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UNIT Il Design of Bolted and Welded Joints

Design of Bolted Jointsthreaded fasteners, preload

of bolts, various stresses induced in the bolts. Torque
requirement for bolt tighteninggasketedoints and
eccentrically loaded bolted joints.

Welded JointsStrength of lap and butt welds, Joints
subjected to bending and torsion. Eccentrically loaded
welded joints.

UNIT Il Power transmission shafts and Couplings
Power Transmission ShaftBesign of shafts

subjected to bending, torsion and axial loading. Shafts
subjected to fluctuating loads using shock factors
Couplings Design of flange and bushed pin couplings,
universal coupling.




UNIT IV Design of Clutches, Brakes and Springs

Friction ClutchesTorgue transmitting capacity of disc and
centrifugal clutches. Uniform wear theory and uniform
pressure theory.

Brakes:Different types of brakes. Concept of selfergizing
and selflocking of brake. Band and block brakes, disc
brakes.

Springs Design of helical compression, tension, torsion a
leaf springs.



UNITV Design of Bearings and Gears

Design of Sliding Contact Bearindsibrication modes,
pearing modulus, McKee's equations, design of journal
pearing. Bearing Failures.

Design of Rolling Contact Bearingatic and dynamic load
capacity,Stribeck'sequation, equivalent bearing load, load
life relationships, load factor, selection of bearings from

manufacturer's catalogue.

Design of GearsSpur gears, beam strength, Lewis.equatio
design for dynamic and wear loads.






Definition of MachineDesign

1) Machine design is defined as the use of scientific principles,

technical information & imagination

or

2) Machine designis defined as the use of scientific principles,
technicalinformation & imaginationin the descriptionof a machine
or a mechanicalkystemto perform specificfunctionswith maximum

economyé& efficiency



BasicRequirementof Machine Elements

Strengthand Rigidity
WearResistance

Minimum Dimensions: Weight
Manufacturability

Safety

Conformanceéo standards
Reliability

Maintainability

Minimum Life-cycleCost










ToughnessAbility to absorbenergybeforefracture takesplace

Malleability: Ability to deformto a greaterextent beforethe signof
crack,whenit is subjectedto compressivdorce

Ductility: Ability to deformto a greaterextent beforethe signof
crack,whensubjectedio tensileforce

BrittlenessPropertyof the materialwhich showsnegligibleplastic
deformationfracture takesplace

HardnessResistancéo penetrationor permanentdeformation



GeneralProcedurein MachineDesign

Recognizandspecifythe problem

Selectthe mechanisnthat would
givethe desiredmotion andform

; the basicmodelwith a sketchetc

\Determine the stressesand thereby
the sizesof componentssit. failure or

/deformationdoesnot occur
!

Needor aim
|
Synthesis
|
Analysiof the FORCES
|
/ Material selection
|
\I Desigrof elements
1
Modification
l
Detaileddrawing

 — Production

Modify sizeso easeconstruction&
reduceoverallcost























































LIMITOFSIZES

Therearetwo extremepossiblesizesof acomponent.
Thelargestpermissiblesize foracomponentis called
upperlimit andsmallestsizeis calledlower limit.

r Tolerance
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TOLERANCE

‘ Tolerance

= A tolerance 1s the total permissible
variation from the specified basic
size of the part.

= ower deviation Toleronce
olerance Upper deviation Lower deviation
1 Hola/ Upper deviation
‘—— Zero line and
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POSITIONALOLERANCES

Twotypesof positionaltolerancesare used:
Unilateraltolerances

Bilateraltolerances
Whentolerancels on onesideof basicsize,it is called

unilateralandif it isboth in plusand minusthen it is known
asbilateraltolerance.
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(a) Unilateral tolerance (h) Bilateral tolerance.




FITS

Thedegreeof tightnessor loosenesdetweentwo mating
partsis calledafit.
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TYPE®SFFITS

CLEARANCHTThereis aclearanceor looseness in this type of
fits. Thesdfits maybeslidefit easyslidingfit, runningfit etc.

)\

Max.
clearance

T

Hole

A\l

(a) Clearance fit.




