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Chapter 1 |

Fundamentals of Vibration
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kez = [ 1 ( ~€”+ If) - kzk,k,’k;+2k.k3 ‘k(' *5 + k1k2t4“5+ 2 klkl k, ks

Eauiva,lence of Pctenh‘a—l energies gives

2 z 2
X0 11 ke 0 Lty (0 4) s L1, (0 0) + 4 k3lol) =4 *g, 0"

2

4,3 = for series springs kK, and %3

! ) ) 1
= -+ L + y * =
* k k ’ 123
K23 ' 2 3
Using energy egu.a'va.lehce,

2 2 2 2 2
1 kego'= T k40 + 3 k30 + 4 ks @R) + 3 kg (oR)

k) Kz K3
ki ko + Ky fe3+ K3 K

. 2 2
" ‘ke%= k‘f+ k'za + R 1<;,_ + R kG

K, &, &
= fq + 2z 3 >+R"k+k
4 \Kikz+ %2 k3 + %3 k, (s -6)

For simply supported beam, | AN

for load ot middle, / 3 // ==

Wy7 =4
: 2(s ( G:im
e e

3 -
= 12.36 x10' Nfim where I= ,";_ (b2 (1) =10 4 m?.

8 = on‘gu‘na.l deflection = ™3 - 500 x%-81 _ 396-8447 <o’ m

| kg 12:36 x 10’
When spring k is added, kef/ = k+ kg
a) New deflection= ™% _ 381 . . 4m3
(@) § % - # 'ke& = = 4 %
¢ !
= k+ Kk,

= 3% = 37.08 xlo7 N/m



(b) New deflection = ™% _ 3

K= k= 1238 x:av N/m = k+ k,
€) New Je}‘ed:.'on = DZ

—

k=g K= 4.2 x10 N,

@ ( x= downward

deflection
of point A,

X = resaH:mg
defor mation

of 4pring l
Potential energy - eguNaJ.ence |
b- %
ives ¢ <2 =
¥ = kef: = _ * x ( 2
ke = % (

» (a.-—f:(ii;z-n- b x) e
=5 z _ ‘_j‘;_. [{ ‘f(af._T%) 2 } - 1:,
T XETZO x Y.
=2Ja-‘-%[{“:(ﬁ'f$ 1;«1—5}2‘1]

USing Hme rela.\l:sbn (i+e)1/z ~ 1+ =, we sbtain

x -z(a"'_)z[i 4:::'. ) 1] 2 (a- -—)1/"
k‘zzk(?&)_ (0-"7:) =1<<4'

(b) Here X = Xg (Jprtng Je{llec‘hon)

‘keﬁ= b




Let x= vertical
alu'spla.cemenf
of mass M,
xXg = -resulhnj
gte,fOI‘l'v'vaJ:fcn‘l of

each mclined

Sp rc'nz .

From egm'valence of Fofeh{:\'a.l energy,

{«%xzzz(-{kx}) ; «QZ=34<(3£.)2

From 9eome{'r‘j » (1.. x/s)z = xz + 'x.z ~2f0x cos &
x2-2x f cos & + 2L X5 - % =0 _(E’-)

. . L xg~x3) 1/
So’v:na (Eg_), x = fLeoso [1 + {i - & ﬂzxcps": } ] (Ez)

using the relation li-0 = 1- —?: »(E2) can be rewritten as

x = lcoso([j_-i_-{’__(zlxj—z;')}] (E,)

2 £% cost

Assuming x to be small, we use minus 5'4'3n and ncalecf x;'
compared to 2L x; in (). This gives
X

x=
Cos ¢

‘ka = 3% wsla(

2
In o similar manner, c,&= 3 C cos o
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e ‘ ma.
(L) d(maem) (6)°. 7 52
. 2
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1 a\* 2 X
2 (hO) 4 L aep; (Ly0) 42 4, 64 4 ACOEFT

k
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@ (@) F = F/x, + ‘j—:' xo.(x—x") = <5°° x+ 213) |o+ <5°°+5"1)x'-'_(:"°)

XxX=
Z 1100 x — 4000

(b) o x= 9 mm: ,
Exact F, = 500x9+2 (9) = 5958 N
AH}V‘oxima.fe F9= 1100 x9 — 4000 = §900 N
Evrror =-0.9735 /

(C) of x= (I mm: 3
Exact F, = socoxu+ 2(it) = 8162 N

Approximate F, = 1100 x 11 - 4000 = 8100 N
Evror =+ 0:7596 J/,

f'\)r= constant --- (E1) ; Differentiation of (Ei) gives

JP ”r*‘f‘r 'Vf.l dv = o
df=- 0 4v o (e)

d‘a-"je in volume when masS wmoves b
s "") dv = ~A.d ---(E
Ezs.(E.z) and (Eg) give 41.___ ffA dx v g (3)
v

Force due to pressure charge = dF = dp. A = M-J:
Spring constant of air spn'ng = k= j_F_ =([ Y'Al;

z -

v

Eguivalent spring constants in diffent divections are
*c k, K
ku=< s kg Kq )’ kﬂ-.:’*_’))

Ks kg + ks k7 + K¢ kq “\kg+ kg

K, K ke K
k,, =K1 ¥\ | =(_3*4
“ (1‘1-"“1) Hes k3 + %,

If the force P moves on x, spring located ok 6; undergoes o
,\.‘sPla,ce\ment of X; = X cos 8; (Jeriva.h'on as n proHem 1.12).

. . i 4
Eguwwlence of po’cenha.l energy gives %kez xlz.?l_. 2 Ke; xz

4 , i
kgz = ;.:Z’_ (ke;. (&~ 9‘:)




2
From problem 1.16, k = pYAS with y = 1.4 for air
v

Let p = 1.4 MPa

6 2 2
k=13,000 Nfm = LAX1O @D AT A _ g 6396 103
v v
Let diameter of a piston =d =5 cm A= g (5 x 1072)2=1.9635 x 103 m?

A

v —————— =58127 x 10-*m?
6.6326 x 10

Let h = 5 cm; g D2(5 x 10-2) = v — D=0.12166 m

F=ax+bx®=2(10%)x + 4 (10") x3

Arouad ¥': F(x) S FE) + - |, (x —x)

When x* =102 m, F(x') = 2 (10*) (10~2) + 4 (107) (107%) = 240 N
dF 2 | 4 T —4

= | =a+3bx* =2 (20) +3 (4) (107) (207*) = 32000

Hence F(x) = 240 + 32000 (x - 0.01) = (32000 x - 80 ) N
Since the linearized spring constant is given by F(x) =k, x, we have keq = 32,000
N/m.




@ F':&;_X,;-f-B; X? ; 4=1,2

SPrings mn Series:

W= a, 5'|+|:|8‘3 (1)
W= a,8;+b, s} (2) -
W= keg Bst (3) b
sse - 8| + 82 (4‘)
Solve Egs- (1) and (2) for & and §,, Y
1
resPccfu’vely. Substitute the result 8,
~in Eg.(4) and then in Ep.(3) to 5 |
&fncj "‘ez- w
SPrings n Pa.ra-l.(.el:
W - F| <+ FZ
3
= a8 + by 8,: +0~2854,+ Lz S5t
= Koy 85t
g S c——
2 2 a
‘kea = G+ l"l SSE + a'z + LZ sst

-0 aan
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& = G d* p b
@ s i b s

2
W= TTDN S ('E{-) where p= weight per unit volume

= 41 .’ - |

U$m3 G= 73 KIO9 N/mz » f: 76000 N‘/m3 » ’ = 9.391 ""/Setz,

:'D— =6,810; N=10,15,20; d=0-4,0.6,.., values of

% and §, are CchrufeJ.
COmL;na,f:"on Of -"?-:: 6, N= |0 MA d =20 m, c.of“eSFonc’t'ny

o 4= 8-4606 x16 N/m and $;= o-4301 Hz, can be
taken as an a,ccer'l:a.a“e Jes.’gn.

@ Total elongation (strain) is same in each material:

x
€ =€ = 7 (1)
where x is the total elongation. Equation (1) can be expressed as
Os G, X
—_— e = — 2
E, E, '4 (2)
- E, x 3)
or Oy =
4
E, x
Total axial force is:
F=F,+F.=0,A, +t, A, (5)

where F, and F, denote the axial forces acting on steel and aluminum, respectively, and
A, and A, represent the cross-sectional areas of the two materials. Equating F to ke X
where k., denotes the equivalent spring constant of the bimetallic bar, we obtain from
Egs. (3) to (5):

. E’x Eax
E, E,
of ke = (A, + ZA“ (8)
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. T
J = —
21’

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

A

-

3
v

4 = area polar moment of inertia at section x = 1.5708 (0.1 — 0.05 x)* m*

Knowing that the angle of twist, §, between the ends of a uniform shaft of length ¢
under a torque T is given by 6 = -a;;, the angle of twist for an element of length dx can
be expressed as

_Tdx _ T dx

"~ GJ (80 (10°)) 1.5708 (0.1 — 0.05 x)*

The total angle of twist can be determined by integrating Eq. (1) from x=0 to 1 as:

9=] T dx =[ = ]} & (g

(12.5664 (10'%)) (0.1 — 0.05 x)* 12.5664 (10'°) | 3 (0.1 — 0.05 x)*

dé

(1)

1
dx 1
But = -
{ (0.1 — 0.05 x)* 0.05

= 4.6667 (10') where y = —0.05 x

_ T (4.6667) (10*)
12.5664 (10'°)

—-0.05
(005dx) _ ., [ dy

(0.1 —0.05 x)* o (0.1 +7y)*

© by

Hence =T (0.3714 (107%)) rad

This gives ky = %— = 2.6025 (10%) N-m/rad

(ov)

The steel and aluminum hollow shafts can be treated as two torsional springs in parallel.
For a hollow shaft,

:2(; (0* - d)
For the steel shaft, G = 80 (10°) Pa, ¢ = 5m, D = 0.25 m, d = 0.15 m, and hence

_ T(8(107) (0.25* — 0.15%) = 5.34072 (10%) N—m/rad

k‘£=

t

! 32 (5)
For the aluminum shaft, G = 26 (10°) Pa, ¢ = 5m, D = 0.15 m, d = 0.1 m, and
hence o
ke, = ”—(f,%%ﬂ (0.15* — 0.10*) = 0.207395 (10°) N—m/rad

keq = ki, + ke, = 5.34072 (10°) + 0.20739 (10°) = 5.54811 (10°) N—m/rad

(k) With G= 26 (10°) Fa,, = 5m, Dzoism and d= 0-05m,

12



kt = (26 xt0
32 (5)

6 é
kea = Kf‘ +Kty = 5.34072 x10 + 0:255255 xid = 5-595975 xi0

3
) (""54' °'°54) = 0'255255xIOG N-m/‘a.cf

~N-m/rad
Ga*
For Helical spring k =
@ PIE R 64nR?

