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additional displacement 4_dla¥! 4_a) W) & ¢ dgenll gl Jlwa Hlaf Chiaii Ay o)y
centrifugal force 4 S 5all 3,k 5 48 4 the axis of rotation () sl yae S JTN S 54
(! genll Ay ol de Ll A o, (g 2 genl] AkSidl 4yl M e LD A @ O _,Lu:b_,

o= the uniform angular speed of the shaft in rad/sec
o, =the critical or whirling speed of the shaft in rad/sec

AV A (e (a0 e Lia DU dasaall g 43S gall 35kl 5 8 (0S5
.Outward centrifuga! force—(W/g)m a2 o (1)
WML@& JN;MAM&'&,WJ

W
Force resisting deflection=8.Y = Za)z(y+ e)= iy—a)zy+—w2e ....... (2)
g 4
2 2
Sy——w’y=Ww £ - mew? Ly= me® - = e, 3)
g S-mw S 4
mo’®

Sy ¢ o Je N @y 3l \d ey Apar sl Ao julls Liad (peudt aall A2l
¥l A0l O o W u_)_,“ _kut) T AUS;I:IL'IMY|

W
'.'A:— a)‘=w"= £
S A
e (4)
e Sg_ 1 8 1 w‘2 1 @, ! 1
Ww’ Aﬁ)2 a)z Z N
2
e w
y= =— .22 ............................................................. (5)

3 ay LVl B I35 (v/e) (M 3¢y ieal (5 ghsy (5) Adhasll pliall (8 0 = 00c (555 Leaic
35 e gl Ao 23 5 L (5 sl g Al je il g G Y Aa ey (et s !
o > Gl Sy .0y aalld sl Aol A dadl jay oitall BTV 8 3 genll aglal
os—a Jals He Sm AN ) el Al Sy WY B (SgW) ie 0> 0,

A0 Aladll 3 jpa Aoy gl Hhai Ciial o dad W) auny S 13gdy ¢ 3 gand
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HieVt 85380 (a1 il bl gall g ) el pe RSEAY) L35 IS 13 L
AU Ll SVl O a iy - (6-1-€) JSAIL LS x D gaal) jgae die S35 (U F 60 Aaud
20N AL F 58l e ey
FoC.Y. 0ttt e st s N
Cal S AN altadly s )50 oe Juadl Sy il o CaSh Jelae b € ua
Pl el Y

mew*®.cos(@)-S.y=0 , mew?.Sin(@)=C.Y.0=0.ovmeereerrrerrerrerrernen. (8)

' fsb LS ¢, 0 o) o AN e (Sar (6-1-c) JSEW ey
eSiN@ =eSiNg , €.COSA= Y+ ECOSPuririiirrrieineerienesereanes 9
Jrom (89) .. mw’(y+e.cosg)-Sy=0, mew’sing-cyw=0...»10)

R 11 R Y a1
S-mow
- mew’.cosg _ mew’ er’ 12)

S-mo’  Jewf +(S-ma?)  N0-r) +(4r)

where r=-2 ,S =k (stiffness of spring)
I

Wy 2add B3 jall 31Vl Aalall y 46N (13) Altaad LS (17) Abladdl o Jaadlsy
YL Aalaly adul (14) Ablad bls (12) Astadl Wiy ¢ a0 QLI Lga 5o Ba
e\ﬂu&@'%ﬁ@awhﬂﬁhd)ﬂ

=tan"' —2 _ ... 13) , == SR 14
g (k-ma®) 9 X J(-r)?+Q20r) 9

J—adl i o (6-11,12) opiblasll Jall 1S iy (6-2) JSSIL LS Lily el i oSy
.h&l,ﬁlﬂblﬁglwo‘,ﬁﬁh_’udﬂedﬂ sl a‘“‘"u’t"'.)“‘—‘ub

cw

[S-mw?}

(6-2) s
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S5 1 Latic y=0 ¢ =0 Ladie y =AF 09-—S g AP=x; ¢ y=x O ol ga el
AVl
Ol ATl Salyy daddl Gl LS S o LS A i Gl P Y des Ay m