TYPES GHTS

INTERFERENEIEThereis aninterferenceor tightnessin
thesetype of fits. E.g. shrinkit, heavydrivefit etc.

TRANSITIONT:In thistype of fit, the limits for the matingparts
are so selectedhat either a clearanceor interference may
occurdependinguponthe actualsizeof the matingparts.
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TYPESFFITS

TRANSITIONTIn this typeof fit, the limitsfor the mating
partsare so selected thaeither aclearanceor interference
mayoccurdependinguponthe actualsizeof the matingparts.
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Strength of the component (S5,,95))
Stress 1n the component due to the actual load
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Genesiof BIS

Governmenbf Indiaresolutionon 3 Septemberl 946for
establishmenof IndianStandarddnstitution.

IndianStandardsnstitution (predecessoof Bureauof Indian
Standards)setip on 6 Januaryl947.

Objectives Promotingstandardizationquality controland
simplificationin industry& commerce.

Bureauof IndianStandard¢BIS)Establisheah 1 April 1987under
BlSact, 1986 asstatutorybody








https://en.wikipedia.org/wiki/Stress_(physics)
https://en.wikipedia.org/wiki/Crack_propagation
https://en.wikipedia.org/wiki/Fracture
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Followingfiguresshowthe severalWwaysof reducingthe stress
concentration in shafts and other cylindrical membetth

shoulders
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(a) Poor
Fig. 6.9. Methods of reducing stress concentration in cylindrical members with shoulders.
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(¢) Preferred
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Fig. 6.10. Methods of reducing stress concentration in cylindrical members with holes.
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(a) Poor
Fig. 6.11. Methods of reducing stress concentration in cylindrical members with holes.
















SN Diagram

Fatiguestrengthof materialis determinedby R.RMoore rotating
beammachine.Thesurfaceis polishedin the axialdirection.

A constantbendingloadis applied.

Thesurfaceis polishedin the axialdirection.A constantbending
loadis applied.
Typicaltestingapparatus pure bending
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UNIT-I

DESIGN OF BOLTED AND WELDED
JOINTS




ts

IN

jO

©
D
P

IVE

Failureof bolted or r




-]

& -O OQI e =
e
.m - .../o OI o
O \ S
_Iv
e
e
-
m
N
o
=
O
_IU
Q
O &
= i3 ’
7))
N
e
=
O
-J
Q.
©
—l



EXAMPLEL



EXAMPLEZ2
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steel bolt




EXAMPLE3
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WELDEDOINTS

Reinforcement
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Weldunder Bending




Weldunder Bending
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ThreadedFasteners

FastenerTypes

Bolt

Boltsare definedasheadedfastenershavingexternalthreadsthat
meet an exacting,uniform bolt thread specificationsuchthat they
canaccepta non-taperednut.

Screwsare definedasheaded externallythreadedfastenersthat

do not meet the above definition of boltScrewsalways cutheir
own internalthreadswheninitially installed,asthere isgenerallyno
tool meeting the arbitrary specification of their threads to tap out
the internalthreadsbeforehand. Also,they are generallytapered

to asharppoint.
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ThreadDetall

Crest Width = 1/8 Pitch
Root Width = % Pitch
r = Radius at the Root =0.1443 x P
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UNIT-III : KES, QOTTERAND

KNUCKLBEOINTS

Key isusedto transmit torque
betweenshaftandthe component
mountedon the shatft.
Squareandflat keysare most

common

() Reviangular kes




TYPESFKEYS

Round Kennedy

ERERE

Involute spline

Woodruff




Stressesactingon keys

(a) Forces on key which fits (b) Forces acting on
tightly top and bottom. loosely fitted key.






















Theconnectingshaftisloaded primarily in torsion.

