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A By Ko ged gV VT
(A) (B)

ool o gand Gl et (6-1) S0
Il a Janyy it oas¥) Ak die o geadl Jsaex ¢ 0 AkED die Gyl e o (6-1) JSED
D3 s 2ad (Al o5 e Aa A LS Baim oy ki Chal e (0) dga el
S 2 x y—aall dic (3 g0ad 2elua)l jaiV 3as gl 3 genll Aaglia ) (o kg ce Adliaally 3 gaall
Adnl B am e Sy=mety)e’ I Aledy ey oL G880 o) 5 oy
I S 50 Gy -0 Jage 3 geny Jeale O35 D g gla Le D Jad § W L )5 Flywheel
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additional displacement L_gla¥! i) W1 —a ¢ Jganl 5l jlsa Haf Chaiiay Oy
centrifugal force A— 38 yall 3 yhll 3 48 4253 the axis of rotation (sl e e JEI S 5l
u'le Jﬂﬂhﬂ‘@ﬂ!@mculjdwﬂwuj‘ﬂﬂﬂu.ho) ‘JI JLLLL!_,

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

1AV AR (e aad e Lia DU Lonnaall g 4538 el Skl 8 8 1055
.Outward centrifugal force—(‘W/g)co Y] )
‘LJLJ\ MLSHL ams eliaiD 25180 o_,l!\

Force resisting deflection=8.Y = E{ia)z(y+ e)= LV—a)”_y+ Ea.)’e ....... (2)
g g g
W W 2 2
LSy-—aly= v, mew* SLy= mea 7= A 3)
g g S-mae S _1
mao?

ub.-.--\’l_,‘coc_}a_)]\_-_,lm _)AJ!L!L@JJAJJJW,JJ“\&MJL@‘ -‘u_);]l-u-.)ul\,
PO AT e cag W9 00 Caad A SSBLYY

--------------------------

3l ay LVl 3 U5 (/) M 13l Hiwall (g gl (5) Ablasll pliall U 0 = 0 555 Ledic
35 e aganl Ao ju 23 5 g (g shuly Cupa A e il o8 g N Ala pey pandd dla jall
© > €1y .35 el Ao all A6l § 3 dajal Ay olad BaTI 3 3 penll aplal
os—aa Sy Hs0 tm ABSH o o g Al i8Sy WY 8 (S.gW) ie 0> o,

AT Alaall 3y pem oy 9l Sl Ciial g Aal YV iy S 13gdy ¢ 3 gand

y=+ €
0)

w*
w; -
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SV 3334 (S € il D sal ) o gg) pe SSIAY) L35 S 13 L
Al Lo ) S ) iy - (6-1-0) JSAI LS x dgendl Hgam 2ie 55 A P b5l dlaud 5
1NN AL F 5080 (e
Py e eresesses s oo eessesse e et ees e e e eeee et et eese s %)
Gl HaiY) ibladly 65l O 55 Op umdl Sy Jilaadl gl Sl Jelas (A € Cuya
A el Wy YN

mew?® .cos(@)-S.y=0 , mew?.sin(@) =Y =0.uveereeeeerrereereonn. (8)
| fel LS, 0 0y g 3 O ADAN slad (S (6-1-¢) JS2W (g
esSiNn@ =esing , €COSA =Y +ECOSPieriirrinseennreeenens %)
from (89) ..maw’(y+ecosg)-Sy=0, mew’sing—cym=0...(10)
R 4 11) QR T eSO an
S-mw
2 2 2
_ mew .COS¢ me® er 12)

S-mo’  fewf +(S-mo?)?  Ja-r}) +(2L.r)
where r=-2 ,S =k (stiffness of spring)
ml‘l
5 sl 3 jall S1maYL Aualadl y AN (13) Alladdl LBUS (11) Abladl o Jaadi,

DYl dalaly Al (14) Alsbaad dls (12) Asladl @iy ¢ ad M Gl Lga 3l G
:C__alJ“ Sl Ly da i B LeS aeadl b3 (g 5l

