ROHINICOLLEGEOFENGINEERING& TECHNOLOGY

3.5 HELICALSPRING.

Helicalspringsarethethickspringwirescoiledintoahelix.
Theyareoftwotypes:

1. Close-coiledhelicalspringsand

2. Open-coiledhelicalsprings.

Close-coiledhelicalsprings.Close-coiledhelicalspringsarethespringsinwhichhelix angle
Is very small or in other words the pitch between two adjacent turns is small. A
closecoiled helical spring carrying an axial load is shown in Fig. As the helix angle in
case of Close-coiled helical springs are small, hence the bending effect on the spring is
ignoredandweassumethatthecoilsofaclose-coiledhelicalspringsaretostandpurely torsional

stresses.

ExpressionForMax.ShearStressinducedInWire.

Thebelowshowsaclose-coiledhelicalspringssubjectedtoanaxialload.

Let d=Diameterofspringwire P
= Pitch of the helical spring
n=Numberofcoils
R=Meanradiusofspringcoil W =
Axial load on spring
C=Modulusofrigidity

t=Max.shearstressinducedinthewire
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6=Angleoftwistinspringwire,and
6=Deflectionofspringduetoaxialloadl
=Lengthof wire

Nowtwistingmomentonthewire,

T=WxR ...(2)
Buttwistingmomentisalsogivenby
T=2'¢ .2
Equatingequations(1)and(2),weget
L _ 16 WxR
WxR=16" 4T ™ ....(3)

Equation (3)givesthemax.shearstressinducedinthewire
Expressionfordeflectionofspring

Nowlengthofonecoil=rDor2nR
~TotalLengthofthewire =Length ofone coil xNo.ofcoilsorl= 2R x n.

As the every section of the wire is subjected to torsion, hence the strain energy stored
by the spring due to torsion is given by equation(16.20).. Strain energy stored by the
spring,

1.2

U=2c.VVolume

(2 R)Z x = x (2d? x 2nR.n)

(__ _ 16WR m

= e and Volume = 1d2 X Total Length of wire )

~ 32W2R? 32W2R% . n

ca* .R.n=  ca* ... (5)

Workdoneonthespring=Averageloadx Deflection
=W x §
2

Equatingtheworkdoneonspringtotheenergystored,weget
_ 32WZ2R%. n

-W.
J cd*

cd* ....(6)

CE3491 STENGTH OF MATERIALS



ROHINICOLLEGEOFENGINEERING& TECHNOLOGY

Expressionforstiffnessofspring
The stiffness of spring, s = Load

per unit deflection

w_ w _  ca*
T§5  eaWRS n 64 R3.n w (7)
cd*
Note.Thesolidlengthofthespringmeansthedistancebetweenthecoilswhenthecoils are

touching each other. There is no gap between the coils. The solid length is given by

Solid length = Number of coils xDia. Of wire =n x d

Problem 3.5.1.Acloselycoiledhelicalspringistocarryaloadof500N.Itsmeanscoil diameter
Is to be 10 times that of the wire diameter. Calculate these diameters if the maximum
shear stress in the material of the spring is to be 80 N/mm?.

Given:
Load on spring, W =500 N
Max. shear stress, T =80 N/mm2
Let d=Diameterofwire

D=Meandiameterofcoil D

=10d.
4).q = LWR
Usingequation( ¥~ e
16X 500 x(g) D
or 80=—"70 (R n E)
8000 ("Zd)
__8000x5 m
or 802xnm0_0i§ 23

d=v159.25=12.6mm=1.26cm.Ans.
D=10xd=10%1.26=12.6cm.Ans.
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Problem 3.5.2. In above problem if the stiffness of the spring is20 N per mm deflection
andmodulusofrigidity=8.4x10*N/mm? findthenumberofcoilsinthecloselycoiled  helical
spring .
Given:
Stiffness, s =20 N/mm
Modulusofrigidity,C=8.4 x10*N/mm?
Fromproblem5, W=500N, 7=80N/mm?
d =12.6mmandD =126 mm
R=D/2=126/2=63 mm

Let n=Numberofcoilsinthespring We
~f Load
know, stiffness 5
—pat
20 = 5
— 0%
6= 20 = 25mm
Usingequation(6),
64WR3 . n
6 o ——
cd*

64 X 500 X633 xn
8.4 x10%x12.6*
25 x 8.4 x10%x12.6%
n= 64 x500x633 =6.6say7.0

n=7.Ans.

