.00 33.00 . 23.33 23.34
22 :0:55'0 \ -29.00 ' -25.11 | 14.50 +-14.50 25.11 | 0.00 29.00
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23 !o.575 | ~22.00 | -21.25  5.69 1-19.05 11.00 | -15.56  15.56
2 1o0-Goo; 990 ! 0.0 0.00 { 0,00 0.00; 000 039 __
24

=() 239.00 -241.90 282.30  39.72 147.18  45.26 -4.88
RPN

2 = 1 19.92 -20.16 23.53 3.31 12.26 3.77 -0.41

l _
%
$Programl.m

%Program for calling the subroutine FORIER
%

% = = = ===
%Run "Programl.m" in MATLAB Command Window. Programl.m and forier.m should be
%in the same file folder, and sét the path to this folder
$Following 6 lines contain problem-dependent data
n=16; :
m=3;
time=0.32;
x=[9 13 17 29 43 59 63 57 49 35 35 41 47 41 13 7]1;
£=0.02:0.02:0.32;
%end of problem-dependent data
sFollowing line calls subroutine forier.m
[azerg,a,b,xsin,xcos]:forier(n,m,time,x,t);
%following outputs data
fprintf (’Fourier series expansion of the function x(t)\n\n’);
fprintf ('Data:\n\n’);
fprintf ('Number of data points in one cycle = %3.0f \n’,n);
fprintf(’ \n’);
fprintf ('Number of Fourier Coefficients required = %3.0f \n’,m);
fprintE(’ \n'); .
fprintf (’Time period = %8.6e \n\n’, time);
fprintf (’Station i ~)
fprintf (‘Time at station i: t(i) ")
fprintf (’x(i) at (i) )
for i=1l:n -
fprintf (‘\n %8d%25.6e%27.6e ‘,i,t(i),x(1));
end
fprintf(’ \n\n');
fprintf (‘Results of Fourier analysis:\n\n’);.
fprintf ('azero=%8.6e \n\n’,azero);
fprintf ('values of i a(i) b{i)\n’});
for i=l:m '
fprintf(’%$10.0g %8.6e%20.6e \n’,i,a(i),b(i)):

end
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F=========s==sSz======= = == =
function [azero,a,b,xsin,xcos]=forier(n,m, time,x,t)

pi=3.1416;
sumz=0.0;
for i=1l:n
sumz=sumz+x (i) ;
end
azero=2.0*sumz/n;
for ii=l:m
sums=0.0;
sumec=0.0;
for i=1l:n

theta=2.0*pi*t (i) *ii/time;
xcos(i)=x(1i) *cos(theta);
xsin(i)=x(1i) *sin(theta);

sums=sums+xsin (i) ;

sumc=sumc+xcos (i)
end
a(ii)=2.0*sumc/n;
b(ii)=2.0*sums/n;

~e

end

>> programl

Fourier series expansion of the function x(t)
Data:

Number of data points in one cycle 16
Number of Fourie:.; Coefficients required = 3

Time period = 3.200000e-001

Station i Time at station i: t(i) x(i) at t(di)
1 2.000000e-002 9.000000e+000
2 4.,000000e-002 1.300000e+001
3 6-0Q0000e—002 1.700000e+001
4 8.000000e-002 2.5900000e+001
5 1.000000e-001 4.300000e+001
6 1.200000e-001 5.900000e+001
7 1.400000e-001 6.300000e+001
8 1.600000e-001 5.700000e+001
9 1.800000e-001 4.900000e+001

10 2.000000e-001 3.500000e+001
11 2.200000e-001 3.500000e+001
12 2.400000e-001 4.100000e+001
13 2.600000e~-001 4.700000e+001
14 2.800000e-001 4.100000e+001
15 3.000000e-001 1.300000e+001
16 3.200000e-001 7.000000e+000