_ (82 x10% (5 x 107%)*
17 (64) (10) (15 x 1072)3

Spring 1: k = 237.2685 kN/m

(27 x10°) 2.5 x 107%)*
27 (64) (10) (12.5 x 107%)3
(a) Spring 2 inside spring 1 (parallel): keq =k, + k, = 245,706.0 N/m
(b) Spring 2 on top of spring 1 (series):

1 1 1 ky+k
- = 4+ T =

kg ko ky Kkiky

Spring 2: k = 8.4375 kN/m

which gives keq= 8147.76 N/m

Ga*
For a helical spring, k =
pring 64 n R3

(82 x 10%) (2.5 x 1072)*
17 (64) (10) (15 x 1072)3

= 14,829.28 N/m

(27 x 10°%) (1.25 x 107%)*
27 64(10) (12.5 x 107%)*
(a) Spring 2 inside spring 1: keq= k, + k, = 15,356.63 N/m

= 527.34 N/m

: , 1 1 1
(b) Spring 2 on top of spring 1: _keq "k + K
ki k 14,829.28) (527.34
ork, = —L2 = ¢ ) O34 _ 19,93 Nim

a7 k,+k, 14,829.28 + 527.34

13



Equivalence of strain energies:

1 1 s 1 1 o1 o
5 k,, y?= 2 k, x5 + 3 k x%2= 2 k, y? cos?30° + 2 k,y? sin?30
3 1
l.e., keq=Zk1+Zk2
. A E,  7(0.25% - 0.24%) (200 x 10°)
with k, = €_ = = 307,876.1 kN/m
1 25
A, E, Z(0.18% — 0.17%) (200 x 10°
and k, = =% = i )¢ ) - 289.357.2 kN/m

4y 1.9

1

3
™ 3 Ko+ 7 Ky =303,246.4 kN/m

Similarly, the equivalent damping constant can be found as (using equivalence of kinetic

energy):

3 1
Ceq= ch'f‘ ZC2=65.5N'S/m

QOuter diameter: 7.5 mm
Inner diameter: 7.3 mm

Length: 1 m

Solution: stainless steel:
E = 200GPa,
G = 83GPa,

for each tube
D=75mm,d=73mm,€3=1m

14



Axial stiffness = AE_m (D2 - dz)E
¢ 4 ¢

9
= % (0.00752 — 0.00732)@’1‘L0 = 464956 N/m = K,

Torsional stiffness = uats (D* - d%)
32 ¢

_ m (83 x 10%)
S 32Q)
for heat exchanger with 6 tubes:

Axial stiffness = 6K = 2789736 N/m
Torsional stiffness = 6Kt = 15.8524 N.m/rad

(0.0075% — 0.0073%) = 2.6421 N - m/rad = K|

Assume small angles @, and 6;; 9, =( f.)a
2]

- Xy= I’\orféonfal cfu‘sf»’a.cemenl: of C.G. of ,;,m_,, my = g r"

x,= vertical displacement of ¢.G. of mass m, = o,v, = PO r,_/
2 2'2 2

4 kon'éonf:a-’l d.-grfa.ce.men'l: of springs &, amd , = o (ri+ 1))

,2= vertical c'-‘s‘pla.ce_ment of Springs g3 and ky=9,1,= % £ 9!/"

EZU.I-VGIEYICG of k:ne{‘.'c enel’j:‘es 3I.VC$ 2

. \& s \2
z J-tz(91> =359 (9|> +< Jz(e'z>z+ 4 m,(i,y.,. Lowm, (iz>z

. - 2 .
- J'% = J+ I, (fi/hj + m, r‘,"+— m, r: (?,/I»z)z
Eguivalence of potential energes gives

4 z 2 2 -
2 %eg 6 = Lk XLty 4 L Ky 00+ L ki 0r

with %= 4 & . kyy= *3 kg Chst Ky)
= 9,(r.+l,), & = },129|/f2 and 0,= Pte'/l'z'
2 . 2
..l - x . k; * - z'
o 7 () Bre e (TR BB kst K
. 2
From eguivalence of kinetic energies,
.2 .2 .2 .2
.’i.mczx =71_"'"1x1+%m27‘ +;1_-J;6

mep = ™My (.g-_)z +m, 4+ a;(%)z

15



Let 8; = angular velocity of the motor (input)
Angular velocities of different gear sets are:

———————————————————————————————— r-——--T—-——-————-——————————

T |
J.rno‘lcr ) ‘T' : Tz: ‘;-3 : Jz* J;' : T : J.2~9 J-loa,c‘

———————————————————————— - e = e e e e e - e - e —--——-

. 1 ﬂ n
e ) > (n ) -. ' nj ] [ -' (Y\I h; . 2N -1
A 0; (m) : o, s n-"_>: : 6; \ 7z ™ an

-l—--—-—--.___—..__ -------------------

Eguivalence of kinetic energies gives

_L -Z e 2 2N 2 -Z
J;;9:=%J;,éw9;+-‘-z‘a‘e PRV é
2 %= § * z Lead load
L% = (Fugtort 5D+ G ) F ) e ) (e B

_._' N3 .. Man-in2
L +’ (2N+ ICO.J) Ny 'ﬁ?;‘)
@ E?}"‘V“‘l‘"‘e of Kinetic Cnergles 9uves
I Tep 61 = _?% Iy 61 + —‘i b e where @, = Gt(ﬂ)
Joo = T+ % (m)"
ey ~ 1 + Y2 o

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

X
ob = —h.
£
. Xp 2
This corresponds to a linear motion of point B: xg = 6, €5 = 7
3

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

"
r

Xg =T, sin 0, + €, cos § =r, sin 6, + ¢, 'Vl—t’—‘;sinz 6.
1

For large values of ¢, compared to r. and for small values

of x and 6., we have

X xy &
Xg r.sin b, =r, b, or b, =B
Te Cyr,
The kinetic energy of the system ca.n be expressed as

—%mhxh+—1b01,+ J9

z
Equating thisto T = 1 Mg X = l Meq xh, we obtain

6 )
53 Te )

Ib
meq=mh+7§-+.l,_

@ When mass m is displaced by x, the bell crank lever rotates by the angle 6, = -;i- This
1
makes the center of the sphere displace by x; = 6, €,. Since the sphere rotates with out

slip, it rotates by an angle

16



1 .l —'_J'z ' .z 'm *z z

=—z-m7¢+z 09 -(--2- ABA +-l- A A 1 T Z.ﬂl
R 2 LT % \% L(Z m rl)&z(ei_)_‘_.'zm‘ 1
-z'""*zv(-f,)* (5 1,1

\
since for a sphere, J, = T m, rl. Equating thisto T = -l-meqiz we obtain
1,7 4
=m+Jo — + = —
s a a B
F <
@ (@) 'é—l:lc" ' F: = damping force of ¢{ = c¢; (%2~ % ); i=0L2,3
l 2 ¢
—;;_Ec Fo, = dampi F c
[REa] e demeng fore of <
Xl — — xz
. C = G+ C + Cg
b < Cor— ¢ % ' .
® ST Fie ciCam )
R oY PN oY

Cez (‘:‘z = ;">

F+ Fo+ F3

Fo= ¢z (%; - %)
—=—-C F;: Cg(iq_ia)
. a * %
%‘f "'xl - xq —1.3 {- .13 - 1.(2 + i?. —_ i'
Fp _ B P £
Ce& - C3 <z <
[} []
Since F‘8= Fi=F=F; . L.

oy = € rat g
(C)Egua-ff"g the energies dissipated in o cycle,
WCe&c.Jx,:'irc,wx,z+ TC,W X, 4+ T €3 & X3
where x, = ol,, Xz- ol, and X3= of;
Ceg = Cl““z(—l—z— + C;(

(d) Ezu.a.":lnj Hve energ;e: d.snpa.f:eﬂ’ n a c.ycle,

2
=T Cpy @ a,.;.Trctzwez.;.-n-cﬁwea

where g, = g,(-‘%’;)

QY‘IJ 6; = 9| ( )
Cter, = Ct1+ e (%’zy + Cy3 (—‘%—

17



Damping constant desired = C = 180 N - s/m, viscosity of the fluid
=wu=230x10"2N-s/m?

3nD° €1+ )

cC=u Eq. (1) l— D

4 d3

do — d

Assuming x = q as the unknown with € = 5 cm, Eq. (1) can be written as

3nd x3 2 2 2
c= u(n_x_} [1 + —J or 180 = (30 x 10~ [i’i@_;ﬁﬁ’_)] %3 [1 + 2
X

4 X

This gives x3 + 2x2 — 50,929.58 = 0
Using a trial and error procedure, the solution of this cubic equation can be found as

x = 36.41. Using D = 7.5 cm, we get d = 7.5h = 0.206 cm

36.41
Damping constant 20 x 10 N - s/m
SAE 30 at 21°C

diameter of piston < 65 mm . _
D = diameter of piston

3nD3¢ 149 d d = radial clearance
443 = axial length of piston

Solution: ¢ =
olution: ¢c=p { )
u=0.31 Pa.s

Let d = 0.02 mm, D = 60 mm, and above equation gives:
3me(60%) ( 2 x 0.02
20 x 10° = 0.31 [— 1+ ——
% 4(0.02)> 60
. €=1.0135 x 1073 (m)

18



Ta.ngenf\'a-zl veloc.‘fy of inner cy'-‘nJer: -£-CJ

For small d, vrate of change of velocity of
f(uFJ s

dv 2w o
= = Z .
dr d s
Shear stress between cyl-‘nJer: s ';l-
dv
TR ST =
and shear force is 2 T
P (-4 =
F= T -Area = 7o WD(I—‘.): £ 2 d ( )

Torgue developed = My = F.2

For smell 4, rate of change of

velocity of fphid in verticad direction is
v re

dy )
rw
Shear stress s ?:/‘%" /‘A

Force on area. dA = dF = T dA

Torgue between bottom surfaces of cylinders is

- .
Mg, = fmeﬂ.JA where dm - dF. ¢ = S dr do

area

O 2T w D’
ver My = K[ [ouede =
. r=o 6=o 3 [ X 34
l _ _ _ wupo-h s
Tota {:orgue = Mg = My + My, % 4 + ¢4 -

Expressing My as G V = ¢ WD/, , we get Ja.rnp.‘nj constant:

C£= W,*:Dz (I—A) + Ttpg
2d 32h

19



F=ax+bx =(-ﬂ.:§:':+o.2i’
F(i)“F(io)+§|io(i—io)
At X =5 m/s, F(x) =5 (5) + 0.2 (25) =30 N, %lk =(5+0.4x)|s =7 and hence

Fx)=30+7(x—5)=7x—35.
Thus the linearized damping constant is given by F(x) = 7 X = ¢¢q X OF ¢q =7 N—3 [m.