Driven machine

Motor \
\ . Shaft
|
(
L : [P Bearing (2)
e

(a) Connecting shaft



INTRODUCTION

A shaft is a rotating machineelement which is usedto transmit power from
one placeto another The power is deliveredto the shaft by sometangential
force and the resultant torque (or twisting moment) set up within the shaft

permits the power to be transferred to various machineslinked up to the
shaft

In order to transfer the power from one shaft to another, the various
members such as pulleys, gears etc.,, are mounted on it. Thesemembers
alongwith the forcesexerteduponthem causeghe shaftto bending

In other words, we may saythat a shaft is usedfor the transmissionof torque
and bending moment The various membersare mounted on the shaft by
meansof keysor splines



1.The shafts are usually cylindrical, but may be square or crossshapedin
section Theyare solid in crosssectionbut sometimeshollow shaftsare also
used

2.An axle, though similar in shapeto the shaft, is a stationary machine
element and is usedfor the transmissionof bendingmoment only. It simply
actsas a support for some rotating body such as hoistingdrum, a car wheel
or aropesheave

3.A spindleis a short shaft that imparts motion either to a cutting tool (e.g.
drill pressspindles)or to awork piece(e.g. lathe spindles)



MATERIAL USED FOR SHAFTS

Thematerialusedfor shaftsshouldhavethe followingproperties:
1.1t shouldhavehighstrength.

2.1t shouldhavegoodmachinability.

3.1t shouldhavelow notch sensitivityfactor.

4.1t shouldhavegoodheattreatment properties.
5.1t shouldhavehighwearresistantproperties.
Thematerialusedfor ordinaryshaftsis carbonsteelof grades40 C 8,45 CS8,

50C4 and50C12.

Themechanicapropertiesof thesegradesof carbonsteelare givenin the

following table.

Table 14.1. Mechanical properties of steels used for shafts.

Indian standard designation

Ultimate tensile strength, MPa

Yield strength, MPa

40C8
45C8
50C 4
30 C 12

960 - 670
610 - 700
640 - 760
700 Min.

320
350
370
390




MANUFACTURINGFSHAFTS

When a shatft of high strength is required, then an alloy steel subincésl,
NickeltChromium a Chrome-Vanadium steel is used.

Shaftsare generallymanufacturedby hot rolling and finishedto sizeby cold
drawingor turning and grinding.

The cold rolled shafts are strongerthan hot rolled shaftsbut with higher
residualstresses

Theresidualstresseanay causedistortion of the shaftwhenit is machined,
especiallywhenslotsor keywaysare cut.

Shaftsof largerdiameterare usuallyforgedandturned to sizein alathe.



TYPES OF SHAFTS

Thefollowing two types of shaftsare important from the
subjectpoint of view

1.Transmission shafts These shafts transmit power
betweenthe sourceand the machinesabsorbingpower:
The counter shafts, line shafts,over head shaftsand all
factory shafts are transmissionshafts Sincethese shafts
carry machineparts suchas pulleys,gearsetc., therefore
they are subjectedto bendingin additionto twisting.

2.Machine shafts Theseshafts form an integral part of
the machine itself. The crank shaft is an example of
machineshaft



StandardSizesof Transmissiorshafts

The standard sizes of transmission shafts are :
1) 25 mm to 60 mm with 5 mm steps,;

2) 60 mm to 110 mm with 10 mm steps ;
3) 110 mm to 140 mm with 15 mm steps ; and
4) 140 mm to 500 mm with 20 mm steps.

The standard length of the shaftsare 5m, 6 m and 7 m.



Stressesn Shafts

Thefollowingstressesare inducedin the shafts:
1.Shearstressesdue to the transmissionof torque to torsional
load).

2.Bending stresses(tensile or compressive)due to the forces
acting upon machineelementslike gears,pulleysetc. aswell as
dueto the weightof the shaftitself.

3.Stresseslueto combinedtorsionalandbendingloads









Theshaftsmaybe designedn the basisof
1. Strength,and 2. Rigidityandstiffness.

In designingshafts onthe basisof strength,the following

casegnaybe considered

(a)Shaftssubjectedio twistingmomentor torque only,

(b)Shaftssubjectedto bendingmomentonly,

(c)Shaftssubjectedto combinedtwistingandbending
moments,and

(d)Shaftssubjectedto axialloadsin additionto combined

torsionaland bendingloads.