Results of Fourier analysis:

azero=6.975000e+001

values of i a(i) b(i)
1 -2.084870e+001 -3.915985e+000
2 -1.456887e+000Q ©=1.144979e+001
B 3 -5.402900e+000 3.353473e+000
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s Ex1_119m
for i = 1: 101 '
S 0.3 L 9.635*t(i)) - 3.9160*sin(19.635*t(1i))...

wu

i 4.875 - 20.8487*cos(1 . .
* 134569*cos(39.27*t(i)) ~11.4498*sin(39.27*¢ (1)) .-
T 5 1029%cos (58.905%t (1)) + 3.3535%sin(58.905%¢ (1))
end
plot(t,x)

xlabel(*t’);
ylabel(’x(t)’);

70 T T T T T T

x(t)

0 0.05 0.1 0.15 t 0.2 0.25 0.3 0.35
s Exl_1.120.m
u =- 0.3445;
‘1:==> 1 =10;
ho = 0.1;
a0 = 2;
r0 = 0.5;

% First case, r changes
for i = 1:101
r(i) = 0.5 + (i-1)*0.5/100; o
cl(i) = ( 6*pi*u*l/(h0~3) ) * ( (a0 - h0/2)%2 - r(i)"2 )...
* (aO“Z—r(i)“Z)/(aO-hO/Z) - ho );
end .
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% Second case, h changes
for i = 1:101
h(i) = 0.05 + (i-1)*0.05/100;
c2(i) = ( 6*p1*u*1/(h(1)‘3) ) * ( (a0 - h(i)/2)"2 - rO*z )
* ( (a0"2- r0“2)/(a0-h(l)/2) - h(i) );
end .
$ Third case, a changes
for i = 1:101
a(i) = 2 + (i-1)*2/100;
e3(i) = ( 6*pi*u*1l/(h0~3) ) * ( (a(i) - h0/2)"2 - x072 )..
* ( (a(i)~2-x0+2)/(a(i)-h0/2) - hO0 );
end
subplot(311);
plot(xr,cl);
xlabel(’z’);
ylabel(’c(r)’);
subplot(312);
plot(h,c2);
xlabel(‘h’);
ylabel(’c(h)’);
subplot(313);
plot(a,c3);
xlabel(’a’);
ylabel(’c(a)’);

x 10 T T T T L
— 4 r T
1 al |
%.5 50.I55 06 065 07 075 08 08 09 09 1
4 x 10 5 T L] 1] 1)
Sat .
o

00.05100.055 0.06 0.065 0.07 0.075 0.08 0.085 0.09 0.085 0.1
X : v
4

T i ¥ T 1 T T T )

2 22 24 26 28 3 32 34 36 38 4
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$ Ex1 121.m
for i = 1:101
x(i) = (i-1)*4/100;
ka(i) = 1000*x(i) - 100*x(i)"2;
kb (i) 500 + 500 *x(i)"2;
end
plot(x, ka);
hold on
plot (x, kb, r-=1);
xlabel(’x’); .
ylabel(’ka: solid line kb: dash line )
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% Ex1 122.m

for 1 = 1:201
t(i) = (i-1)*30/200;
%¥1 (1) = 3*sin(30*tc(i));
%2 (i) = 3*sin(29*t(i));
x(i) = x1(i) + x2(i);

end

plot(t,x);

xlabel (‘t’);

ylabel('x');
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= (e

2 4
. But ls:'nﬂf = v Sin @, cos = 6— ';—z s.~.-."a9f>2 '
" 2 2 2 E
Using (E2) in ¥ Xy = r+d —r cos wt — 4 (1- ';'i Sin wf) G))

Let —;— = small (< 2’;) Using Vi—e = 1-+ €, (53) Lecomes
(e4)

@ Ly, = r+f..rca$'9—fcos¢ =r+l-—rca$&9t —1\1(—;.‘,’1155 (El)

)(1’94 y-(l+ E%)_r(cpsast-l- Z% cos zet))