Damping constant due to skin friction drag is:

c=100p ¢ d (1)
Damping constant of a plate-type damper is:
wA ‘
= — 2
: 2

where A = area of plates and h = distance between the plates. If the area of plates (A)

in Fig. 1.35 is taken to be same as the area of the plate shown in Fig. 1.84, we have A =
¢ d. Equating (1) and (2) gives

100p6%d= -‘%i (3)
from which the clearance between the plates can be determined as h = ﬁ?

2
When g = 0.3445 Pa-s, € = 0.1 m, h = 0.001 m, a = 0..02 m, and r = 0.005 m:

6 7 (0.3445) (0.1 2 _ 0.005?
=87 (10_3)2( ) {(0.02 — 0.0005)? — 0.005* [0'02 9.905_ _ ¢.001

0.02 — 0.0005
= 4,205.6394 N—s/m

2 _ 2
_8muf hy _ | |[————h
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~

.h3 2

c=6”“’[(a-é)2_,2] ,si_-_’_,;

NI:*

a -
i to: = '

Basic data I—lacm, "l=o-l¢,m) = 2em, "= 0:5 m,

Iu: 0:3445

_Da,manj consfamf Wv'fl'b La.s.‘c a(a,f’a; .
c= 4,205.6230 N-5/m

@) r changed to 4 ¢m; mew cz= 2,617.7920 N-5/m
(b) h changed to 0.05 cm; new c= 35,,60-8910 N-5/m

(c) a clno,nged to 4 ¢cm3 new C= 38,754.58¢0 N-S/m

=5+2¢ = Ae"e = A Cos 0+ 4+ A 4n8

A,_.J(;a:s e)z+ (A Ain e)"‘ = /5"4- z"' = 5.3852

:sc':sz) ’aam() 218014

>» R
e
)
]
(V]

= Qg + Q4 » 1:,_-:3..44'. =51+Lz¢-

R Ry
[
(TN
-+
~N

=;1+;z = (°1+Li)+l(0-z+"z)= 4-214
=Ae® = Acwso+ i Asing

A= 4+ (—z)z = 4.4721

o= tar' ("2) = - 265651

7 = (3-4i), 2, = (1 +2i)
1=12 —12,=(3-4i)-(1+2))=2- 6i=Ae’

where A =V 2% + (—8)* = 6.3246 and 6 = tan™’ [:;i-] = tan™! (—3) = — 1.2480 rad

@

5, =1+2i, 2, =3 —4di _
=12 2y = (1 +2()(3-4i) =11 +2i = A’

®

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

B 1+2i _ (1+2i)3+4i) _ -5 +10i . »
[ Jpe—— =-0.2 0-4 ==
Pt 3—41_ (3—41)3+41) 25 t04i=Ae

where A =V (=0.2) + (0.4)? = 0.4472

and 6 = tan™! %21] = tan™! (—2) = - 1.1071 rad
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x(t)=Xcoswt, y(t)=7Y cos (wt+ ¢)
x2

(a) X—z' =cos® wt, % = cos’ (wt + ¢),
9 =3
XY

cos ¢ =2 cos wt cos (wt + P) cos ¢

i+_yi._2 Xy
> I & XY
=cos? wt +cos® (Wt + ¢) —2 cos wt cos P cos (wt + @) (1)

cos ¢

Noting that cos? a = %- (1 + cos 2 @), Eq. (1) can be rewritten as

2 5y _,xy
¥ Ty ’xy

1,1 1,1 '
=—2—+§-cosZwt+-—2—+—2-cos(2wt+2¢)—2coswtcos¢cos(wt.+¢)

cos ¢

=1+%{2cos 2wt+22wt+2d> cos 2wt—22wt.—'-2¢5}

—2cos wtcos ¢cos (wt + @)
=1+4cos (2wt + @) cosd—2coswtcos ¢ cos (wt + )

=1+cos(2wt+¢)cos¢—2cos¢{—12- [cos(wt+d>—wt)+cos(wt+¢+wt)]}

=1+cos pcos (2wt + @) —cos d)[cos @ + cos (2 wt+¢)}
=1 —cos? ¢ =sin® ¢ (2)
(b) When ¢ = 0, Eq. (2) reduces to
2
2 .
2 P _axy _|x_Z1|
X2 Y XY X Y
which gives X = :t%— v. This indicates that the locus of the resultant motion is a

straight line. When ¢ = 12r_’ Eq. (2) reduces to
7 1

—_— =

b I &
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:

%-+-Y—,-—2-)%cos’ ¢msin® d (1)
When y = 0, Eq. (1) reduces to 3";— = sin? ¢ and hence:

x =+ Xsin ¢ =+6.2 =08 in figure  (2)
When x = 0, Eq. (1) reduces to % == sin’ ¢ and hence:

Yy =+ Ysin ¢ =26.0=0Tin figure (3)
It can be seen that

OR =X cos ¢ == 7.8 in figure (4)
0S Xsing 6.2
OR ~ Xeos ¢ tan ¢ Ty Q.8158 or ¢ = 39.2072°

From Egs. (2) and (4), wAe‘ find
X =" V(X sin ¢ + (X cos ¢)* =V(8.2)* +(7.8)* = 9.8082 mm

Equations (3) and (5) give
60 6.0

Y = — =
sin ¢  sin 39.2072°

= 9.4918 mm

(5)
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‘(a’) x(t) = _"‘_—COS(SO‘E+°() m where A is 'n mm  ---- (g))

x(0) = ?336 cos & = g:003 , Acosof = 3 ---- (&)
x (@) = - _5“;_::_0 sinod = 1 , A Sin g = -20 ----(,)

1
A={(cosa)® + (A sin x)? }/z = 20-2237 mm

= -1 /A sin -1
« = tan (—A——c;;-;( = tan (-6-6667) = -81-4692°=-1-4219 rad

z(t) = 20-2237 cos (50t -1.4213) wm
(b) cos (A+B) = CoS A cosB — sin A sin B
Eg'(E1) can be expressed as  x(t)= A cos 5ot-cos « — A sin Sot.sin «
= Ayq cos Wt + A, sin wt

where w=50, Aj=Acosx, A,=-A sin o
o ‘le) (3 cos 5ot + 20 Sin sot) mm

@ x(t) = Ay Ccos ot + Az Sin wt .
. d .
é"_:.(t) = = Ay @ sin Ot + Ayw cos Wt 3_:7 =~ A, cos Wt - A, sin Wit
2 :
aox _ W x(t) where ? is a constant

Hence x(t) is & simple harmonic motion .

@ () Using trigonometric relations:

x,(E) =% (cos 3t cos 1 - sin3t sin 1)
x,(t) =10 (cos 3t cos 2 — sin3t sin 2)

2(£) = x4(k) + xy(t) = cos 3t (5' cos 1 + 10 cos z)- sin 3t (s sin1+ 10 sin 2)
If x(t)= A cos (t+a) = Acos cst cos o = Asin wt sin
W=3, Acos =5 coS1+10cos2 = —-1-4599,
ASnda =5 4nfi +10 Sin2 = 13.3003
= ,/(A cos a{)z + (A sin ca()"1 = 413-3802
-1 (ASine N\ _ tan~t(-9-1104) = 96-2640 = 1-68 rad

of = tan
A COS &
Angle between x,(t) and z(t) is 96.2640°-573° = 38.964°
(lo) Using vector addition : Im A _x(®)

For an a.r':ih'a.ry value of

(wt +1) , harmonic motions
xg () and x,(t) can be shown
as in the f-'gure. From
vector addition, we find

x(t) = 13-38 cos(wt +1.68)
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(c) Using complex numbers: _
2, (5= Re {A1 RICL +1)} _ Re {5 e_,._fc.s{w. 1)}
x,(t) = Re {A, ei(“’t*"')} = Re {10 (F H')}
1f x(t) = Ref{A e‘(@F+ =)},
A cos(3t+) = Ay cos (3t+1) + Ap cos (3t+2)

~ #e A (cos 3t cos - sin 3t sin @) = 5(cos 3t cos 1 - sin 3t sin 1)
+10 (cos 3t. cos2 —sin3t- sin2)

e Acosof=5cCosLt +10 cos2 , ASnd = 5sinl+ (0Sin2
A= 13.3802 , &= 1:68 rad
: .68
x(t) = Re {13-3802 el3t+ 1 )}

where X, (t) = 5 sin (Wt +30") and Xz(t) = A sin (wt+ e(‘)

10 (s.‘n wt cos 60" + cos it sin Go') = § (sin wt cos 30 + cos wat-sin ao')
, . + A (sin @t.cos «°+ cos wt-sin «”)

- -
10 CoS @O = § CoS 30 + A coS « 5 A cos
10 Sin go° = 5 sin 30+ A sin «° 3 A Sin

Jo-6699% + 6.1603% = ¢.(%¢

« = tan ! ( 61603/5.¢699) = 83-7938
()= 6.1966 sin (wt + 283-7938°)

*(8)= 3 cos Tt + sinmt
= %ccs -7—{-'& (1+4sih -"zlt) F(t)

From the nature of the

graph of =(t), it . /

@ x(t)= 10 sin (Wt+60°) = x,(t) + % (t)

%
“o

>
W

can be feen that x(t)