9.5 ¢
Ty—t-e

& ) ()
D3 0 gandl Gilidal Che ol praia g (6-3) S50
S A3l AV A8 jall 35 0pS de pull 33 die y =0 Ladie AV B 5 (y/e) il -]
bl 208 ey AT 338 dyo o= o, O @ sl Ao ju gyl m_'\“.-*hll 2a_glt
the natural frequency is called the critical or the whirling speed aa jaf! ac jull

S 13 s (55 S5y el e pull o B Aol (55 Losie Rumga 555 y of Bad2
with the heavy Jaill culall Je 08 4 ghiidl 4 @<, O3S Ladie 5} 0, Do S 4c ull
G ) Bl ialy Cagall calal (A8 0>0, ColS 13y .(6-3-b) SN LS S 7 la G (S5 side
S =S all 2 kall 55hy Aal SV (s Agl W Ay sieall (5 gbad ok Ayl ) Dl 138y S £ s S
0 <o, 05 Laie i
y=e ) 2ad hama Adladl Do uldl Ala b Laiy >0, (955 Laie 2180 45y 30 4 38 ()9S5
Jal Latie Cadald dgendl ) 5aY da el 4oyl lilagy . Lee O, G ikl e JS @ik
el (I e il de
tdadll dga g 8ot (oSS sall Jaall Ao 4 LT ol Gtee X da ol e yuili~3

The whirling or the critical speed of the shafi on carrying ceniral load and with damping.
$o—hill 3L a4 S AN AKdtinll 5 gl aais ga (B 0 gandly ol S (64) JSAN (B

(A) ¢ Dosid S 50 (0) um 2080 3525 (8 sl s D dn ol e s LS 05,
« centre eccentricity a— S a0 Al (e) « il JiN S 50 (G) ¢ Jganll ¢ L@l S e
b WSy x ol V) Ula b AS jal Ablag S oSy e il AES (m)
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(6-4) Js
(x): 3lad) &3S jal Astes slag-

d 5 . .
md’—z[x + e.cos(w.f)]: ~kx-cx .mx+k+cx = mew®.cos(wr)

.t C vk c k

LX+—x+—x=ew’.cos(wl) ;o c=2me, —=2w, 0 =—
m  m m m

O N TR L L (7 5 W (15)

y: 33 (3 A8 jall dllas dlagt-o

d - .
mm(y +e.sin(w1)) = ~ky —c% omy-mea® . sif(@l)+ky+cy=0
VR0, Yt 1.9 = @IS oo eceseereeseers oo (16)
1ol LS Steady state 5Tl Alladl & Jall slay Say
2
er
X= — s (TR )] N— a7)
VU=#7) +(2¢r)
where r="2 $= tan"[ 2% J
@, 1-r
2
Y = 7 T 2] (18)

Na-r) + 0
o ylaiall 38 jall Abae Jiad (16) Aobaddy x Bladf 8 T plaiall 38 ad Aslas (15) Abbedd B
(18) Ableadl Laiy « x gaalt sladl 55 juad Aladl 8 Jall Joc (17) aboladdly o y sladh 6
o Crosaall DIa Abill A8 ja (6K Mgl g oy yaal Blad) (B g5 s Aall 3 sl B
Oe A Sy 5 ilall b il g (0) La Sy b 0a (oa 4RGN AS o e (5l (0) La S ye 5 il
30 Al
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2

R= & (19)
Na=r)? + @4y
awithout damping £ =0 , R= le_'rr-z B S TR (20)

il (e O el Apd M Aeaiadl A e B s ¢ g H 6 e
o aaly dee b e 0, A, G il A Lind il (3 o 55 Ciger b g0 ol il
OY =180 dus M oM L 5508 1 4ol 4 (585 Leaie =2 (Points 0,A,G to be linear) )
(Points O, A G to be collinear with (} (s} J& S je as Baaly Aalii} e (4S50, A G doail
gl Ke A A Ul 33 L 0585 CG)
5 —S o 2l (e Ly B 2adll (o dpsd 3 g0 g g dganll eliadl Gl ¢l 3 S T 4S5 Ladie—3
s 8 gl (1-P) Jaially (280 el G 4D dpsd 22 Y &Y 1l P(1-0) (s (o)
C.G Jo Sy dya an o il (8 po il Al Ao yul
Secondary critical speed 2 satdl da ol Lol do pull — 4