=tan” —2 ... 13) , == L s . 14
L “ 5 NA-r) +2¢r) 1

J—adl i g (6-11,12) opibolaall Jadl 0sSy Mallyy (6-2) JSI LS Lty elly JAG (Sayy
il y iy RS e ()9S5 e shaiad 2aal ga 5l AW Alla 6 gt ) QUL

[(co)Y+(S-me’)]% co

[S-mw’]

(6-2) Js.ab
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S—ir Lotic y=0 « r=0 Ladic y 2AF O3-S Sy Arff=x; o y=x O el e jelayy
Ayl
oM AT iaalyy Aand) ol L ) o5 LIS A s olliyy Y1 dew Ay Cua

i ) I3
Dl 3 gaall Qs N e pull praia gy (6-3) 85D
— 45 a1 A8 jal 20 5 998 ds ) 3a die 5 om0 e YL B U (ve) Aaaddt )
el 20 A e Allall 33 dyo =0 =o, O )¢ sed Aoy (5 sl, o)““-.‘.._dali 2 sl
the natural frequency is called the critical or the whirling speed 4a _J! 4c jull -

Gl A Sy A el Aol e JB A ull (555 Lesie Agage )5S y ) Bay-2
with the heavy Jail caladl Je 50 dughindl 4 www, OS5 Ledie 5l 0, oo S Azl
G I Jdally sl Cuilall Gl e>m, ClS 13y (6-3-b) JSA LS S 7 ke G (S side
S =Soall 2kl 3ahy dal SV s Ay W Ay ieall (5 gl ek Ayl 5 JilE 138y S M 0S)
O <@, 095 levie (g
y=e O aead ama Al Cile jull Dla A Laip 030, O3S Laxie @180 A5 3 A 30 5
st Latie: i 3gand Y A yal de ol ld Vgl « lea O, G (38l e S (kg
el (B e il A
idadll g3 g 8t ig S pall Jaal) lls o6 Ludl ) gl St X da 2 il a3

The whirling or the critical speed of the shafi on carrying ceniral load and with damping.
(5 i S s b 35 ) Al § 0 e 6 3 paally i S (6-4) IS b

(A) s OIJ_,J_“ _)__g_)a (0) TRITEN .dadd .:_,a._,ua:t.':.»l_,_,.\ﬂ B.u:.)llla_).;]l QL:J_J\ d;la:iu)SgJ
« centre eccentricity 4 S a0 Adlual) () ¢ (el JEI S 30 (G) ¢ 3ganll o La il S e
toh LSy x oiad W Alla 6 A8 jall Aalag S Sary e il AES (m)
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durbad

(6—4) Jsiy
(x): oladl B a8 jalt Allas Slag-

d . - .
mzz—[x + e.cos(a).r)]= ~kx-cx .mx+ke+cx=mew’.cos(wl)

3 | >

I C
LXF—x+ —x=ew’.cos(wl) ;ve=2mw, ,—=2 0, 0=
m  m m

X 20, Xt 02 X = €D .COS(@L).eveereemsmrresersssomssesssrasisersranee (15)
y: 3ol 4 A8 jal dblas dlad-oo

m?‘:-z-(y+ e.sin(a).t)) =-ky —c% my- mew* sin(w.t)+ ky + cjf =0
L YH2L D, Y+ @Y = @ CSIN@DL)eeerireerrrerre s (16)
: b LS Steady state 3 jtiaadl fladt 3 Jadl Sl oSay
2
X = i T [TE5) E—— (7)
VA=r?) +24r)
where r=2 | 4= lan"( 21 J
@, 1-r
2
Y= et T ] A (18)