1S PErt'ocln‘c with 0 . 2'. ; "
time rcriocl Of T= 4. \/\/\/

If x(t) is harmonic , x(t) = — w? x(t)
@ Here x(t) = 2 cosat + cos 3t
x(t) = -8 cos 2t -9 cos 3t # - constant times x(t)

x(t) is not harmonic
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x(t) = 4 cos Jt - cosmt
_“,Z

x(t) = - T ocos Tt 4 7 cos Tt # - constant times x(t)

o x(t) s not harmonic

@ x(£) = %4(#) + x,(t) = 35in 30t + 35in 29t

since S A 4+ Sin B= 2 Sin -A—:l-! cos __A—zB >
x(t) = (6 cos i)sin 2 ¢ x(t) sin 22t Gcos.*zi
2 2 2
This ezua.fl'on shows 6Mn. AT .- </
that the G'W\P“hlde s’ r\\\ ,’n « !
| \ \ C
(6 cos E) varies with YA A VAR
2 o uy N
time between o, maximum Jh U U, \ U_.\
value of 6 and @ SN SN JUERN
minimum value of O. _‘r-' -\ s AV Pt
The freauencﬂ Of this minimum

litud
oscillation (beat amplitudes

fregu.ency) is Wp= 1.
Note: Beat freguency is twice the freguency of the term
6 cos_'g since two peaks pass in each cycle of (5 Cogil)_

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

dwt Swt
wt+T] cos -—2-—]

Thus the maximum amplitude of the resultant motion is equal to 2X and the beat

frequency is equal to éw. From Fig. 1.88, we find that 2X = 5 mm or X = 2.5 mm
and

x(t) =2 X cos

bw 2w 2w _ . 2w

2 Thamt  Timgr 2 (12.8 —4.2)

= 0.374 rad/sec

or w = 0.748 rad/sec and w + bw 27 _27T _ 6.2832 rad/sec

2 Tonller
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 + éw
= 5.9092 + 0.7480 = 6.6572 rad/sec.

eriod =T = 2 _ _2m _ _ sec

P @ 62-832 -1

moaximum velocifj = AW = 005 x 62-832 = 3-14I(¢ M/s
maximum acceleration = Aw? = o0.05 (62-832)7' = 197-393 ™/
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W = 15 Cps = 94:248 vad/sec

Xmax = 059 = 05(9:81) = 4-905 m/s2 = A
A= amplitude = 4'905/(94-:).4.8)z = 0:0005522 wm
Xmax = mMaX. veloci{:j = AW = 0:05204 rn/s

x= A cos ("t > xma_‘ - A = 0:25 mm , ‘i = -(StA cos &9'&

Xmax= AGHZ 0.43 = 3924 mm/fs? ;o = 2924/, = 15696 (rad/s)
operating speed of pump= 9= 1252837 rad/y = 19-9395 vpm

1
x(t)___x,,-mi’_'_t. ; xm‘=‘lfxzmz 27t dt‘
T 7o T
47t

™
rt 7
Using sin? , We obtain
T 2
1 1
x2 Tl 1 art| |2 X2t 1 7 amt|,,
"m-[T{E 7 ]d"] ={7{'2‘ PR T ]‘o
L
X2 |r : X
=2 {= = —si -0+0} =
lT 2 3 sind4 T + v;
xt)=2% ; 0<t<
T

For even functions, x(t) = x(%).

s S %
From E&.(i.73), Ln = —% j-t-;(t) sin na9t .dt 2%5'1({;) simnat dt
]

) %
i (7
%[f x(t) sin not.dt +.J-x/:t) sin nat. dt
°

T
----(E9)

i

Since Sin (—nwf).:— Sl'n(n(at)= odd function of t, the
}»mducf of z(*) and sin net is an odd Function.
Further, for an odd function f(), F(-t)= - £(¢), and
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a

[ #e) o

-a

f}({:) d + f?(f) dt = f?(.t) dt + [ () dt
o

ff(t) dt + f,e(e) # = o (&)
Eguations () and €,) lead s by = o.

Also, since cos nwt is an even function, we get

L %
on= 5 [ m) cosmot &b = £ [0 cos noot dt
-% o ‘
For odd functions, =x(-t)=-x(#). v
-------------------- r
From Eg. (1-72),  a,= .%.fz(f) cos nast dt =% x(t) cos nwt dt
| 0

Since cos nwt is an even function, cos (..‘nwt).—. cos (newt)
the product of x(t) and cos net is an odd function.

Hence @, =o0.

Further, since sinn®dt is an odd ,cunct,-on, x(£) sin nwot is
an even function ond hence

b= £ ft/::({;) sin neot dt
Q

4\7‘({')
A, 0<tcZ — A
2 z n
(AL osts Y pre
A k4
7 T
x(t) = -A,Esfﬁ% (b) - 2 . mt
a——— -Ar
A, ,—‘E—ﬁ tﬁr Az-(t)
4 . — 2A
x@)= [ O Tt — ¢ -
2A, T2t 7

ix(ﬂ

o
niR
Q
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(aa) 'L(—t)z-x({:) odd Ffunction , hence

v ?"/ z
bn= '%,‘ jX(‘E) Sin nat . dt:__. s”_' net- dlt-f-A ffl'n nwt Jt

an - aln=0'

2'/2
A(_ cos not \To  , A, cos nwst oy
= — + — ————

Cox(t) = _ﬁ"_:_ E sin (2n-Nwt

n=1 (2“-1)

) x(—t) = x(¢t) , even function, fence b,

=)
(4 % : 317
a = 2 _2 )
0= F [ =) dt - =[A-(t), -A(t)% +A(¢) ]
T
O = % f x(t) cos nw{.-eu’
) % - .
= ZA Sin nw"-" - sinnot| 4 + Sin-nwt
Tnd -] ‘BA . 3%
= —:r" Z sin L‘Z_“' - 2 sin 3;” + Sin Zﬂ'n] ___.{ 4%# for N=1,5,2...
) ¢
: - 4A n=37M,--.
. x(¢) = 4A 2 ) 2T (n-1)t Yo for
s & = e ey ‘——'—(2“- ')' 'COS -——————?
0 t,‘(;x(f:) =?[o+7‘ _%]_z
2 T 4A t)‘c
@y = = + not d& = A (sin n&
7 | =(t) cos '
L nev g

T . _ 4A £\*
bI'|= 2 ) sn nwt At = L— (COS na )
T f = (t) )

x4
0 nés

- - _4A (cos 2Tn - cos rm‘)
ne?T oo |

©ox(t) = - 44 =

Sin (z.n-l>(df with @= z% ’
= I, @0

(J) x(-t) =x(t), even function, fence b, = 0

a = & [ ) ar = %[ZA(L«,)HA(?JZ)} 2A

(o]

o, = % f:a_) cos not dt = nwz’ [G‘m n(.9f:>/4 sin naﬂt>3r:}
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= & A sin LS Sin 2NT — sin aInT

i n&T ( ‘ ’ n+1 * ) .

Soxr@E) = 4A 2;‘ ("') oS em(zn-n ¢ with W= 2"/:'.
T c1 (@n-))

I(t):{Asin ';t , o<t < %
° '?i-st<r

\
4>

2 ¢ A % t
U = 2 ‘[-x({:) cos nwt dt = z_f j sin 8= - cos newt . dE ---- (By)
0
Using the relation sin mot. cos nwt = =N (m*")w: + o (m-_n) “t,

Eg- (E1) can be rewritten as

L%
a, = A J‘ [wsm(“.n)at + sin (£-n) wt] dt

° s

when n= 1, Qii= ? jo‘ sim 20t . dt = ©
A Al cas(1+h)6’t _ cos (1-n)wt s
when n=2,3,4,..., n= 7[ (L44n) W @-ne o
_AT1i- cos (L4n) T + 1 - cos (i—h)“']
B 2"'[ 1¢n 1-n
if n is OJJ I
={ 2A o
{ (n-L)(n+ 1) W if o even

S'.'m«'la.r(y

(4 2
L“ =—,’E,—£z({:) sin nwt dt = Z'F L‘V' _2%‘2 cos not 4t

]

[

% j.rA [Cos'(i—n)ca‘l: - (1+n) t.st] dt
1

f(&t-c.,swt-)dt = 4

when n=2,3, 4,---» | _ A [sin (1-mwt g (14n) ot ]W/ﬂ’ .

when n=1,

Tl @moe Wy |
x(t)= A L A sint _ 2A bt cos nawt
+
g 2 T (“z- i)
n=2,4,6,.--
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2At
z(t): = osts{-
'i%t-l-zA, %stst
T % T
0, = = (x@) at = Z| [ 2At _ 2At
b fow s [t s [CRE )]
L7/ %
-2 T 3AT
_-%—[%-—‘T'PA'U]: A

|13
s
1]

(2
‘%: jx({:) cos nwt dt
° z
t cos not dt + f(-z-$ t +2A> cos nest at]

2A {'l: sin nwt cos nc.st}

>

nw

: v
_ 2A }p sinnost cos nwt (_ Sin neot

o ove T
AW A
o= 2 cos nT - 22 - A"’ Aa:
_ 2A 4A |
e ger; (COS nT —i) = —h:;i », m=14,3, 5, .
? (o] 'Y n= 2; 4'1 6! A

-2 . %
=2 _ 2 2
2 J:x({') sin noot dt —?[fc; LA ¢ ook o
(4
+f(-2_.t_4.e+m)s:nmt at]
%

2A |t cos m.st 4 Sinnost }%

=224
T (4 h:.“,z
o

zA {- ¢ ‘:‘(‘;“"t + s;"z"az’t }r + 2A (_ cos m.st)"' ]
n*w nGs
% %

(&) . A cos nw e A A
=_1F[ ned +nww$2hﬂ-“—6c05n1\'_%ﬂ- cosan+;‘?%coan]=o
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n=1,3,5,
4At x
Tar » 0t < y
x(t) - i’%—,—t- +24 , Z 2t < 3T

e
S
i
ﬁl"”
—
N
=
N
“
S
G
o+
- Qe
ﬂ\
]
Lad1d
d\*
OL_)
ﬂ'
6
S
&
-~
x

+ %A f t cosnot dt - 4A € cos nut d{:]