Problem3.5.3: Aclosely coiled helical springof round steel wire 10 mm in diameter
havingl0completeturnswithameandiameterofl2cmissubjectedtoanaxialloadof 200 N.

Determine :

1) Thedeflectionofthespring
2) Maximumshearstressinthewire,

3) Stiffnessofthespring. TakeC=8x10*N/mm?2,
Given:

Dia.ofwire, d=10mm

No.of turns, n=10
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Meandia.of coil, D=12cm=120
mm
~Radius ofcoil, R=D/2 =60mm
Axialload, W=200N

Modulusofrigidity,C=8x10*N/mm?
Let 6=Deflectionofthespring
T =Max.shearstressinthewire s =
Stiffness of the spring.
1) Usingequation(6),

64WR3. n 64 X 200 x60%x10
cd* gx104x10*+ =34.5 mm.Ans.

2) Usingequation(4),

T= 16 WR /s 16 X200 ><607 61
nd® 7x10° AN/mmé2.Ans.

3) Stiffnessofthespring,

200

325=58  N/mm.Ans.

L
S=6

Problem3.5.4.AclosecoiledhelicalspringoflOcmmeandiameterismadeupofl cm
diameter rod and has 20 turns. The spring carries an axial load of 200 N. Determine
theshearingstress. Takingthevalueofmodulusofrigidity=8.4x10*N/mm?,determine the
deflection when carrying this load. Also calculate the stiffness of the spring and the
frequency of free vibration for a mass hanging from it.

Given:
Mean diameter of coil, D=10cm=10mm

Mean radius of coil, R =5cm =50 mm

Diameter of rod, d=1cm =10 mm

Numberofturns, n=20

Axialload, W=200N

Modulusofrigidity, C=8.4 x10*N/mm?

Let t=Shearstressinthematerialofthespring

6=Deflectionofthespringduetoaxialload s =
Stiffness of spring

t=Frequencyoffreevibration.
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Usingequation(16.24),

_16WR _ 16 %200 x50

a3 ax10®  =50.93N/mm2.Ans.

Deflection of the spring
Usingequation(16.26),

_ 64WR®.m 64 %200 x503%20

0 cd* 84 x104x10* =38.095mm.Ans.

Stiffnessofthespring
Loadonspring _ 200
Stiffness=nbeflectionofspring  38.095=525N/mm.Ans.

Frequencyoffreevibration
$=38.095mm=3.8095cm

1 (g 1 } 981
‘[ = — _— T —
Usingtherelation, 2”\/; 2m \ 3.8095=2 Hhcycles/sec.Ans.

Problem3.5.5: Aclose coiled helicalspringofmean diameter20 cmis madeof3cm
diameter rod and has 16 turns. A weightof 3 kN is dropped on this spring. Find the
heightbywhichtheweightshouldbedroppedbeforestrikingthespringsothatthespring  may
be compressed by 18 cm. Take C = 8 x 10*“N/mm?,

Sol.Given:
Meandiaof coil, D=20cm=200
mm
Meanradiusof coil, R=200/2=100
mm
Dia.ofspringrod, d =3cm=30mm
Numberofturns, n=16
Weightdropped, W=3kN =3000N
Compression of the spring, 6= 18 cm = 180 mm
Modulus of rigidity , C=8x10*N/mm?
Let h=HeightthroughwhichtheweightWisdropped

W=Graduallyappliedloadwhichproducesthe
compression of spring equal to 180 mm. Now using

deflectionequation,

64WRS . n
5 =
cd*
180 = 64 XxWx1003x16
or 8 x104x304

CE3491 STENGTH OF MATERIALS



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

180 x 8 x10%x30%

or W= 64x1003x16 = 11390N
Workdonebythefallingweighton spring

= Weightfalling( h+&) =3000( h+ 180) N-mmEnergy

2% 11390
stored in the spring =2~ X 180=1025100N-mm.