Ja-ry v et
Ao plaicll A5 jall Alles Bia (16) Addlaadl 5 x 8ladl 3 A plaiall Sl Adlaa (15) Aolaall o
(18) Aobaadt Laiys ¢ x gaall 3l 455 el Alalt & Jadl o (17) Adbaddly ¢ y ladl b
o sl Dha il 38 ja 0685 gdy oy yaal BT Ay 3 el Al 8 Jal B
On RS 8y 5 p00all e i g (0) WS e 32 oa AREN AS s (5l {0) ta S je 3 s
Al Alsle o
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R= d ‘.. (19)
Ja=r)? +(2¢r)? ’
awithout damping £=0 , R= le—'rr_:e rermrrnsisnerstrsasissssssanssssrsssso{ 20)

ieall e g 1 Ao ) s O il A 5D e ks § aglH 5% Latiem]
) 1maly Jee daa e 0, A, G il o dais L el (o il Cgu § 49 30 M 136
OY ¢ =180° g M b Lauad 3508 1 et A (685 Ladie =2 (Points O,A,G to be linear)
(Points O, A G to be collinear with (J (st JAII 38 e as 5aal g Lallint e 4S50, A G il
geall S5 4 A Al 53 i 5655 CG)
(5 S5 3 (0 Ly 3481 (30 S 3y gn Sgal elind ¢ han S T 0555 Larie
s b o (1) el (2E.r)2takell (g A0 0D A 22 Y AN 1k P(1-r) s (E)
C.G JE 3850 ds sy pe i 8 o il AL Ayl
Secondary critical speed < sanll da jolf &y o0l de yull — 4

(main Leubu¥l da joll de judl Capad 5 ) 3l KD ) 53 pae (he ASUN 35S 5all 3 kall 88
deull Cidiie e aa g ) AN ) o Baad olld callay W3 g 30U critical speed)
bawcWl A _Nla B i5s5 <) 8aY) s34 oSy .(Horizontal Shaft) 4,88Y1 saee Yl Alla d 4a jall
= 4 yiue 955 (The Gravity of the Masses) JEN JB 8 13¢5 (Vertical Safis) 4 D
o 3 EaYl 38 Csgta

e Sin (PO-2/C) .

N ﬁ“ﬁ

a7

)
3 el A ol A 00 eyl g y{6-5) S
a—= coincideres (Bl—Lis () 4S5 (S=gemetric center) (oudigll S el Gld b 5 e aa @Y Lexie
e & ey poill ST S e (& G O Lisie] 13 ¢ bearing axis (O) dsaadlt o S ) 5o
e 23y ene S gy e e pend o Wl 3 A8 ganigh S5 G () i
3G JB S ye S Latic Ga il A8 a il (W) gallll O e U p 5l (8 2o bl
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? G 2 S ye ads Lesic (acceleration of motion) A jall Jiaad o Jaasy ad Sl 5 J ¥
Nl (pa F,y Al 550 £ Gl Rl p 3l cpn JS o (Smy Ry 0 o

145y
TheTorque =T =We.cos(wt)=la ..a= m
e 7 ) 4 2
S =ae o f =T.e COS(DL ).eeriererirrnrnrnnnsiessrneeereessanaas (21}
1 4
LR === z.z.e’.cos(au)
g g 1

Gaalaal) 3 80 o 200 (6-5-b)JSSIL el (6 8 SBa ey el AN el a3e 1 Cia
tel LS cpant ol BV b

2 2

SFr = —Hi.z.e2 .cos(J).sin(90 — 1) = —W—.ez.cos2 (wd) = E—.e2 [1+ cos(Rws)]
g 1 gl 2g]
w: o, P
T2 + ——.8 . COS(2DI e (22)
2g]

(Wn2gh.e?
(0/2) Lwaic gl dp jal de dl Caiatic die Sgeall o 13y ¢ (@/2)305 D13 58 A0 ¢ 3all
nJ_,a.l.“ui e & el cus uu.j._n]a]\ 2 5l e Saaay gdll g Aot I B 4El @u)tn‘ﬂ Jiad
1-A vertical shafi 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/cm’

iy e pal 17 A1y b o ik Jrant oS Jsa s pe 18 508 ) 3 gae
2524 (e g0 0.4 30y o (9S8 el JD S pay e 1.2 Jreail pu S G Adlisall 3 gend
2ol il e IS e Bide A S 5 LaS Gl oW 3T ae 5 gandl ABS Jaa] L3 gaa
a3 clai) Aaii S gandl d MgaV¥l Cua Ao b 835 (53e(2) -0 sW An ol de (1)