T 34 3?/4
- £[4- {f sin nwt COSZ nut }t'/4 4A {t Sin nwt 4+ cos met T
T| T ntot J, T nw n 2 }7/4
37
+2A (sin nwt /4 + 4A {f sin nwt + cos nlff T s‘m nwf
nes -% T | n@ n*w 37/ ne )3%Y%
@ L ._. + A - 2A 24 2A
= [sn m.s s |t oS — Tt Tt
. 3nT 2A  3A 3n1\’ 2A 2A
+ S == nl-s tro " sa t ) + o8 e Tnte

4+

casurn(’-"z )_coso “ )]_._
™D TR W

T V4 T4
Ln = _EZ'_ j Z(f:) sin nwot dt = [4AJ‘ :su« neot. dt - 4A £ sin not .4t
T A z %
37,
+ 2A J /::'n nwt . dt + 4A t s nwt.dt _ 4A fz' sin nwt J.‘l:]
7] ¢ LA L7

4

%=
.4_A_—j;-—,_$|'nn69f-£—ccsndf 4 1”_4—A 1
T n“es nw —.c- h"

-'tz'_ z Sin nwt

e = e ;f____
S coSnwt}+ * + 1A (— ‘-@)T- z 4A {—;—t’— sin not

n

o
E
"
5

ny
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' = - A
- ;t— cos nwt = - 4A (- cos nat [
iz 3T nw )31: _ 3w

(A
+ - 0 ‘ F T o
4A . nTr . 3nT 0 § m is even
= T3 (Sm T - Sin 2 ) - {
mTn gA '_‘;}
gy (-1) 2 if nis odd
A n-1
x(t)= ==L N\ 2 sin not
F3 Z ( 1) =

_ 2 (% A (° t 2 \T
a,o--.-,-jx(t)o\t;?_o@——.g)&t-_:.2_{_“.(_%) = A
]

T . . T
@y, = 77;}‘ f x(t) cos nwt dt - 2A (50 nd nwst _% sinnot _ cos nost o
o T nw T nW Tnte?

)

v s nwt .+ cos ndt  sin nwt "“/"-’
Ln=—.:-.-fx(t) sinnwtdtzl-ﬁ(- +‘—E - = )

(-]

> ) naw T n*e?
- A
mn
A iﬂ Sin nwt
. X(t) - ™ “-1 c—————

The truncated series of k terms can be denoted as

k _
ycosnwt+ Y bysinnwt (1)

n=1

Mw

x(t) =

P
-+

-]
1
=

with X(t) denoting an approximation to the exact x(t) given by Eq. (1.70). The
error to be minimized is given by

E= ”}u e?(t) dt | (2)
~xfw
where e(t) = x(t) — x(t) (3)

and x(t) is the exact value (with infinite series on the right hand side of Eq. (1)).

Treating E as a function of the unknowns a; and by, it can be minimized by
setting:

r/w .
%:2_;{/&’[x(t)_i(t)}[—cosnwt] dt =0 (4)
o _ .
- —2_"fw{x(t)—x(t,)}[—smnwt]dt=0 | (5)
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Rearranging Eq. (4) gives

rfw

r/w

[ x(t)cosnwtdt= [ X(t)cosnwtdt

- fw

~fw

(6)

Using orthogonalty property, the right hand side of Eq. (8) can be expressed as

This leads to

*Ju 0 form#n

[ x{t)cosnwtdt=qy3, 7

—x/w " form=n
rjw T
] x(t)cosnwtdt=:'i-—
-1 fw w

w n/w
or En=-; f/x(t)cosnwtdt : n=01,2 .., k

-r/w

In a similar manner, we can derive:

rfw

n

—rfw

“ [ x(t)sinnwtdt ; n

(7)

(8)

(9)

(10)

It can be observed that Eqs. (9) and (10) are simlar to those of Egs. (E.3) and
(E.4).
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i3 io-aG 147 17-986¢  —43.4221 |-33.2333 -33:2347'-43.4229 (79847
. . -28. I ]
l'l;:z;.g in;-l-al E ,z:,::,';’ 28-9911 1 0r0000 —41.0000 | -28.9905 -28.9923
otos |y 49747 . 94927 - T921 | 49755 —i2:0/02
__-'l______;.____‘-__-’_'f_‘_'ff’____?_'f‘_3?:__';__'?:???_0.““0-oooo ! Z.0000 0.0000
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16 .
s () 558 -166.7897 -31:3273 -11-6552 =954 -43-2234 26.323

=1

16 _
s;-z( ) 69-75 -20-3487 ~3.9160 —1-456% -11-9498 _s5.4029 3.3535

=1

Speed = 100 rpm
In a minute, a point will be subjected

to the maximum pressure,
A=p_. =700kPa,

100 x 4 = 400 times. A=z Py
Hence period =t = 60 _ 0.15 sec. |
400
A,0 _ —

b

\ pressure, (1)

_{ s;tsr/4} r~ > 5T rye >
PO= g ta<t<n ° % T W timet
2J.r 2 T/4 A
= — = =A —J—
8,= ~ . p(t)dt - (t), 5 350 kPa
21° 2A |si tw1 A mm
am=__|. p(t) cos m ot dt = (smmm] = —— sin —
T Yo mo J mm
21" 2 A |si ttl4 A mT
bm=—J. p(t) sin m ot dt = — smmm} = —— (cos——l}
T Yo T mo 5 mm 2
Evaluation of a_ and b_:
""" e e R = S
________________ RN Sy S s
A, T _ A : . : A . 3=
a, = —sin — = — 3= ——sinn=0 , 3= — sin ——
n \ i . 3n 2
= 222.817 kPa : : =-74.272 kPa
] ]
A T 1 A ] A 3
b.=- = 21 b.= -—— -1 b, = —— cos——lJ
1 T (cosz j L2 271<C0S1t ) 3 31r( 2
= 222.817 kPa . =222.817 kPa . =74.272 kPa
________________ 1 U Sy | U T R ]
'.p(t)=§2£+2 (a,cosmwt+b sinmowt)kPa

m=1
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Speed = 200 rpm
In a minute, a point will be subjected 0 pressure , p(¢)

to the maximum pressure, :
A=p_.. =700 kPa, A= Pm’x
200 x 6 = 1200 times. _
Hence period =1 = 60 = 0.05 sec.
1200
_JA,0 st=<1/4 o T TE I time, ¢
p(t) = 0,7/4<t<n “

= 350 kPa

2 [ 2,7 _ A
a,= _[O p()dt= ZA(), = 5

/4
2 (* 2A [ si A .
a =?I P(t)cosmmtdt=—r—(31nmmtj = m7
0

m o) nm 2

/4
9 oA ( s A
b =—J‘ p(t) sinmmtdtz_—(_sm—rnm_tJ = _ (cosm_n_]_]
0 T m o 2

Evaluation of a_ and b_:

m = 1 m= 2 : m=3
________________ PR L b T T
A . T A : . \ A . 3=n
a, = —sn - = — 8= ——sinn=0 , 83 = —— sin ——
2 n . T . 3n 2
= 222.817 kPa : : = -74.272 kPa
1 1
A T | A 1 A 3n
b,=- — - -1 b,=—— (cosmt -1 b,=—— COS——lj
1 n(cosz J 1By =g )b 31:[ 2
= 222.817 kPa ' =222.817 kPa \  =74.272 kPa
________________ L e e e e e e e el e . - e e e e, - —-m---—-————--
pt)= =2 + X (a cosmot+b, sinmot)kPa
m=1
Py LT S in=r SmE3__ . -
ot 1 Mg +: ' wt:! 4xts! o et ewil
- PN Ty cos TR D My sind) — My sini ! — MM G
i i :M'h Cos Tt Mg, .fmo.ou :l Mt_‘:tps .ol ;Mt‘.ﬁn‘..u; Mt‘:"” voiz; 7 0.012
T 1 ] » ' 3 'T
1! 0.0005 E 770 ) 743.7627 1199, 2902 :666-8391 1385-0000! 544+ 4712 1544 4731
zia.oolo E 8io } 70(.4802 3405.9“7 ‘4041188 hot-q-uz: 0+0000 1 810+0000
3:0.0015 ' ;50 : 60t.0398 :co(.aq,-/ ; 0:0000 E!So.“ao:- ‘¢¢.,q¢1i‘°.,,;73
' . : 'o . N ] [] '-
4-!a 0020 : ;454 9978 17880845 |-455-0041 ' 7880808} — ?0:00c0 | 040000
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3 'o..'zgn 25.00 1 12'50 16.26 0‘00 16.72 0. ; 6.36

6 'o.150 26.00 ' 6.73 21,65 1 -12.50 23.00 | -ls'go 17.00

7 10417 ' 28.00 | 0.00 35.11 ' =22.5 21.65 + =25, 6 16.26

5 o. 2050' 2800, 9.0 128.00  722.52 1300 8.0 0.0

sl BELR ad e

200 V -24. 31 ' -17. -16.50 | 23. -28.00

;EE BEIHE 88 2 ErE

2 0. 3:3' g:.oo | -23.18 14.50 | M.sg -34.00 ! 24'82 0.00

13 ' .00 ' ’ 6.21 ! ) -25.11 , : 24 .04

,9° -2 :

i EE R de ke T i ue

15 0. | ) -8. ' 0. ' * 16.

5 1075 ! | 40.00 | -34.60 er e oo 1 e 0.00

17 5%'4“: 8.00 | -iz.13 -2 0 , 0.0 34.64 | -22.63 -22.63

s ALt a0 LT o .00 1820, o

19 | 0.475 ) LS B+ A v a3 8.00, .13 -12.78

20 9.5 5: -28.00 | _7' 14.00 M. 3 -2.50 ! _3°°° 0.00

2 0ere ! 13300 | 8050 27,05 | 26.25 000 | 000 -14.00

22 1ows s, -33.00 ! a3 32,04 |8‘25 14.00 ' | .00 -14.00
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23 !g.575 ) -22.00 ; -21.25  5.69 [-19.05 11.00 1 -15.56  15.56

1 0.600! 0.00 ! 0.00 0.00 ! 0.00 o.oo_j 0.00 0.00 -

Bt S Rttt it sl ‘. - ———
24
=( ) 239.00 -241.90 282.30  39.72 147.18  45.26 -4.88
o=t
. 24
2 Ef ) 19.92 -20.16 23.53 3.31  12.26 3.77  -0.41
%============= ------ s S S T N T S S S S S S S S S S RN R RS ESEEEEEEEEEEEEs
%

$Programl.m _
$Program for calling the subroutine FORIER

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

sums=0.
sumc=0.0;
for i=l:n

0;
0

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

end

a(ii)=2.0*sumc/n;
b(ii)=2.0*sums/n;

end

>> programl

Pourier series expansion of the function x(t)

Data:

Number of data points in one cycle = 16

Number of Fourier Coefficients required = 3

Time period = 3.200000e-001

Station

Results of Fourier analysis:

Time at station i: t(i)

2.