We shallnow discusgshe abovecasesin detail, in the following
pages.


















































































































Shafts Subjected to Axial Loadin additionto Combned
Torsionand BendingLoads

When the shaft is subjected to an axial load (F) in addition to torsion and bending loads as in
propeller shafts of ships and shafts for driving worm gears, then the stress due to axial load must be
added to the bending stress (c,). We know that bending equation is

M _ o, o o = M.y Mxdl2Z 32M
I y ol T ygt md
and stress due to axial load 64
o S A (F d solid shaft)
= Ex d?_ nd2 . AFOr round so sha
4
_ = o ( For holl haft)
= - = 7 2 or Noiow sha
Ty @] -]
= i (v k=dJ/d
- n(dn)z (l—kz) pn T /o)
. Resultant stress (tensile or compressive) for solid shaft,
32M+ 4F _ 32 (M+FXdJ
%1% 2  rd® ndd \ 8 A
- AN ...{ Substituting M, = M + ik d)
nd’ \



In case of a hollow shaft, the resultant stress,

. - R2M | AF
Y ord)0-kY) m(d)? (1-£P)
_ 32 [M+Fd(, (1+k2)}= 32 M,
n (d,)* (1- &) 8 n(d,)® (1- k")

Fd, (1+k2)]
8

In case of long shafts (slender shafts) subjected to compressive loads, a factor known as column
factor (o) must be introduced to take the column effect into account.

.. Stress due to the compressive load,
4. = ax4F
C ndZ

...I:Subsutullng for hollow shaft, M, = M +

...{ For round solid shaft)



ox4F

" n(d,)? (1 —k%)
The value of column factor (o) for compressive loads™ may be obtained from the following
relation :

...(For hollow shaft)

1
~1-0.0044 (L/K)
This expression is used when the slenderness ratio (L / K) is less than 115. When the slender-

ness ratio (L / K) is more than 115, then the value of column factor may be obtained from the follow-
ing relation :

Column factor, o

o, (LK)
**Column factor, o =—'-'m-
Tt
where L = Length of shaft between the bearings,

K = Least radius of gyration,
¢, = Compressive yield point stress of shaft material, and
C = Coefficient in Euler's formula depending upon the end conditions.
The following are the different values of C depending upon the end conditions.
C =1, for hinged ends,
= 2.25, for fixed ends,
= 1.6, for ends that are partly restrained as in bearings.



Note: In general, for a hollow shaft subjected to fluctuating torsional and bending load, along with an axial load,
the equations for equivalent twisting moment (7)) and equivalent bending moment (/) may be written as

o2
T = J[Kme+aFd°8(l+k )] + (K, x T)*

e

m 34 pd
=J—ﬁxr(¢,) (1-47%)

2 2y )2
and = %[Kme+°‘Fdoé1+")+\/{Kme+°‘F"°£+" )} +(K,><T)2]
_x 4k
—32x0b (do) (l 'k)

It may be noted that for a solid shaft, k=0 and d, = d. When the shaft carries no axial load, then /=0 and
when the shaft carries axial tensile load, then ¢ = 1.



Example 14.18. A hollow shaft is subjected to a maximum torque of 1.5 kN-m and a maximum
bending moment of 3 kN-m. It is subjected, at the same time, to an axial load of 10 kN. Assume that
the load is applied gradually and the ratio of the inner diameter to the outer diameter is 0.5. If the
outer diameter of the shaft is 80 mm, find the shear stress induced in the shaft.

Solution. Given : T=15kN-m=15x 10 N-m: M =3 kN-m = 3 x 10° N-m ;
F=10kN=10x10°N;k=d /d,=05;d, =80 mm=0.08 m
Let T = Shear stress induced in the shaft.
Since the load is applied gradually, therefore from Table 14.2, we find that
K_=15;and K,=1.0

We know that the equivalent twisting moment for a hollow shaft,

- 2 2
T=\/ K, g % L+ 4 )] + (K, x T)?

. 8

2
)} + (1 x1.5x%10%?

15x3x10° +
8

\/' 1x10 x 10* x 0.08 (1 + 0.5

. [~ a=1, for axial tensile loading)

= (4500 +125)? + (1500)? = 4862 N-m = 4862 x 10° N-mm
We also know that the equivalent twisting moment for a hollow shaft (7)),

4862 x 10° =% x1(d,)? 1-4k') = 116X 7 (80)* (1-0.5") =94 260 <
7= 4862 x 10%/ 94 260 = 51.6 N/mm? = 51.6 MPa Ans.