(main 4—ulu¥l da ol de judl Capes 350 a0 S ) 5 p3e (e 3L 3G 58 pall 5kl 68
do ull Chalio die dagh O3 iAW) AS) o Baad ol cailay g W4 el Baae X critical speed)
paecWl A Tla A ita5 <)) 5aY) 338 oSy .(Horizontal Shaft) L@Y! saee ! Ala B da
&= 4 yiua 555 (The Gravity of the Masses) JEN I 4 13gd 9 (Vertical Safis) gl
L I TS AT QLIPS

\ R 3in (PO-a/t)
~ @
@

s yanll G yall 23300 Ao pin 65 IS
¢—= coincideres (l—Liie (4 (S=gemetric center) (pudied S sall o 2 3 el aa @Y Levie
e ¢ asey paill JEH S e a G o Lie] Bl ¢ bearing axis (O) dradll s S ) gae
e slasy dlasslad iy pe il ae dgeall g Ala B AU udigh S pall (e (e) Ailua
3G I S50 S Leie paill A8 ja i (W) palil) 05y e g2W1 o5l Gl Aol
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o G JT S e aiy Levic (acceleration of motion) 4S ol Jiad e Jaagy ad Sy Jo¥) 2l
SVl (e Fy Al 5500y £ Al Analy pind (a8 a3 Sy g B 5 B o
145y

TheTorque =T =W e.cos(wt) = la - a = 1e-205@4)

!
R . gt 4 2
cSfl=ae - f = oL (72 ) TR 2n
- R =K.f' =K.Z.e2.cos(a)1)
g g 1

Aeslaadl 5 gl o 205 (6-5-b) IS padll (6 8 e hey o il (HI gl e 1 Cia
fesl LS o el Y BlasY) i

2 2

SR = z.’—y—.e2 .cos(@J).sin(90 — w1) = —W—.e2 .cos’(ws) = K—.e2 [1+cos(2w.)]
g 1 ol 28]
WZ s 2 )
t T+ —— 07 .COS(2@)urrriiinrrrecerrenert e ssre s s beeens (22)
221 1

(Wr2gh).e?
(@0/2) Lwdie o da jal) Ao jul Ciiaiie e dgaall J3 1305 ¢ (@/2)3_5 <l 558 AU ¢ 5alt
1 gandl B Ale o A il g andall 2o Sl e ey (oA g And N 5 sE 4 CDBAY! (B
1-A vertical shaft 18 mm diameter rotates in long bearings and a disc weighing 17 kg is attached
to the mid span of the shaft. The span of the shaft between bearings is 1..2 m. The mass centre
of the disc is 0.4 mm from the axis of the shaft. Neglecting the mass of the shaft , and taking
the deflection as for a fixed beam at both ends. Find (1)the critical speed of rotation, and (2)the

range of speed over which the stress in the shaft due to bending will not exceed 750 kg/cm®. the
young 's modulus for the material of the shaft may be taken as 2(| 0°) kg/em’

A aliey Joaie pal 17 215y e ¢ dish Jread oS Jan oy pe 18 55k ol 5 0 gae-g
2320 s pe 0.4 320 o 08 Ga il JD S pey e 1.2 aadl (pu S G Allall g 5 gesl
g leiles O J8 (e Aihe A IS 91 LaS il eV 38l a5 gand) ABS Jaa) L3 gend
J32iY el Angii ageall 8 alga V) Cum Ae pull 3045 53e(2) - sl A el As (1)

2(10%kg/em? sl sala) 259 yall Jalas o) ale 13 ¢ Pass fpa€ 750
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ANN