4.
.000000e-002
.000000e-002
.000000e-001
.200000e-001
.400000e~001
.600000e-001
.800000e-~001
.000000e-001
.200000e-001
.400000e-001
.600000e-001
.800000e-001
.000000e-001
.200000e-001

WWRNNRNNDNNP PO

000000e-002
000000e-002

x(i) at tii)
9.000006e+000

SEaaRWWABRULOAUBERENRHF

.300000e+001
.700000e+001
.900000e+001
.300000e+001
.900000e+001
.300000e+001
.700000e+001
.900000e+001
.500000e+001
.500000e+001
.100000e+001
.700000e+001
.100000e+001
.300000e+001
.000000e+000

azero=6.975000e+001

values of i

2
3

a(i)
-2.084870e+001
-1.456887e+000
~5.402900e+000

b{i)
-3.915985e+000
-1.14497%e+001

3.353473e+000
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x(t)

for i = 1: 101

t(i) 0.32*(i-1)/100;

x(1i) 34.875 - 20.8487*cos(19.635*t(i)) - 3.9160*sin(19.635*t(i))...
- 1.4569%cos(39.27*t(i)) - 11.4498*sin(39.27*t(i))...
- 5.4029*cos(58.905*t(i)) + 3.3535*sin(58.905*t(i));

end
plot(t,x)
xlabel('t’);
ylabel(’'x(t)’);

70 . : ; : : —

1
o L ] 1 1 1 ]
1} 0.05 0.1 0.15 0.2 0.25 0.3 0.35
t
$ Ex1_78.m
u = 0.3445;
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;
cl(i) = ( 6*pi*u*1l/(h073) ) * ( (a0 - h0/2)"2 - r(i)"2)...
* ( (a0"2-r(i)~2)/(a0-h0/2) - 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*pi*u*l/(h(i)”3) ) * ( (a0 - h(i)/2)"~2 - r0“2 )
* ( (a0”2- r0‘2)/(a0 h(i)/2) - h(i) );
end
% Third case, a changes
for i = 1:101
a(i) = 2 + (i-1)*2/100;
c3(i) = ( 6*pi*u*1l/(h073) ) * ( (a(i) - h0/2)*2 - r0"2 )...
* ( (a(i)~2-r0~2)/(a(i)-h0/2) - h0 );
end
subplot (311);
plot(r,cl);
xlabel(’r’);
ylabel(’c(r)’);
subplot (312);
plot(h,c2);
xlabel(’h’);
ylabel(’c(h)’);
subplot(313);
plot(a,c3);
xlabel(’a’);
ylabel(’c(a)’);

0
4
4

1050.55 06 065 07 075 08 08 09 095 1

T T T T T T T T ¥

c(r)
w H
n /

> ol
g

c(h)
N

0 s 1 1 L Lo k. I i 2
0.95100.055 0.06 0.065 0.07 0075 0.08 0085 0.09 0.085 0.1

WwFr

2 22 24 26 28

32 34 36 38 4
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$ Ex1_79.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, '--7);
xlabel('x’);

ylabel(’'ka: solid line kb: dash line’);

9000 Y T T

80001 .

7000

ka; solld line kb: dash line
. [4,] [*2]
§ o o
S 8 3

T T )

-

N
S
o
T
\
\
\

-
-
-
-
- -
e

% Ex1_80.m

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

end

plot(t,x);

xlabel(‘t’);

ylabel(’x’);
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30

Results of Exl1_81
dddkdddehd kN rhkRddhhkkii
Please input the data:
Please input n:

24 _

Please input m:

3

Please input time:

0.012 ‘

Please input the value of x{il, i = 0, . n-1:

770 810 850 910 1010 1170 1370 1610 1896.1750 1630 1510 1390 1290 1190

1110
1050 990 930 890 850 810 770 750
Please input the value of t{il, i =0, ... n-1:
0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
0.0045 0.005°0.0055 0.006 0.0065 0.007 0.0075 0.008
0.0085 0.009 0.0095 0.010 0.0105 0.011 0.0115 0.012

FOURIER SERIES EXPANSION OF THE FUNCTION X(T)

DATA:

NUMBER OF DATA POINTS IN ONE CYCLE = 24
NUMBER OF FOURIER COEFFICIENTS REQUIRED = 3
TIME PERIOD =

TIME AT VARIOUS STATIONS, T(I)
.000000e-004
.500000e-003
.500000e-003
.500000e-003
.500000e~-003
.050000e-002

Hooktbuo

BPONUTWE

1.200000e-002

.000000e-003
.000000e-003
.000000e-003
.000000e-003
.000000e-003
.100000e-002

RPOaUVWwE

.500000e-003
.500000e-003
.500000e-003
.500000e-003
.500000e~-003
.150000e-002

HEHEOOMNR_N

.000000e-003
.000000e-003
.000000e-003
.000000e-003
.000000e-002
.200000e-002



KNOWN VALUES OF X(I) AT T(I)

7.700000e+002 8.100000e+002 8.500000e+002 9.100000e+002
1.010000e+003 1.170000e+003 1.370000e+003 1.610000e+003
1.890000e+003 1.750000e+003 1.630000e+003 1.510000e+003
1.390000e+003 1.290000e+003 1.190000e+003 1.110000e+003
1.050000e+003 9.900000e+002 9.300000e+002 8.900000e+002
8.500000e+002 8.100000e+002 7.700000e+002 7.500000e+002
RESULTS OF FOURIER ANALYSIS:
AZERO = 2.275000e+003
‘ VALUES OF I, A(I) AND B(I) ARE
1 " -4.149436e+002 1.503138e+002
2 2.860518e+001 -1.461703e+002
3 3.572730e+001 5.515471e+001
Results of Ex1_82
o de de Jr de de e dr de ok de de Jr e e e de e gk g ke de ok ke de
Please input the data:
Please input n: .
16
Please input m:
3
Please input time:
0.32 )
Please input the value of x([i], i =0, ... n-1:
9 13 17 29 43 59 63 57 49 35 35 41 47 41 13 7
Please input the value of t[i], i = 0, . n-1:
0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32
FOURIER SERIES EXPANSION OF THE FUNCTION X(T)
DATA:
NUMBER OF DATA POINTS IN ONE CYCLE = 16
NUMBER OF FOURIER COEFFICIENTS REQUIRED = 3
TIME PERIOD = 3.200000e-001
TIME AT VARIOUS STATIONS, T(I) =
2.000000e-002 4.000000e-002 .000000e-002 8.000000e-002

1.000000e-001
1.800000e-001
2.600000e-001

1.200000e-001
2.000000e-001
2.800000e-001

.400000e-001
.200000e-001
.000000e-001

WO

KNOWN VALUES OF X(I) AT T(I) =

9.000000e+000 1.300000e+001 1.700000e+001
4.300000e+001 5.900000e+001 6.300000e+001
4.900000e+001  3.500000e+001 3.500000e+001
4.700000e+001  4.100000e+001 1.300000e+001

RESULTS OF FOURIER ANALYSIS:

AZERO = 6.975000e+001

VALUES OF I, A(I) AND B(I) ARE

1 -2.084870e+001 -3.915985e+000
2 -1.456887e+000 -1.144979e+001
3 -5.402900e+000 3.353473e+000

1.600000e-001
2.400000e-001
3.200000e-001

2.900000e+001
5.700000e+001
4.100000e+001

7.

000000e+000
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Results of Ex1_83

[ZSX2 2 EXEZEEE2 2RSS 2SR R R R &0

Please input the data:

Please input n:

24

Please input m: \

6 _

Please input time:

0.6

Please input the value of x{i], i = 0, ... n-1:

9 17 23 25 26 28 33 35 34 29 24 26 32 40 18 8 -5 -14 -28 -37 -33 -29 -
22 0 '

Please input the value of t[i], i =0, ... n-1:

0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 0.275 0.30
0

0.325 0.350 0.375 0.400 0.425 0.450 0.475 0.500 0.525 0.550
0 .

0.575 0.60

FOURIER SERIES EXPANSION OF THE FUNCTION X(T)

DATA:

NUMBER OF DATA POINTS IN ONE CYCLE = 24
NUMBER OF FOURTIER COEFFICIENTS REQUIRED = 6
6.000000e-001

TIME PERIOD =

TIME AT VARIOUS STATIONS, T(I)

.500000e-002
.250000e-001
.250000e-001
.250000e-001
.250000e-001
.250000e-001

b WNFEN

5.000000e-002
1.500000e-001
2.500000e-001
3.500000e-001
4.500000e-001
5.500000e-001

KNOWN VALUES OF X(I) AT T(I)

7.500000e-002
1.750000e-001
2.750000e-001
3.750000e-001
4.750000e-001
5.750000e-001

.000000e-001
.000000e-001
.000000e-001
.000000e-001
.000000e-001
.000000e-001

OVl W=

9.000000e+000 1.700000e+001  2.300000e+001 2.500000e+001
2.600000e+001 2.800000e+001  3.300000e+001 3.500000e+001
3.400000e+001 2.900000e+001  2.400000e+001 2.600000e+001
3.200000e+001 4.000000e+001 1.800000e+001 8.000000e+000

-5.000000e+000
-3.300000e+001

-1.400000e+001
-2.900000e+001

-2.800000e+001
~2.200000e+001

-3.700000e+001
0.000000e+000

RESULTS OF FOURIER ANALYSIS:

AZERO = 1.991667e+001
VALUES OF I, A(I) AND B(I) ARE

2.352528e+001
1.226463e+001

-4.063822e-001

-2.015867e+001
3.309933e+000

3.771938e+000
-9.584350e-001 3.247643e+000
1.137750e+000 -1.871580e+000
-1.166755e+000 1.249975e+000

aoaunedaw NP
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Results of Ex1_84
ddkhkkhhkdhkhhrkdhkdhkkddekhdhhx
Please input the data:
Please input n:

14
Please
10
Please
0.35
Please input

input m:

input time:

the value of x[i], i =0, ... n-1:

0.45 -0.8 -0.9 -0.6 -0.75 -0.7 0.55 1.75 1.65 0.25 -1.1 -1.4 -1.05 0.0
Please input the value of t{i}, i = 0, ... n-1:

0.025 0.05 0.075 0.1 0.125 0.15 0.175 0-2 0.225 0.25 0.275 0 3 0.325 0
.35

' FOURIER SERIES EXPANSION OF THE FUNCTION X(T)
DATA

NUMBER OF DATA POINTS IN ONE CYCLE 14 ‘
NUMBER OF FOURIER COEFFICIENTS REQUIRED = 10
TIME PERIOD = 3.500000e-001

TIME AT VARIOUS STATIONS, T(I) =

2.500000e-002
1.250000e-001
2.250000e-001
3.250000e-001

5.000000e-002
1.500000e-001
2.500000e-001
3.500000e-001

7.500000e-002
1.750000e-001
2.750000e-001

2.105353e-314

RNOWN VALUES OF X(I) AT T(I) =
4.500000e-001 -8.000000e-001
-7.500000e-001 -7.000000e-001
1.650000e+000 2,500000e-001
-1.050000e+000 0.000000e+000

-9.000000e-001
5.500000e-001
-1.100000e+000
2.105353e-314

RESULTS OF FOURIER ANALYSIS:

AZERO = -3.785714e-001

VALUES OF I, A(I) AND B(I) ARE

-3.504626e-001
9.240901e-001
-1.712710e-001
2.469142e-001
1.043036e-001
5.600801e-002
4.775167e-006
-5.599619e-002
-1.042959e-001

-2.469100e-001

-6.195109e-001
4.624270e-001
4.149472e-001
2.227148e-002
-4.543377e-002
-2.043688e-002
-5.000000e-002
-2.043367e-002
-4.542944e-002

10 2.228333e-002

VWOTAULP WN

1.000000e-001
2.000000e-001
3.000000e-001
3.416413e-312

-6.000000e-001
1.750000e+000
-1.400000e+000
1.190440e-311
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The main program and the Outpu.t are shown below.

C FOLLOWING & LINES NEED TO BE CHANGED FOR A DIFFERENT PROBLEM
DIMENSION X(24),T(24), XSIN(24), XCOS(24):A(5). B(3)
DATA N.M, TIME /24, 5,0.012/ :
DATA X/770, 810,850,910, 1010, 1170, 1370, 1610, 1890, 1750, 1630, 1510,
2 1390, 1290, 1190, 1110, 1050, 990, 930. 890, 850, 810, 770, 750/
DATA T /. 0005..001,.0015,.002,.0029,.003,. 0035, . 004, . 0045, . 000,
o> 0055, . 006, . 0065, . 007, . 0075, . 008, . 0085, . 009, . 0095, . 01, . 0105,
3 .011,.0113,.012/
C END OF PROBLEM-DEPENDENT DATA
CALL FORIER (N:M, TIME. X, T: AZERO, A, B, XSIN, XCOS)
PRINT 100

100 FORMAT (//,46H FOURIER SERIES EXPANSION OF THE FUNCTION X(TY, 7/}
PRINT 200, N,M. TIME

200 FORMAT (&6H DATA:, //.37H NUMBER OF DATA POINTS IN ONE CYCLE =, 15,
2 /.42H NUMBER OF FOURIER COEFFICIENTS REGUIRED =, IS5, /.
3 144 TIME PERIOGD =,E15.8)
PRINT 300, (T(I),I=1.N}
200 FORMAT ¢/, 33H TIME AT VARIOUS STATIONS., T(I) =,/, (4E15.8,1X))
PRINT 400, (X(I),I=1,N)
400 FORMAT (/,31H KNOWN VALUES OF X(I) AT T(I} =,/,{4E15.8,1X))
PRINT 500
S00 FORMAT (//,29H RESULTS OF FOURIER ANALYSIS:, /)
PRINT &00. AZERO
400 FORMAT (BH AZERO =,2X,E15.8,//,31H VALUES OF I, A(I) AND B(I) ARF
2 .:7)
Do 700, I =1, M
700 PRINT 800. I, A(I), B(I)
800 FORMAT (IS, 2X,E1S5.8,2X,E15.8)
STOP
END

FOURIER SERIES EXPANSION OF THE FUNCTION X(T)

DATA:
NUMBER OF DATA POINTS IN ONE CYCLE = 24

NUMBER OF FOURIER COEFFICIENTS REQUIRED = S
TIME PERIOD = 0. 11999998E-01

47



TIME AT VARIOUS STATIONS,
. 50000008E-Q03
. 24999999€E-02
. 45000017E-02
. 64999983E-02
. B4999986E-02
. 10499999E-01

00000

000000

KNOWN VALUES OF X(I) AT T(I)

000000

. 77000000E+03
. 10100000E+04
. 18900000E+04
. 13900000E+04
. 10500000E+04
. 85000000E+03

0. 81000000E+03
0. 11700000E+04
0. 17500000E+04
0.
o
o

12900000E+04

. 99000000E+03
. 81000000E+03

RESULTS OF FOURIER ANALYSIS:

AZERD =

0. 22750000E+04

T(I)
. 99999793E-03
. 30000000E-02
. 49999990E-0=2
. 69999793E-02
. 89999996E-02
. 11000000E-01

. 15000000E-02
. 35000001E-02

. 75000003E~-02
. 95000006E-02

o
o
0. 55000000E-02
g
0
0

. 11500001E-01

VALUES OF I. A(I1) AND B(I) ARE

AL WN -

-0. 41494360E+03
0. 28605835E+02
0. 35727844E+02

-0. 40830078E+02
0. 11577332E+02

. B5000000E+03
. 13700000E+04
. 16300000E+04
. 11900000E+04
. 93000000E+03
. 77000000E+03

0. 15031395E+03
-0. 14617058E+03
0. 55154602E+02
0. 14440117E+01
-0. 16659973E+02

000000

000000

. 20000001E-Q2
. 40000007E-02
. 40000010E-02
. 80000013E-02
. 10000002E-01
. 11999998E-01

. 91000000E+03
. 16100000E+04
. 15100000E+04
. 11100000E+04
. 89000000E+03
. 75000000E+03

The main program and the output are given below.

anoarc

C FOLLOWING & LINES NEED TQ BE CHANGED FOR A DIFFERENT PROBLEM

DIMENSION X{1&6}),T{14&}, XSIN{1&), XCOS{14}, A{3), B(5)
DATA N, M, TIME /1&,5,0. 32/

~
[

13.,7.7
DATA T /.02,
2 .3,.32/

. 04,

. G4, . 08:

C END OF PROBLEM-DEPENDENT DATA
CALL FORIER (N.M,TIME, X, T, AZERQ.: A, B, XSIN. XCOS)

300

400

PRINT 100

N PN

12,.14,. 16, .18,

2 29

[ 4]

. 24, .

DATA X /9..13..,17..29..43..,59..63.,57..49.,35.,35.:41..,47..41.,

26, . 2%

FORMAT (//,44H FOURIER SERIES EXPANSION OF THE FUNCTION X(T).//)

PRINT 200,

-
[

N, M, TIME

FORMAT (&H DATA:, //,37H NUMBER OF DATA POINTS IN ONE CYCLE =.1%5,
/» 42H NUMBER OF FOURIER COEFFICIENTS REQUIRED =, IS, /.

3 14H TIME PERIOD =,E15. 8)

PRINT 300,
PRINT 400,

PRINT 500

(T(I), I=1,N)
FORMAT (/,33H TIME AT VARIQUS STATIONS.
(X(I), I=1.N)

FORMAT (/,31H KNQWN YALUES OF X(I) AT T(I) =./,(4E15.8,1X))
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500 FORMAT (//,29H RESULTS OF FOURIER ANALYSIS:,/)

PRINT &0C. AZERO
600 FORMAT (BH AZERO =,2X,E15.8,//,31H VALUES OF I, A(I) AND B(I) ERF
2.7)
DO 700, I =1,M
700 PRINT 800. I, A(I), B(D)
800 FORMAT (I5,2X,E15.8,2X,E15.8)
STOP
END

FOURIER SERIES EXPANSION OF THE FUNCTION X(T)

DATA:

NUMBER OF DATA POINTS IN ONE CYCLE = 16

NUMBER OF FOURIER COEFFICIENTS REQUIRED = 9

TIME PERIOD = 0. 31999999E+00

TIME AT VARIQUS STATIONS, T(I) =
0. 20000000E-01 0. 39999999E-01 0.
0. 10G00GO2E+0C 0. 12G00C00E+QQ 0.
0. 18000GO1E+Q0 0. 19999999E+00 0.
0. 25999999E+0Q 0. 27999997E+QQ Q.

KNOWN VALUES OF X(I) AT T(I) =
0. 90000000E+01 0. 13000000E+02 O.
43G00000E+02 0. 59C00CGO0E+C2 0.
0. 49000C00E+02 Q. 35C00CO0E+02 0.
0. 47000000E+02 0. 41GO0000E+0O2 O.

RESULTS OF FOURIER ANALYSIS:

AZERO = 0. 497500GCE+02

VALUES CF I, A(I} AND B(I}) ARE

1 -0.20B48709E+G2 -0.391597
2 -—0.14568995E+01 -0. 114497
3 -G.5302F312E+C1 0. 333351
4 -0.17500381E+C1 0. 249993
3

-J. 261292445E-01 0. 1020722

59999999E-01
1399999FE+0C
22000003E+00
30000001E+00

0000

17000000E+02
43000C00E+02
35000000E+02
13000000E+02

oo 00

37E+Gi
Q7E+OE
75E+01

'3=+|Il

=“=‘PIIL

. 79999983E-01
. 16GO0CO3E+QC
. 24000001E+00
. 31999999E+00

. 29000000E+02
. 37000000E+Q2

. 41000000E+02
. 70000000E+01

The main pregram and the output are shown below.