Equating the work done by the falling weight on the spring to the energy stored in
thespring,we

get
3000 (h +180 )=1025100

1025100

h+180 = 3000 =341.7 mm
h=341.7-180 =161.7mm.Ans.
Problem 3.5.6.Thestiffnessofaclosecoiledhelicalspringis1.5N/mmofcompression under a
maximumload of 60 N. The maximum shearing stress produced in the wire of
thespringis125N/mm?.Thesolidlengthofthespring(whenthecoilsaretouching)is
givenas5cm.Find:1)Diameterofwire,(2)meandiameterofthecoilsand(3)number of coils
required. Take C = 4.5 x 10*N/mm?.

Sol.Given:
Stiffnessofspring, s=1.5 N/mm
Loadonspring, W=60N
Maximumshearstress, =125N/mmZ
Solidlengthofspring, =5 cm =50mm
Modulusofrigidity, C=4.5 x10*N/mm?2
Let d=Diameterof wire,

D=Meandia,ofcoil, and

D
R=Meanradiusofcoil=n =2
Number of coils.

Usingstiffnessequation

cd* 45 x 10% x d*
S=64. R3. nOrl.5 = 64 X R3 xn
4 _ 15X64XR%xn_ 3
d aswior Q-002133R™, ....()
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Usingshearstressequation,

_ 16 WR 16 x60 XR
nd? OF 125 = nqs3
125 x d3

R= 16x60 =0.40906 d3....(2)
SubstitutingthevalueofRinequation(1),weget

d*=0.002123x(0.40906d%)3xn
=0.002123%(0.40906°%)xd?xn=0.00014599xd°xn

dg .h _ 1 or 5 1
or d*  0.00014599 . N = 000014599 ....(3)
Now
Solidlength =n xdor50=nxd
50
N=d ....(4)

Substitutingthisvalueofninequation(3),weget d
54 20 _ 1
d d  0.00014599

= ———— x — 186:(1186.99)"" =3.42 mm.Ans.

0.00014599

Substitutingthisvalueinequation(4)
50 50

N=a 342=14.62say 15. Ans.
Alsofromequation (2),
R=0.40906d%=0.40906%(3.42)=16.36mm
.e., Meandia.of coil, D=2R=2 x16.36=32.72 mm.Ans.

Problem4.5.7: Aclosecoiledhelicalspringhasastiffnessofl0N/mm.ltslengthwhen  fully
compressed, with adjacent coils touching each other is 40 cm. The modulus of rigidity
of the material of the spring is 0.8 x 10° N/mm?.

1
1) Determinethewirediameterandmeancoildiameteriftheirratioiso.

2) If the gap between any two adjacent coil is 0.2 cm, what maximum load can
beapplied before the spring becomes solid, i.e., adjacent coils touch.
3) Whatisthecorrespondingmaximumshearstressinthespring
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Sol.Given:
Stiffnessofspring, s =10N/mm
Lengthofspringwhenfullycompressedi.e.,solidlength
=40 cm =400 mm
Modulus of rigidity, C=0.8x10°N/mm?

Let d=Diameterofwireofspring D
= Mean coil diameter n = Number of turns
W = Maximum load applied when spring becomes solid t=Maximum shear

stress induced in the wire.

Now D 10
Gapbetweenanytwoadjacentcoil=0.2cm=2.0mm
Totalgapincoils=GapbetweentwoadjacentcoilxNumberofturns
= 2 xnmm.