0.4mm

(6-6)Jsn
gl LS 0l A yal e jully SHGLNT Gl a1 el (S
wd=18mm W, =17kg ,L=120cm ,e=04mm o, =750kg/cm

VE=2(10°Ykg/cm , I=moment of inertia = ?"zd‘ = 3’%(1.8)‘ =0.52cm*

3 3
e 17¢120) = 0.15¢cm
192E]  192(2X10°X0.52)
. Natural frequency of Transverse vibration(f,)= %_?—7- = 48%7 =12.7¢c.p.s

(VCritical speed of rotation = (f,X60)=(12.7X60)762r.p.m = Ne

(2)Rang of speed assume N, =maximum speed ,N,=minmum speed
Jaall o (S Al 2 gandl (593 A3 2ie 9 ¢ Ny A8 ju guall g ¢« Ny Ao e S O Gy
$3ma da g y diliadl ALY ¢ ol eV Slag) SIES 4 0 pand I W il Saliall

M o, o, W.L o, d 8o,/ _ B2X750X0.52) _
M S oyl DR O ey =Y = =289 &
Ty »" 8 d2 NI TG T T a8z €
. . W, 28.9
The additional deflection due to W, =y = W A)= = 0.15)=0.25¢cm

te y ] 0.25 ] NY
s y= O T APSPRISL S .S M AT R Y
Ve Rty 0.04 [N]’ [NJ oo
el -1 AL Zel oy
N N

2 2
[‘V] =140.16=1.16 or 0.84 az[%] c116.N, = —De_ o 162

=———=707r.

N g6 1.077 P

N 2
atl == | =084 - =———=83Ir. m . Range of speed from 707r.pm 10 831r.p.m
(N] owl p ge of speed fr P P
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2-A shaft 16 cm diameter is supported in two bearing 240 ¢m apart. It carries three discs of
weight 230 kg, 460 kg and 180 kg at 55 cm , 145 cm and 190 cm from the left hand. Assuming
the shaft to weight 1.7 kg/cm length deterrmne the critical speed of the shaft. Young's modujus
for the material of the shafi is 2.11(10°) kg/cm®

o=l Bl EOU A L aay ¢ e 240 Lagin 2l ¢ Jraad O S o § gain 9o oo 16 5kl 2 gac -2
o) (6 —sall A0 Agali o 190 ¢ pu 145¢ pu 55 die 225 180¢ p2S 460 « paS 230 L¢ )y
asadie oo Jshll e i daly JS) paS 1.7 dgandl 5y O G - (e
Zaus [ p2S2.11(10°) Sgandl 5alal (R el Jalas) gy Jolas ¢ 3 panll

tdad

1.7kg/cm

A

190 ¢m
240 cm

(6-7) Jsad

W, =230kg W, = 460kg W, = 180kg ,I = é—d‘ =%(16)‘ = 3215.36cm"

w=1.7kg/cm, E = 2.11(10° kg /em*
. , . WL L,
- Static deflection due to a weight (W)= A= =T, soat W =230kg
_ 230(55)* (185)°
' 3(2.01)106 K3215 .36 X240)
480(145)%(95)?
3(2.11)(10° X3215.36 X240)
180(190)2 (50)*
3(2.11)(10)° (3215.36)(240)

Aol ) Caga g a0 pliiiall Jandl A ( Ag) SEY il etV Cald Syl
SN f, ekl il g ¢ ol G a3 candall 23 30 aie de jull il o4 5 geall A9 el
ol UShand 2 (S pin o)

= 0.0048¢cm wherel, =55cm ,L, =185cm

A, due to 460kg = =00186 cm wherelL L, =14595cm

A, due 10 180kg = =0.0033cm wherel |, L, =190,50cm

2
A =_5_[“’L ]=_5_( IECE0) J:o.zm(m)‘“cm
‘7 348 348 2.1110)° (3215 .36

49
S, = 4.987 = 87 = 30.59rev / sec

- — —
JA,+A2 +A,+ 2 \/0.0048+0.0!86 +0.0033 4 22040
21127 127

= f.(60) = 30.59(60) = 1835.7 rpm
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3-Calculate the whirling speed of a shaft 1.8 cm diameter and 0.4m long carrying a load of 1.2
kg at its mid-foint. The density of the shaft material is 0.05 kg/cm’ and youngs modulus is
2(10)° kg/cm’. Assume the shaft to be freely supported.