C FOLLOWING & LINES NEED TO BE CHANGED FOR A DIFFERENT PROBLEM

DIMENSION X{24}, Ti24), XSIN{24), XCOS5{24}, Al{&), B (&)

DATA N. M. TIME /24, 6,0. 6/
DATA 1/9:.17,
e —-28,-37.-33, 29, -22. 0/

223: 25, 2&, 28 33, 35; 34.: 2
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DATA T /.025,.05,.075,.1,.125..195,.175..2,.225,.25:.275, . 3,. 00,
2 .35,.375,.4,.429,.45,.47%5,.5,.529,.55,.575,. &6/
C END OF PRGELEM-DEFPENDENT DATA

CALL FORIER (N, M, TIME, X, T. AZERQ, A, B, XSIN. XCOS)
PRINT 100

100 FORMAT (//,4&6H FQURIER SERIES EXPANSION OF THE FUNCTION X(T).//)
PRINT 200, N, M, TIME

200 FORMAT (&H DATA:.//,37H NUMBER OF DATA POINTS IN ONE CYCLE =, 1},

-

2 /,42H NUMBER OF FOURIER COEFFICIENTS REQUIRED =, IS, /.
3 144 TIME PERIOD =,E15.8)

PRINT 300, (T(I).I=1,N)
300 FORMAT (/,33H TIME AT VARIOUS STATIONS. T(I) =,/, (4E15.8,1X))
PRINT 400, (X(I),I=1,N)
400 FORMAT (/,31H KNOWN VALUES OF X(I) AT T(I) =/, {4E15.8,1X))
PRINT 500
500 FORMAT (//,29H RESULTS OF FOURIER ANALYSIS:./)
PRINT &00. AZERO
600 FORMAT (BH AZERO =,2X,E15.8,//,31H VALUES OF I. A(I) AND B(I) ARt
' 2 :/7)
700 PRINT 800, I, A(I), B(I)
800 FORMAT (15,2X,E15.8,2X,E15.8)
sTOP
END

FOURIER SERIES EXPANSION OF THE FUNCTION X(T)

DATA:

NUMBER OF DATA POINTS IN ONE CYCLE = 24
NUMBER OF FOURIER COEFFICIENTS REGUIRED = -
TIME PERIOD = 0. 60000002E+00

TIME AT VARIOUS STATIONS, T{I) =

0. 24999999E-01 0. SOC00001E-01 0. 74999988E-01 0. 10000002E+00
0. 12500000E+00 Q. 14999998E+00 Q. 17500001E+CQO 0. 19999999E+00
0. 22500002E+00 0. 25000000E+0Q0 0. 27499998E+00 0. 30000001E+0Q0
0. 32499999E+00 0. 35000002E+00 0. 37500000E+0Q Q. 3999999BE+00
0. 42500001E+0Q 0. 44999999E+00 Q. 47500002E+00 0. 50000000E+0Q0
Q. 52499998E+00 0. 55000001E+00 0. 57499999E+0Q 0. 40000002E+00
KNOWN VALUES OF X(I) AT T(I) =

0. 90000C00E+01 0. 17000000E+02 0. 23000000E+02 0. 25000000E+02
0. 26000000E+02 0. 28000000E+02 0. 33000000E+02 0. 35000000E+02
0. 34000CG00E+02 0. 29000Q00E+02 0. 24000000E+02 0. 26000000E+02
0. 32000000E+02 0. 40000000E+02 0. 18000000E+02 0. B0000000E+01

-0. 50000000E+01-0.
-0Q. 33000000E+02-0. 29C00000E+02-0. 22000000E+02 0

14000000E+02-0. 28000000E+02~0. 37000000E+02

RESULTS OF FOURIER ANALYSIS:

A

ZERO =

0. 199164672E+02
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VALUES OF I, A(I) AND B(I) ARE

-0. 201584674E+02 0. 23525284E+02
0. 33099222E+01 0. 12264636E+02
0. 37719278E+01 —0. 40640426E+00
. 95843577E+00 0. 32476425E+01
0. 113774630E+01 —0. 18716125E+01
-Q0. 11667604E+01 0. 12500324E+01

The main program and the output avre given below.

cubN-
|
(=]

C FOLLOWING & LINES NEED TO BE CHANGED FOR A DIFFERENT PROBLEM
DIMENSION X(14), T{14), XSIN(14), XCOS(14),A{(10},B(10)
DATA N. M, TIME /14,10,0. 35/
DATA X /.45, -.8,-. 9 ~. &:=.75~-.7,.95,1.75: 1. 85,.25,-1. 1,
2 -1.4,-1.05,0.0/
DATA T /.025,.095,.075,.1,.125,.15,.175,.2,.22%,.25,.275,.3,. 3
2 .35
C END OF PROBLEM-DEPENDENT DATA
CALL FORIER (N.M, TIME, X, T, AZERO, A, B, XSIN, XCOS)
PRINT 100

100 FORMAT (//,4&H FOURIER SERIES EXPANSION OF THE FUNCTION X(T),//)
PRINT 200, N.M. TIME

200 FORMAT (&H DATA:, //,37H NUMBER OF DATA POINTS IN ONE CYCLE =,1)%,
o /,42H NUMBER OF FOURIER COEFFICIENTS REQUIRED =, 15./.
3 14H TIME PERIOD =, E15. 8) )
PRINT 300, (T(I).I=1.N)
360 FORMAT (7, 33H TIME AT VARICUS STATIONS, T(I) =/, (4E15.8, 1X))}
PRINT 400, (X(I),I=1,N) ‘
400 FORMAT (/,31H KNOWN VALUES OF X(I) AT T(I} =, /» {4E15. 8, 1X))
PRINT 500
500 FORMAT (//.29H RESULTS OF FOURIER ANALYSIS:, /)
PRINT 4600, AZERO
600 FORMAT (8H AZERO =,2X,E15.8,//,31H VALUES OF 1, A(I) AND B(I) ARE
2.7)
DO 700, I =1, M
700 PRINT 800, I, A(I), B(I)
800 FORMAT (I5,2X,E15.8,2X,E15.8)
STOP
END

FOURIER SERIES EXPANSION OF THE FUNCTION X(T)

DATA:

NUMBER OF DATA POINTS IN ONE CYCLE = 14
NUMBER OF FOURIER COEFFICIEMNTS REQUIRED = 10
TIME PERIOD = 0. 35000002E+00
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TIME AT VARIOUS STATIONS, T(I) =
0. 24799999E-01 0. S0000Q01E-01 0. 74999988E-01 0. 10000002E+00
0. 12500000E+00 0. 14999998E+00 0. 17500001E+00 0. 19999999E+00

0. 22500002E+00 0. 25000000E+QC 0. 2749999BE+00 0. 30000001E+00
0. 32499999E+00 0. 35G00002E+00

KNOWN VALUES OF X(I) AT T(I) =
Q. 44599%99E+00-0C. 80C0QQ01E+Q0-0. 89999998E+00-0. 60000Q02E+Q0
=Q0. 75GOCCGO0E+Q0Q—Q. &697997999E+0C Q. 55000001E+0Q 0. 17500C00E+0Q1

0. 16499996E+01 0. 25C00000E+0G—0. 11000004E+01~0. 1399959&E+01
=0. 10500C02E+QC1L Q. 0QCOQQOQE+00

RESULTS OF FOURIER ANALYSIS:

AZERO = -0.37857149E+00

VALUES OF I, A(I}) AND B(Il} ARE
1 -0.61951119E+00 -0. 35046142E+00
=] 0. 46242946E+00 0. 92408719E+00
3 0. 41494656E+00 -0Q. 17127156E+00
4 0. 22273250E-01 0. 24591388E+00
5 -0.45435190E-01 0. 10430527E+0C
& -0.20434087E-C1 0. 56009147E-01
7 -0.49999803E-01 -0. 35524633E-05
8 -0.20435604E-C1 -Q. 55996872E-01
? -0.45427930E-01 -0. 10429442E+Q0
10 0. 22274703E-01 -0. 24490333E+00

®

x4 = rel-rcose—Lcosd =r+d -rcos wt —INi=sintg

But Ising = v sine, 4= 6- _;_: sm"m*—‘)é (Ez)
. L
Ufl‘ﬂj (Ez) ) (El)a 'X’= r+l - T Co$ C."t—z (l— % Sl'nzwf)z (E’>
Let —;:— = Srrva.“- (( .‘1'- ) . Ufl'nj Vi-€ = l-‘;j €, (E;) becomes
xrr,v_ r(l+ E’i—)_r(uswt-f-z%cps zoot) (E‘I)
(@) £5-(€4) gives 3y = xp- (14 57z - s ot 4§ 2ot
-—-- (ES)
If —‘i— is very small, }P = =r cos 3t Dharmaenic motion.

(b) To have a_mpli{'uo‘e of second harmonic smaller than that
of first harmonic in Eg. (Es), We need to have
L r L . T 4 . L
4 T 5 16 > e —E- = E 2 €.,
Once the o.mrln'{:ude of second harmonic s smaller bJ a
Factor of 25, #He a_mPIl'{-u.Jes of higher harmonics arising

from the expansion of szua.re-roa'l:- term in (Es) are e"Pe"tCJ
to be still smaller.

> 6-25
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@ Unbalanced force developed =P = 2m «? r cos w t, range of force = 0 - 100.N,
range of frequency = 25 - 50 Hz = 157.08 - 314.16 rad/sec.

Parameters to be determined: m, r, w.

Let r = 0.1 m. To generate 100 N force at 25 Hz, set:

Ppax = 100 = 2 m (157.08)? (0.1)
which gives
100
ms=
2 (157.08) (0.1)
To generate 100 N force at 50 Hz, set:

Ppax = 100 = 2 m (314.16)% (0.1)

= 00202641 kg = 20.2641 g

which yields
. 100
m ==
2 (314.16)% (0.1)

Goal: Weight to be maintained at 5 + 0.05 kg/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 ® based on available motor. Determine the dimensions of the orifice in the hopper
which delivers approximately 5 kg/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.

= 0.0050660 kg = 5.0660 g

Force to be applied = 1000 N , 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. Setermine the sizes and dimensions of the plate cam and the roller.

3. Choose the dimensions of the follower.

4. Select the weight as 1000 N. 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 désign of vibratory bowl feerders:
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=Z (D -d)= Z (o0r? - 0.008?) = 28.27 (107%) m?

This gives

| = (2827 (10"‘); (2.07 (10')) _ 29_26 (10°) N/m

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

J =1 (D* —d*) = = (0.01* —0.008*) = 580 (107°) m*
32 32

Torsional stiffness of each tube is given by

GJ _ (79.6154 (10°)) (580 (107%)) _
= 5 = 231 (10%) N—-m/rad

For 76 tubes in parallel, equivalent torsional stiffness will be:

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