2010%kg/om’ il 3olad 235 Jalas o ple 131 ¢ Pans fpaS 750
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3 shaft agis L . jé
o 4 : Z
O] W A 4 ‘ 7 g~
= pisc Z
120 Cm.
- 0.4mm
(6-6)JS.&H

gl LS sl n jall e )y SHNY a1 (e (S

od =18mm W,

1213

=1Tkg ,L=120cm ,e=04mm o, =750kg/cm

JE=2(10°Vkg /cm , I=moment of inertia = é’Zd‘ = ?’:—(I.S)' =0.52cm*

3 3
A= WL 1702?) =0.15cm
192ET 192(2)10°X0.52)
4.897 4.897
.. Natural frequency of Transverse vibration(f,)=——=—=—==12.7c.p.s
frequency of o} oo P

(DCritical speed of rotation = (f, X60)=(12.7X60)762r.p.m = Ne
(2)Rang of speed assume N, = maximum speed N, =minmum speed
Jmanl S a Sy AlE 3 pmnl (g3 by 0y ¢ Ny e gur gually o Ny A s B () (s ity
$ima ajty y diliadl AN il el Slagf SlIASy 5 gandt B W Giliaall Saliall
P [ DU PV |

8o,/ _ B(2XT750X0.52) _

M o, .
LD ] A L LA W, = A =289 &
7y y, 8 gz N T T EmL T T 0820 8
. . W, 28.9
The additional deflection due 1o W, =y = rma A= T 0.15)=0.25¢m
te y I 0.25 i [N ?
Ly= —= t—-= == -1=10.16
Y w, 7 ] x . N, ]1 l 0.04 [Nr 7 l N 10
[Z;— B N N

v 1.16 1.077
aI[NeT ={.84 N —_7..61_—83]rp_m ~. Range of speed from 707r.pm to 83lr.p.m
N " Joss o v
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2-A shafi 16 cm diameter is supported in two bearing 240 c¢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 determine the critical speed of the shaft. Young's modulus
for the material of the shaft is 2.11(10°) kg/cm’

ool Bl EOUA sy ¢ 240 Lagdny 2l ¢ Jpaad a0 S e @ guin o poo 16 55k 3 gac 22
o) (5 el 30 Lali pa 190 ¢ puw 145¢ au 55 dic 228 1804 p2S 460 ¢ p2S 230 I¢3 s
Aasalde ;o ul aa g o Johal e i aaly S8 paS 1.7 gendl Gy O ) (o)
Zans [ p2S2.11(10°%) 5 gandl 5alal (R el Jalaa) puily Jalas ¢ 3 ganll

: i

‘ 4 :
190 ¢m
240 cm
N
(6-7) Jsdb
W, =230kg W, = 460kg W, = 180kg I = &d' = é’z(m)“ = 3215 .36cm*
w=1Tkg/em, E = 2.11(10° Ykg / em*
. ) , WLIL)
- Static deflection due to a weight(W)=A= 3EIL soat Wo=230kg
2 2
230(35)° (185) = 0.0048cm whereL , = S5cm L, = 185cm

V= 3(2.11X10°X3215 .36 240)
480(145)%(95)*

- =00186 em wherel L, =14595cm
3(2.11)10° %3215 .36)240)

A, due 1o 460kg =

2 2
A, due to 180kg = 180(]?0) (50 = 0.0033cm wherel |, L, =190,50cm
3(2.11)(10)°(3215.36)(240)

Ao )l O Saga g a— y A il Jaadh dais (Ag) (SOl Bl s (S Sl
SN f, ekl 23 il ¢ a0 epdall 0 50 die G pull Gl b 3 andl A3 el
ol el At (Say pua sl

=38l &1 ) 38| 2.1100)° (3215 .36
4.987 4.987
fn = -

3 [“’"‘j 3 [ 1.7(240)° ]:0.207(10)‘%”1

= 30.59rev / sec

0.2(10) °
1.27

A
JA, +A,+A,+ I 2’? J0.0048 +0.0186 +0.0033 +

5 N, = 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-point. The density of the shaft material is 0.05 kg/cm® and youngs modulus is
2(10)° kg/cm”. Assume the shaft 10 be freely supported.