¢ Abolic dic paf].2 Jaa Jany 50 0.4 Asky an 1.8 5 ka8 3 gand A jall Aol Canial-3
L) e geall O ) L 2afpal 2(10%) Ly el Jelasy Pan [paS 0.05 3 genll 35le 23LS

tdadt
L=40 cm , W=1.2 kg, d=1.8 cm, I=(r/ 64)(1.8)’=0.52 cm2 , w=(area)(length)(density)

}.2kg [ 0. |2§:§:

A 40 cm. A
) (6-8) Js.La |
e (S g weight of the shaft per uint length sk 83a 5 JSI dgaadl 5y 2 W dua
(P\“‘*‘H‘ 2l e JS Cppad IS g 5 geall Ciialiia dic paS 1.2 Jeadl Aafi Ay SSEGLYT ¢ LisaY)
n ;
.-‘r_,l_l.( ;l"
W= ALp=7(1.8) (IN005)=0.127 kg/em SV oM Yoy s

A= 5 = (1'2)(:‘0)3 =1.538(10)" cm
48E]  48(2)(10%)(0.52)
A = S5wl' _ 5(0.127)(40)?
' 384E1  384(2)10°)0.52)
.. Frequency of Transverse vibration= f, =
4.987 4,987

L E—m——= =72.1 cycle/sec
."A + 4, \10.00154 + LR
1.27 1.27

- N_=The whirling speed of a shaft =72.1(60) = 4342.8 rpm

=0.00407 cm

4-A rotor weighing 18 kgf is mounted mid-way on a 1.8 cm. diameter horizontal shaft supported
at the ends by two bearings. The bearing span is 70 cm. Beacause of certain manufacturing
defect , the centre of gravity of the discis 0.015 mm away from the gegmetric centre of the
rotor. if the system rotates at 3100 rpm , determine , the .amplitude of the steady state vibration
and the dynamic force transmitted to the bearing , E=2(10)® kgflcm®

S S Ahaid 59 4k sic diwa 1.8 om. bkl 8 0 gac Chualio L8 S e 18 kgf A3 154
oo iak el JB S e ol agialll A o3l a0 em Jpeall o S Op ) L Jead

A 3s 5 ¢ 3100 rpm. A e 53 Ao gliiall 538 oIS 1Y ¢ 0.015 mm ok owigh S el
E=2(10% kgflem? Cua ¢ Jraadll o S ) Akl ASualipall (5 i) o5 el Allad) & 3 A
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PEB PR PN PR SN IRSVART FETIST LN S SWESE LR SN PRI S
Saalal Jaad L 2LVl JE Aags Jal ey Juaadl

48(2)(10)° 1(1 8)"
(70)

Lo, =, —\/ﬁ \/ \F4(981) = 88.6rad /sec

48 EI

vhk=S= =144 kgf /cm

= 2zme _27G100) _ 354 srad isec v =2 =223 2366
60 0 w886
2
21341 o y=te JBAONO) 400162 cm

1-r? 1-13.41

.the dynamicload on the bearing= R =85)=1440.00163 =0.233 kg/

namtic

R

W nAMIC
. the total load on eachbearing= 5} + "-‘2
] 8 0.233
: each bi‘ar.m# = E T = 9 I 17 kg