(0,9 EZ'(E‘*) gives }1’: xi" r (H— ;‘—}): -—r(cos wt 4‘8— (Es>

r s very smell, }P ~ = r cofs wt ?l\a.‘rmonl'c maf:tah-

f T
(E) To have a,mplffuale of gecond  harmonic smaller than that
of first harmonic in Eg-( Es), We need to have
| Y | - r < _ﬁ_ se- __l_ > 625
e < e, 2 < zg ) 91

T = 150 °
second harmonic s smaJler b] @
fjker harmonics a.n‘s‘.'nj
in (E;) axe exper_te_o(

Once the cn.—mpll"[:ude of
fa-c‘tor O_ﬁ 25, ‘f‘t’e a_mPIl-{'uJeS a_—f A

from the expansion of s&ua.re-f*oa'l:- term
t, be still smaller.
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Unbalanced force developed =P = 2m 2 r cos wt, range of force = 0 - 100 N,
range of frequency = 25 - 50 Hz = 157.08 - 314.16 rad/sec.
Parameters to be determined: m, r, @.
Let r = 0.1 m. To generate 100 N force at 25 Hz, set:
P =100=2m (157.08)% (0.1)
which gives
_ 100
2 (157.08)% (0.1)
To generate 100 N force at 50 Hz, set:
P =100 =2m (314.16) (0.1)

m = 0.0202641 kg = 20.2641 g

which yields
_ 100
2 (314.16)% (0.1)

Goal: Weight to be maintained at 10 = 0.1 Ib/min

Parameters to be determined: Angular velocity of crank (w), lengths of crank and
connecting rod, dimensions of the wedge, dimensions of the orifice in the hopper,
dimensions of the actuating rod, and dimensions of the lever arrangement.

Given: Density of the material in the hopper.

Procedure:

Select w based on available motor. Determine the dimensions of the orifice in the
hopper which delivers approximately 10 Ib/min (assuming continuous flow of
material ). For trial dimensions of the wedge, determine the increase/decrease in
the size (diameter) of the orifice. Choose the final dimensions of the wedge such
that the material flow rate delivered by the orifice lies within the specified range.

m — 0.0050660 kg = 5.0660 g

Force to be applied = 200 Ib, frequency = 50 Hz = 314.16 rad/sec.
Procedure:

1. Select a motor that provides, either directly or through a gear system, the
desired frequency. Assume that it is connected to the cam.

2. ?SeterMe the sizes and dimensions of the plate cam and the roller.
3. Choose the dimensions of the follower.

4. Select the weight as 200 1b. From the geometry, determine the range of
displacement (vertical motion) of the weight.

5. Determine the force exerted due to the falling weight.
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Considerations to be taken in the design of vibratory bowl feefders:
1. Suitable design of the electromagnet and its coil.
2. Radius of the bowl and the pitch of the spiral (helical) delivery track.

3. Tooling to be fixed along the spiral track to reject the defective or out-of-
tolerance or incorrectly oriented parts.

4. Design of elastic supports.

5. Size and location of the outlet.

@ Axial spring constant of each tube = k = -é{—E-

Let diameter of each tube be 0.01 m (1 cm) with thickness 0.001 m (1 mm). Then

A= 'j':‘ (D — d?) = -11 (0.012 - 0.008?) = 28.27 (10°) m?

This gives

o = (2827 (107%)) (2.07 (10'1))
2

Since 76 tubes are in parallel, we have the total axial stiffness as:
keq = 76 k = (76) (29.26 (10°)) = 222.38 (10°) N/m

The polar area moment of inertia of each tube is

= 29.26 (10°) N/m

=T (D* —d%) =" (0.01* — 0.008%) = 580 (10~®) m*
=@ ) =55 (0 ) (107°)

Torsional stiffness of each tube is given by

GJ _ (79.6154 (10%)) (580 (10~%))
¢ 2
For 76 tubes in parallel, equivalent torsional stiffness will be:

ke, = (76) (231 (10%)) = 17.56 (10°) N—m/rad

=231 (10%) N—m/rad
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