¢ Abolic dic paf1.2 Jea Jaay 50 0.4 Ak y i 1.8 3 3kaf 3 gand A jalt de il Canial-3
Y e Sgeall of ) . 2pafpaS 2(10%) A0 g pal Jelasy Ppus [paS 0.05 3 ganll 35k 23S

i
L=40 cm , W=1.2 kg, d=1.8 cm, I=(x / 64)(1.8)’=0.52 f.:m2 , w=(area)(length)(density)

1.2kg | 0.12
+, 40 cm. A
) (6-8) Js.a 7’

U5 (Say g weight of the shaft per uint length Jake 532 3 ISV 3 9aall ()55 & W dua
(F\‘;mlnl\ 23580 e JS et SIS 5 5 geall Ciialiio i paf 1.2 Jesdl A8 Ay SSGLYY o L)
M

ekt 1
ww=ALp =708 (1(0.05) = 0127 kg/em 2 Lo, ) by a1
3 3
L. (1-2)(:1 0) =1.538(10)" cm
48EI  48(2)(10°)(0.52)
4 2
. Swl' _ 5(0.127)6(40)  0.00407 om
384EI  384(2)(10°)0.52)
.. Frequency of Transverse vibration= f, =
PR L 4,987 v

JA + B \/0.00154 + 2.00407
127 127

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

4-A rotor weighing 18 kgf is mounted mid-way on a 1.8 ¢m. 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®

Chame S Adasd 53 4y dic diawa 18 om. b kb Gl 3 gac Chusliia 3 (8 50 18 kgf 2335 fsrd
oe ey el JB 58 je M agialll 480 paad Aali (70 em Jpeadl o S g aaddl L JpesS
dadl 3n g < 3100 rpm. Ae a5 55 A glaiall 338 CulS 13 ¢ 0.015 mm i) waigh Sl
E=2(10%) kgffem® Cia ¢ Jpeadll ol S ) Alial ASualionll (o gl 5 5 dnall Alladl 8 51 a3
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-l S (e Jaally ¢ LS 5al 2kl 88 aey skl la G55 AaT Y O e g A0 B LSY
o Saalia) Jead I ALYl JBY Aagis Jal Gausly (Jreatl

e T 4
—(1.
48(2)(10) 64( 8)
(70)°

=\[§t= S-g =\/144(981) = 88.6rad / sec
A W 18

= 2m.ne = 27(3100) =324 5rad /sec ,..r= @ - —324 > = 3.66

60 60 w, 886

2
21341 np=t e 134N 60160 em

1-r? 1-13.41

A8El

vk=S= =144 kgf /em

..the dynamicload on the bearing= R S =1440.00162 =0.233 kgf

mantic

R

dhaami

2

..the tolal load on eachbearing= —PZK +

]8 0.233
" ea hhmnru. 2 —9 1 17 kgf

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 attached 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 O o 2l 2200 rpm L Jlake da a Ao e a3 e Jsae dawy (o oS e (a5
A sy jpaall s o Slader ¢ el e Je03 am e gl 245 5 N ) Al
)—1:5 sl .\A‘,i 212 LA_)LJiad) _)_,l:]‘ :L.‘."_) LJ‘ da g LLLLJJA.“ LJ.»L_\E _)LQA ‘Ua.m‘y rpm 1450
_}.ﬁ_}a (0) LJ‘ C__..a_ﬁ (6-‘8)M| . ]3kgf L)a_;ﬂ‘ JJ8 O)Sﬂ Ladie ua_)m _)'SJ.A d_,:n 3_):\[.1“
.e|ﬁ45 _)Lﬁa._a Q‘j\” J& B« ‘_,a_)ili )S_)AA ‘ Q‘_)J.\S'I