Whenspringisfullycompressed,thereisnogapinthecoilsandhencemaximum compression of
the coil will be equal to the total gap in the coil.

~Maximum compression, § = 2x n mm Now

using equation ( 16.27 ),

cd* 0.8 x 10% x d*
S=64. R3. nOr10= 64.r3.n d

4 _ 10x64 % R® xn :(i)R3 5
n

0.8 x 105 103 (1)
Butfromequation(16.28),
Solidlength =nxd or400=nxd
ﬂ
n= d ....(2)
Substitutingthevalueofninequation(l),
— (L 400 _ L
d4_(103) X R3 x - 32 % —
Butmeancoil radius,
b
R=2
5 D\3 _32 x D3
0=32% (3) =520 4ps
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as a2
p3= 0.4 orps

1 9 d
()* d=04 G=1)

d? =0.4 x10° = 400

.d>=04

d =V400= 20 mm=2cm .Ans.
d 1

But D 10
D =10xd=10 x2= 20.0 cm.Ans.
Let us find first number of turns. From

equation (2), we have

40U 40U

n="a 20 2 (d=20)

0= 2 xn=2 x20=40mm

Weknow,stiffnessofspringisgivenby

L] ¥
= 50rl10 =40

W=10x 40 =400N.Ans.
Usingeqution(16.24),wehave

_ 16WR

T nd3
16 X 400 X 100
 mx203

=25.465N/mm?2.Ans.

D
2z 2 =10cm=100mm)

Problem 4.5.8. Two close- colied concentric helical springs of the same length, are
wound out of the same wire, circular in cross- section and supports a compressive load
‘P’. The inner spring consistsof 20 turns of mean diameter 16cm and the outer spring
has 18 turns of mean diameter 20 cm. Calculate the maximum stress produced in each

spring if the diameter of wire = 1cm and P = 1000 N.

Sol.Given:
Totalloadsupported,P=1000N

Boththespringsareofthesamelengthofthesamematerialandhavingsamedia. ofwire.
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HencevaluesofL,Cand‘d’willbesame. For

inner spring
No.of turns, ni= 20
o R, = 160 80
Meandia.., D=16cm=160mm C T = eumm
Diaofwire, di=1cm=10mm
Forouterspring
No.of turns, Nno= 18
. R =200
Mean dia.., Do=20cm=200mm 7o 2 =100mm
Dia. of wire, do=1cm =10 mm
Let W =Loadcarriedbyinnerspring

W ,=Loadcarriedbyouterspring
Ti=Max.shearstressproducedininner spring
To=Max.shearstressproducedinouterspring.

Now W+W ,=Totalloadcarried=1000 ....(0)

Since there are two close-coiled concentric helical springs, hence deflection of both the
springs will be same.

60=0; where  §,=Deflectionofouterspring
d:=Deflectionofinner spring.

Thedeflectionofclose-coiledspringisgivenbyequation(16.26) as

_ 64WRZ. n
cd*

1)

Henceforouterspring,wehave

_ 64W, X Rg Xng _ 64W, x 1003 x18

Cxdi C x 104 (R,=100,d,= 10)

Oo

Similarlyforinnerspring,wehave

_ B4W; X Rp xm;  64W; x 80% x20
¢ x df C x 10%

0

(Materialofwiresissame.HencevalueofCwillbesame.)
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But
50 = 61'

64W, X 100% x18 _ 64W; x 803 x20
cx10*  Cx10*

W, x 1003 x 18 =W, x 803 x 20

W; x 80% x20
W, =————== 0569 W,
Substituting thevalueofWoin equation (1),wegetW:

+0.569W;=10000r 1.569W;= 1000

1000

Wi = 1596=637.3N.
Butfromequation(1),Wi+W,=1000
Wo= 1000 -Wi= 1000 —637.3 = 362.7N.

Themaximumshearstressproducedisgivenbyequation(16.24)as
— 16WR
d3

Forouterspring,themaximumshearstressproducedisgivenby,

_ 16Wp X Ry _ 16 X 362.7 X100
0= =

T xd] T X 103

=184.72N/mm?2.Ans.