5-A disc attached to the middle of a flexible shaft has a critical speed of 2200 rpm. After the
disc had been balanced , an additional balance weight of 45 grm weight was antached to the disc
at a distance of 0.3 m from its centre and the shaft was than rotated at 1450 rpm. By means of
stroboscope the phase angle ¢ was found to be 12°. Find the radius of the circle described by the
centre of the disc when the weight of the disc is 13 kgf.
Fig.(6-8)shows (0) as the centre of rotation , A as the centre of the disc ,and B as the balance
weightt of 45
o )5 5 2 2200 rpm W fake da A8 e sy Uoe Usas dasy (8 S e e B S
Ay jpaall jogviaSlade e Soal e W03 2 o ool 245 8 N () ALl
ki aais o 012 b gaie g ekl dugl ) o aay LA LS Slen Al g rpm 1450
=54 (0) O o g (6-8) SN « 13kgf palil s (S Ledie (o il S e Jga 5 lall
.(a‘_)‘:45 _)Lﬁa._: U‘.}:h” JB B« ua_)'ln _)S_)nA ‘ L‘J‘_)J'\“

o

(=) (6-9a,b) 82
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LS A il S50l e 0550 ol 50 AKS A} aay e ill ST S o 2y 2 € e

13 e=(30-¢)(0.049) ,..e=0.10%m ,$=12 m¢=m(12°)=[12§’ ]:0.2125

2

cr=f 21950 066 - r=0436 - ZO0D _02125 - =00908
w, ) 2200 1-(0.436)

e.rz

(-r’) +r)’ i

** R=The radius of the circle=

0.10X0436

(1-(0436) +[2(0.0908(0.66

- 6-A steel shaft 60 cm. long and 2 cm. diameter on two spherical beerings , on the mid span , a
mass of 14 kg installed , if there is an eccentricity that gives a moment 4 kg.cm. Find the
maximum deflection of the shaft at speed 92% of the critical speed.

waAdle pung i a2 b hiy pn 60 Al gh Ohiall (10 3508 pein )50 (9 S (nosse OpaS6
Aol (30 92% Ae e 3y Ledie 3 ganlly il jad) sl 2a gl L anaaC04 5 a0 e die

S.R= =0.079 cm

Aa_al
:dall
mew
2 2
R=-TY i E gk L, 2 o9
k-mow m k-mw”  1-r w,
k
- moment =me=04kgcm .. e= Ui 04 =0.0286 cm
m 14
2
_002860927 o1
1-(0.92)

7-A circular disc is attached to shaft as shown in fig(6-10). If the ecentricity of the discis (e) end
the shaft is inclined at an angle with the horizontal plane, determinethe equation of motion of
the system by the energy method , solve the problem by newton;s law of motion also.

Al 0 e — S 3 e S ¢ (6-10) JSIL LS 3 gany Jaalie (5 10 (a7
Loady 4 8alla @)y da il 2 jall alilae 2o g) . @Y1 (5 sl o 450 50 Jrerg 3 gusdl
AS all Gigs O gl
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- &e(1-¢0s 8)
&(1-(os e)r%s

(6—10 )Jsal
FUIR TR
(6-10)JS2 Gaall w5
v X=e—-y ,cosB=—}i s y=ecosf s x=e-ecosf =e(l ~cos )
e

00' = e(l —cos @) cosa

22 gandl S pe dga pa ill S puall 5 e

2
.‘.I=1+me2=lmr2+me2=M(r—+€2)
2 2
i, 52 1 2,0
KE:EIQ =5m(-5—+e )6 9 P.E=mge(l-cosf)cosa
2 — .
d(Z;E')=0=%m(%+e’)(296’}+mgeCOSG-Si"99=0 where sin@ =@

gecosa
2
,
— +e’
2
s AL yha

o mgeosa AS yall g ¢ o @ (5 fae o A gac mesina Leay 0l HBS ye o) Jliie] s
-e.5ind iy 3 g1l akie Jidiy o jill (5 siana

"’(-rz—+ ez)é+ mgecosafd =0 .. g+ 6=0 ..
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2
I=1 +me’ =m(r?+e2)

.18 = —mge.cosa.sin8 = —mge.cosa.0
2 -
m(% +e?)0+ mge.cosa.f =0

. [
N geg.cosa =0 o7 s @, _ 1 gez,cosa eps
r 2 27 27 r 2
—2 +e - te
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I-A vertical shaft 20 mm diameter rotates in long bearings and a disc weighing 24 kg is attached
to the mid span of the shaft. The span of the shaft between bearings is 1..6 m. The mass
centre of the disc is 0.5 mm from the axis of the shaft. Neglecting the mass of the shaft , and
taking the deflection as for a fixed beam at both ends. Find (1)the critical speed of rotation,
and (2)the range of speed over which the stress in the shaft due to bending will not exceed
800 kg/cm?. the young ‘s modulus for the material of the shaft may be taken as 2(10°) kg/cm?