(=) (6-9a,b) s
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LS A tigh SS0ad e (5l ol oa 50 AS ALl amy paill JBI S je ey o8 € O Liic)

(6-9) JSA e
13 e=(30-¢)(0.045) ,..e=0.10%m ,$=12" tan¢=tan(12°)=(l i]:o.ms
-r
= 2|10 066 10436 209 _ga125 - r=0.0008
o ) 2200 1-(0.436)

€J’2

Ja-ry+@n

' R=The radiusof the circle=

0.1030.436

Ja 40.433}2 +[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 instatled , 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.

wa e aiag i a2 3kl 60 Ugh Clialt (o 2gae agln 55 (n9S Do) see (p S6
A5 (il &) Goa o sl Aai) e il 2558 5aY aay M ¢ paS 14 AIES diialie 2
eyl (30 92% A jam sy Ledie 3 ganlly it aall aa gl L aaf04 3l o e e

S R= =0.079 cm

sl
1 dad)
me@
me o’ » Kk k er w
R= w,=— R= > = = 2 r=—=092
k-ma’ m k-mao® 1-r o,
k
~“moment = me=0.4kgcm .e= 04 = % =0.0286 cm
m

Re 0.0286(0.92)°
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.

:k_ﬁ.a_'iu._iua_)_mlg_js_)ay‘_rheLﬁ\S|3‘c(6'I0)ML¢SJHMGJﬂJu¢J§“7
Lady A BUall 3 & ey A glaiall 48 jal) Alalas 2oyl . B8V (5 suall o 4ty Jiasy 3 gaadl
A jal) (5 g o gilay

=0.16 cm.
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€(1-c05 8)
&{1-(0s e)r%s.-

(6—10 )Jsah
FUIR P TARR
(6710) 2N, Cppall pua )l (5
vXx=e-y ,cosf):-}i s y=ecost Lx=e—ecosf@ =e(l —cos)
€

00' = e(l-cos@)cosa

23 gaall 3S 50 dga pa il S palll 5 e

2
’.I=I+me2=—!—mr1+me2=m(r—+ez)
2 2
1,42 1 r2 .7
KE=519 =Em(-§—+e )6 9 P.E=mge(l-cos@)cosa
2 " A .
d(Z;E.)=0:%m(%+ez)(299J+mgecosa_sin99=0 where sin@ =0

gecosa
2
r
—+e’
2
tfigs 4Gy yh

os® mgeosa A8 yall 5 ¢ el (g fius o 42 gac mg.sina Leay 0l 058 e f ] aa

m(%+ ez)é+ mgecosaf =0 .. 6+ =0 ..
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2
I=1 +me’ =m(%+e2)

- 18 =—mge.cosa.sin @ = —mge.cosa.f
2 -
m(% +¢?)0+ mge.cosa.f =0

o | ge.cosa

e
—+eé?
2

=0
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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 long 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 shaft 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, lf the system rotates at 3400 rpm , determine , the amplttude of the steady state
vibration and the dynamic force transmitted to the bearing , E=2. 1(10)° kgf/em?

5-A disc attached to the middle of a flexible shaft has a critical speed of 2500 rpm. After 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 length of the rotor is 92 cm. and it may be assumed that over this length the
shaft is prevented from bending. If the ends ofthe shaﬂ are supported in long bearings and
young s modulus for the shaft material is 2(1 0%) kg/cm Find the whirling speed of the shaft.

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(1 Oﬁ)kg/cm?' JFind:

(1)Critical speed of rotation in rpm and (2)-The range of speed over which the stress in the shaft
due to 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 shaﬁ 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 8ft. apart. It carries two pulleys which weighs 500
Ib. and 300 Ib at distances of 3 ft. and 6 fi. respecitively 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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