Similarlyforinnerspring,themaximumshearstressproducedisgivenby,
16W; X R; 16 X 637.3 X80

'y 1rxdl-3 T x 103

=259.66N/mm?2.Ans.

Problem4.5.8.AcloselycoiledhelicalspringmadeoflOmmdiametersteelwirehas 15 coils
of 100 mm mean diameter. The spring is subjected to an axial load of 100 N. Calculate:

i.  Themaximumshearstress induced,
ii. Thedeflection,andiii.StiffnessofthespringnTakemodulusofrigidity, C = 8.16 x
10* N/mm?2,

Sol.Given:
Dia. of wire, d=10mm
Number of coils,n =15

Mean dia. of coil,D = 100
&
mmMeanradiusofcoil,R= 2 =50mm
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Axial load,

wW

=100 N

Modulusofrigidity,C=8.16 x10*N/mm?,

i. Maximumshearstressinduced

Wkt

16WR _ 16 X100 x50

ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

= e mx10° =24.46N/mm2.Ans.

Thedeflection(8)Wkt

)

_B64WR®. m 64 x 100 x 50% x15

Stiffnessofthespring

cd*

~ 14.7=6.802N/mm.Ans.

IMPORTANTTERMS

816 x 104 x 10+ =14.7 mm.ANS.

Load on spring

Stiffness= peflection of spring

100

TORSIONOFSHAFT

TorsionEquation

T=Toque(Tmax)l =
lengthofshaftd= Angle
oftwistinradianJ=
_m p+ Polarmoment
32 of Inertia
Forsolidshaft

32 (D% —d*) forhollowshaft

Toqueonshaft(T)

D=Quterdiameterofshaftd=

innerdiameterofhollowshaft

t=shearstress
C=Modulusofrigidityofshaft

Torsionalrigidity

Power transmission

N=Speedin rpm
T=Torque (Tmean)

%ofsavingmaterial

W, = Weight of solid shaft
W, = Weight of hollow shaft

% of saving material
forsamematerialand
samelength

A, = Area of solid shaft
A, = Area of hollow shaft
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Findsuitablediameter
of shaft

Finddiameterofshaftintwo
method
1. Basedonshearstress

Largestdiameteristhesuitable
diameter of shaft

7= p3 Sameprocedurefollowedfor
16 hollow shaft
2. Basedonangleof twist

T (6

J L
SERIESSHAFT( 1. Angleof twist
Shaftwithvarying 0=0,+0,
cross section) 2, LengthL= 1+

'3_ TorqueT =T, =T,

PARALLELSHAFT
(Compositeshaft)

1. Angleoftwistsame
6=6,=6,
2 LengthL = [, =1,
3 TorqueT =T, + T,

COMBINEDBENDINGANDTORSIONACTONASHAFT

S ePrinei 16 S
MajorPrincipalStress /A (M+VMET2)
nD3
16D ——
= (M+VM24T2)
n(D*—d*%)
MinorPrincipalStress \ 1§ (M—VM?5T2)
D3
16D —
= (M—VM24T2)
w(D*—d%)
Maximumshearstress _ b /M21T2)
T e
S ———— VPR
m(D*—d%)
Strainenergystoredin —
4 4C Vrz

abodyduetotorsion

M=Bendingmoment T
= Torque
V=Volume=Areax

_ 7D?3

4 lengthfor
T 2 ;5
=5 (07 =dI solidshaft
forhollowshaft

SPRING(CLOSEDCOI

LHELICALSPRING)

Deflection(d)

W=axialloadonthespring

0= —CaF 6aWR®n R=meanradiusofcoil spring
EnergyStoredin spring | =Averageloadx deflection n=numberofturnincoilC=
(V) =Wx oW R 5/2 modulusofrigidityofspringd
T cat =diameterofspringwired=
Springstiffness (s) = W/S deflection of spring
_cd
64 R%n
Shearstressinduced in  |16WR
spring(z) = 3
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Solidlengthofspring =n xd
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OPENCOILHELICALSPRING