Example 14.19. A hollow shaft of 0.5 m outside diameter and 0.3 m inside diameter is used to
drive a propeller of a marine vessel. The shaft is mounted on bearings 6 metre apart and it transmits

5600 kW at 150 r.p.m. The maximum axial propeller thrust is 500 kN and the shaft weighs 70 kN.
Determine :

1. The maximum shear stress developed in the shaft, and
2. The angular twist between the bearings.

Solution. Given : d, = 0.5 m; d,= 03 m: P = 5600 kW = 5600 x 10° W; L =6 m;
N=150rpm.; F=500kN =500 x 10°N; W=70kN=70x 10N
1. Maxinmum shear siress developed in the shaft

Let © = Maximum shear stress developed in the shaft.

We know that the torque transmitted by the shaft,

7 Px60 _ 5600 x10° x 60

2xN  Zmwis0 oo ieonm
and the maximum bending moment,
3
M= WxL _T70x10°x6 52 500 Nom

8 8



Now let us find out the column factor o.. We know that least radius of gyration,

= [y — ]
K=\/§= 64

g[(afo)2 ~ (d)?]

[(d,)® + (d)°]1(d,)* - (d)°]
- 16 [(d,)® - (d;)’]

_ %\/(do)z (@) = % J05)7 + (0.3)% =0.1458m

.. Slenderness ratio,
LIK= .6/0.1458 =41.15

1 - 0.0044 (£
: K

1 1
= 1-00044x41.15 1-0.18 =122

1
and column factor, o= ) ( —




Assuming that the load is applied gradually, therefore from Table 14.2, we find that
K =15andK =10

Also k=d/d=03/05=06

We know that the equivalent twisting moment for a hollow shaft,

42 ; 2 2
TC=JKme+aFd0él+k )] + (K, x T)?

1.5 x 52 500 + 2

=/(78 750 + 51 850)? + (356 460)> =380 x 10° N-m
We also know that the equivalent twisting moment for a hollow shaft (T,),
Tt Tt
380 x 10° = 7% T (dp)* (1= k") =% 7 (05)° [1 - (0.6)'] =002+
T = 380 x 10%/0.02 = 19 x 105 N/m? = 19 MPa Ans.

= 3 2T
\/ 1.22 % 500 x 10% x 0.5 (1 + 0.6 )} NS

Prof. S. G. Kolgiri,
SBPCOE,Indapur



2. Angular twist between the bearings
Let 6 = Angular twist between the bearings in radians.
We know that the polar moment of inertia for a hollow shaft,

Jie 3_"2 [()% = () )= 3_"2 [0.5)* - (0.3)'] =0.005 34 m*
From the torsion equation,

T Gx0
— = — , we have

T~ I

TxL 3564606

GxJ 84x10° x0.00534
... (Taking G = 84 GPa = 84 x 10° N/m?)

6 = = 0.0048 rad

— 00048 x 20 _ 0975° Ans.

b



Designof Shaftson the basisof Rigidity

1. Torsional rigidity. The torsional rigidity is important in the case of camshaft of an 1.C.
engine where the timing of the valves would be effected. The permissible amount of twist should not
exceed 0.25° per metre length of such shafts. For line shafts or transmission shafts, deflections 2.5 to
3 degree per metre length may be used as limiting value. The widely used deflection for the shafts is
limited to 1 degree in a length equal to twenty times the diameter of the shaft.

The torsional deflection may be obtained by using the torsion equation,

T G.9 4 7L
I E TG
where 6 = Torsional deflection or angle of twist in radians,

T = Twisting moment or torque on the shaft,
J = Polar moment of inertia of the cross-sectional area about the axis

of rotation,
n 4
= —Xd
3 > ...(For solid shaft)
= [(d -(d,) ] ...(For hollow shaft)

G Modulus of rigidity for the shaft material, and
L = Length of the shaft.