2-A shaft 18 cm diameter is supported in two bearing 280 cm apart. It carries three discs of
weight 210 kg , 420 kg and 150 kg at 70 cm , 160 cm and 220cm from the left hand.
Assuming the shaft to weight 20 kg/cm length

determine the crmcal speed of the shaft. Young’s modulus for the material of the shaft is
2.1(10% kg/em? -

3-Calculate the whirling speed of a shaft 1.4 cm diameterand 0.3m Iong carrying a load of 1.4
kg at its mid- pomt The density of the shaft material is 0.06 kg/cm" and youngs modulus is
2.11(10)° kg/em®. Assume the shaft to be freely supported.

4-A rotor weighing 22 kgf is mounted mid-way on a 2cm. diameter horizontal shafit supported
at the ends by two bearings. The bearing span is 90 cm. Beacause of certain manufacturing
defect , the centre of gravity of the disc is 0.018 mm away from the gegmetric centre of the
rotor, if the system rotates at 3400 rpm , determine , the amphtude of the steady state
vibration and the dynamic force transmitted to the bearing , E=2.1(10)° kgf/cm?

5-A disc attached to the middle of a flexible shaft has a critical speed of 2500 rpm. Afer the
disc had been balanced, an additional balance weight of 60 grm weight was attached to the
disc at a distance of 0.4 m from its centre and the shaft was than rotated at 1600 rpm. By
means of stroboscope the phase angle ¢ was found to be 15°. Find the radius of the circle
described by the centre of the disc when the weight of the disc is 16 kgf.

Fig.(6-8)shows (0) as the centre of rotation , A as the centre of the disc ,and B as the balance
weightt of gram

6-A steel shaft 80 cm. long and 1.8 cm. diameter on two spherical beerings , on the mid span , a
mass of 16 kg installed , if there is an eccentricity that gives a moment 5 kg.cm. Find the
maximum deflection of the shafi at speed 90 % of the critical speed.

7-A heavy rotor weighs 1300 kg and is fixed at mid span to a shaft 12 cm diameter and 184 cm
long. The axil fength of the rotor is 92 cm. and it may be assumed that over this length the
shaft is prevented from bending. If the ends of the shaﬂ are supported in long bearings and
young s modulus for the shaft material is 2(10°%) kg/cm’. Find the whirling speed of the shaf.

8- A shaft 1.3 cm. diameter rotates in long bearing s and a disc of mass 18 kg is secured to a
shaft at the middle of its length. The span of the shaft betweenthe beering is 52 cm. The mass
centre of the disc is 0.6 mm. from the axis of the shaft. Neglecting the mass of the shaft and
taking E=2(10%)kg/cm? ,Find:

(1)Critical speed of rotation in rpm and (2)-The range of speed over which the stress in the shaft
due 1o bending will not exceed 1200 kg/cm 2

9-A vertical shaft 22mm diameter and 0.7 m long is mounted in long beerings and carries a
pulley of mass 12 kg midway between the beerings. the centre of pully is 0.6 mm from the
axis of the shaft. Find:

(a)-the whirling speed ,and(b)-the bending stress in the shaft, when it is rotating at 1650 rpm.
Neglect the weight of the shaft and assume E=200 GN/m’.

10-A shaft 4 in. dia. is supported in bearing 8fi. apart. It carries two pulleys which weighs 500
Ib. and 300 Ib at distances of 3 fi. and 6 fi. respecttively from one bearing . Calculate the
whirling speed by (a)-Dunkerley s method.

(b)the energy method. Find the value of the conatant C in the equation

Nc=(C/A,. ) , Where Nc is the Whirling speed and Am is the maximum static of the shaf
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