Deflection (8) _ 64WR°nseca [cos2 a

Duetoaxialload a d* C
2sin? a‘

Deflection(6)Due to 5= 0 [

axial twisting d*

couple 64MR*nsinal

Angleofrotation(p)

Duetoaxialload

64WR2nsma [

Angleofrotation(p)

64M0Rnseca lsm a

Duetoaxialtwisting d* G
couple
BendingStress N 2cos? a
E

_ 32 WR sina

® md3

< 16 WRcosa

N nd?3

Shearstress

W=axialloadonthespring R
=meanradiusofcoilspringn
= number of turn in coil C =
modulusofrigidityofspringd
=diameterofspringwire &

= deflection of spring
a=helixangleof spring
E=young’s modulus

THEORETICALPROBLEMS

1. Definethetermtorsion,torsionalrigidityandpolarmomentofinertia.

2. Deriveanexpressionfortheshearstressproducedinacircularshaftwhichis subjected
to torsion. what are the assumptions made in the derivation

3. Provethatthetorquetransmittedbyasolidshaftwhensubjectedtotorsionisgiven by T
= /167D where D =dia of shaft and 7 = max shear stress

4. Whenacircularshaftissubjectedtotorsionshowthattheshearstressvaries linearly
from the axis to the surface

5. Derivetherelationforcircularshaftwhensubjectedtotorsionasshown T/J =

/R = COI/L

WhereT=torquetransmitted

J=polarmomentofinertia

T=maxshearstress
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R=radiusofshaft
C=modulusofrigidity
f=angleoftwist
L=lengthofshaft

6. Findanexpressionforthetorquetransmittedbyahollowcircularshaftofext dia
DoandintdiaD;
7. Define the term polar modulus. Find the expression for a solid shaft and hollow
shaft
8. Whatdoyoumeanbystrengthofshaft
9. Definetorsionalrigidityofshaft.Provethatthetorsionalrigidityisthetorque required to
produce a twist of one radian in a unit length of shaft
10. Provethatthestrainenergystoredinabodyduetoshearstressisgiven by
U=1%/2C*V
Wheretr=shearstress
C=modulusofrigidity V =
volume of body
11. Findanexpressionforstrainenergystoredinabodyduetotorsion
12. AhollowshaftofextdiaDandintdiadissubjectedtotorsion,provethatthestrain energy
stored is given by
U=12/4CD?(D?+d?)whereV=volumeofhollowshaft.z=shearstress

13. Whatisaspring.Namethetwoimportanttypesofspring
14. Provethatthecentraldeflectionofthelaminatedspringisgivenby
5= ol?/AEt
Whereg=max stress
E=modulusofelasticity L
= length of leaf spring
T=thicknessofeachplate
15. Definehelicalsprings.Namethetwoimportanttypesofhelicalsprings.
16. Prove that the max shear stress induced in wire of close coiled helical spring
isgiven by
= 16WR/nd®

Wheret=maxshearstress
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W= axialload
R=meanradiusofspringcoil
17.Find an expression for the strain energy stored by the close coiled helical spring
when subjected to axial load W
18.Provethatthedeflectionofaclosecoiledhelicalspringatthecentresdueto axial
loadWisgivenby 6= 64WnR3/Cd*
WhereR=meanradiusofspringcoil N =
number of coil
C=modulusof rigidity
D= diaofwire

NUMERICALPROBLEMS

1.

The shearing stress in a solid shaft is not exceed 45 N/mm? when the torque
transmitted is 4000 Nm. Determine the min dia of the shaft. Ans = 16.49 mm

Find the max torque transmitted by a hollow circular shaft of ext dia 30cm and int
dia 15cm if the shear stress is not to exceed 40N/mm?. Ans = 198.8Kn

Two shafts of the same material and of same length are subjected to same torque if
the first shaft is of a solid circular section and the second shaft is of hollow circular
section,whoseintdiais0.7timestheoutsidediaandthemaxshearstressdeveloped in each
shaft is the same, compare the weight of the shaft. Ans =( 1.633/1)
Findthemaxshearstressinducedinasolidcircularshaftofdia20cmwhentheshaft transmit
187.5kW at 200rpm. Ans = 5.7N/mm?

A solid circular shaft is to transmit 375kW at 150 rpm. Find the dia of shaft if the
shear stress is not to exceed 65N/mm?. What percent saving in weight would be
obtainedifthisisreplacedbyahollowshaftwhoseintdiaequalto2/3ofextdia,the
length,thematerialandmaxshearstressbeingthesame.Ans=12.29cmand35.71%

A solid shaft has to transmit 112.5 kW at 250 rpm. taking allowable shear stress as
70 N/mm?. Find suitable dia for the shaft if the max torque transmitted at each
revolution exceeds the mean by 20%. Ans = 7.20 cm
Ahollowshaftistotransmit337.5kWat100rpm.Iftheshearstressisnottoexceed
65N/mm? and the int dia is 0.6 of the ext dia, find the ext and int dia assuming the

max torque is 1.3 times the mean. Ans = 15.52 cm and 9.312 cm
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8.Determinethediaofsolidsteelshaftwhichwilltransmit112.5kWat200rpm.Also determine

the length of shaft if the twist must not exceed 1.5 over the entire length.
Themaxshearstressislimitedto55N/mm?. Takethevalueofmodulusofrigidity=
8*10*N/mm?. Ans = 7.9 cm and 150.4 cm

9.Determinethediaofsolidshaftwhichwill transmit 337.5kW at300rpm. Themax

10.
11.

12.

13.

14.

15.

16.

shearstressshouldnotexceed35N/mm?2andtwistshouldnotbemorethanlina
shaftregionof2.5m.takemodulusofrigidity=9*10*N/mm?. Ans=11.57cm
andthecouplingareequallystrongintorsion.Ans=11.6cmand0.848cm

A hollow shaft of 1.5 m long has ext dia 60mm. It has 30mm int dia for a part of
lengthand40mmintdiaforrestoflength.lfthemaxshearstressinitisnottoexceed 85
N/mm? determine the max horse power transmitted at 350 rpm. If the twist
produced in two portions of the shafts are equal find the length. Ans = 141.37,
808.23mm, 691.77mm
Aleafspringcarriesacentralloadof2.5kN.Theleafspringistobemadeof10steel plates 6
cm wide and 5mm thick. If the bending stress is limited to 100 N/mm?. Determine
the length of spring and deflection at the centre of the spring. Ans =40 cm, 0.4cm
Alaminatedleafspring0.9mlongismadeupofplateseachScmwideand1lcmthick.
Ifthebendingstressintheplateislimitedto120N/mm?howmanyplateswouldbe required
to enable the spring to carry a central pont load of 2.65 kKN. What is the deflection
under the load.Ans = 6 plates, 1.215 cm
AcloselycoiledhelicalspringistocarryaloadoflkN.Itsmeancoildiaistobel0 times the
wire dia. Calculate these dia if te max shear stress in the materiall of the spring is to
be 90 N/mm?. Ans = 16.82 cm and 1.68cm
Inques16ifstiffnessofspringis20N/mmdeflectionandmodulusofrigidity=
8.4*10*N/mm?findthenumberofcoilsinthecloselycoiledhelicalspring.Ans=9

A closely coiled helical spring of round steel wire 8mm in dia having 10 complete
turnswithameandiaof10cmissubjectedtoanaxialloadof250N.Determinethe

deflectionofspring,maxshearstressinwire,stiffnessofspring.Ans=6.1cm,124.34

N/mm?,4.1N/mm?

CE3491 STENGTH OF MATERIALS