2. Lateral rigidity. It is important in case of transmission shafting and shafts running at high
speed, where small lateral deflection would cause huge out-of-balance forces. The lateral rigidity is
also important for maintaining proper bearing clearances and for correct gear teeth alignment. If the

chaft ic nf unifnrm rracce_cortinn thon the latoral dofloctinn nf a chaft mav he nhtained hv icino the
the lateral deflection may be determined from the fundamental equation for the elastic curve of a

beam, i.e. : .
d* y M

d’  El



Example 14.21. A steel spindle transmits 4 kW at 800 r.p.m. The angular deflection should not
exceed 0.25° per metre of the spindle. If the modulus of rigidity for the material of the spindle is 84
GPa, find the diameter of the spindle and the shear stress induced in the spindle.

Solution. Given : P=4 kW =4000 W ; N=800 r.p.m. ; 6=0.25° = 0.25 X T _0.0044 rad :
L=1m=1000 mm ; G=84 GPa =84 x 10 N/m? = 84 x 10° N/mm? 2
Diameter of the spindle

Let d = Diameter of the spindle in mm.

We know that the torque transmitted by the spindle,

Px60_ 4000 % 60

=47.74 N-m = 47 740 N-mm

2nN 21 x 800
T Gx@ Txl1
We also know that — = 7 T JI=10
‘n ., 47 740x1000

or 327 T 3ax10°x000a4 120167

& d* =129167 x32/n=1.3 x 10° or d=33.87 say 35 mm Ans.
Shear stress induced in the spindle

Let © = Shear stress induced in the spindle.

We know that the torque transmitted by the spindle (7).

T 3 % 3
- —XTXd =— 35)° =
47 740 16 TX 16 x 1 (35) 8420 1

T = 47 740/ 8420 = 5.67 N/mm? = 5.67 MPa Ans.



Example 14.22. Compare the weight, strength and stiffness of a hollow shaft of the same external
diameter as that of solid shaft. The inside diameter of the hollow shaft being half the external diameter:
Both the shafts have the same material and length.

Solution. Given:d =d;d,=d,/2 or k=d/d,=1/2=05

Comparison of weight
We know that weight of a hollow shaft,
W, = Cross-sectional area x Length x Density

g [(da)2 — (dj)zJ x Length x Density ()
and weight of the solid shafft,

Wy g x d* x Length x Density D

Since both the shafts have the same material and length, therefore by dividing equation (i) by
equation (fi), we get .
W, () -(d)’ _(d) - (d)
WS = dz = (do)z ( d= da)
(d)*
(da) 2

=1—

=1-k=1-(0.52=0.75 Ans.



R

Ceoemparisorn of strength
We know that strength of the hollow shafft,

T
7;.! = Ex‘c (do)3 (1_k4)

and strength of the solid shaft,
T 3
Ts = 1—6 xTXd
Dividing equation (##f) by equation (iv), we get
T (d)? a—«Y _ (d,) a—«k")

E g & (d,)? Rl
=1-(0.5)*=0.9375 Ans.

Comparison of stiffness

We know that stiffness _ _
_T_6xJ
e 1L
. Stiffness of a hollow shafft,
G x 4 A
= —X—|1(d,)" —(d
Su= 7 X35 L) - (@)']
and stiffness of a solid shaft,
. G T 4
S. = —X—xd
T 32
Dividing equation (v) by equation (vi), we get
S @) -@)' @) ) (4)"
Ss d (d,)" (d,)"

1-k'=1-(0.5)"*=0.9375 Ans.

- AdiD

v

e d=d)

(¥

.. (vi)

(o d=d)
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EXERCISES

A shaft running at 400 r.p.m. transmits 10 kW. Assuming allowable shear stress in shaft as 40 MPa,
find the diameter of the shaft. |Ans. 35 mm|

A hollow steel shaft transmits 600 kW at 500 r.p.m. The maximum shear stress is 62.4 MPa. Find the
outside and inside diameter of the shaft, if the outer diameter is twice of inside diameter, assuming that
the maximum torque is 20% greater than the mean torque. [Ans. 100 num ; 50 mm]

A hollow shaft for a rotary compressor is to be designed to transmit a maximum torque of 4750 N-m.
The shear stress in the shaft is limited to 50 MPa. Determine the inside and outside diameters of the
shaft, if the ratio of the inside to the outside diameter is 0.4. [Ans. 35 mm : 90 mm]|

A motor car shaft consists of a steel tube 30 mm Internal diameter and 4 mm thick. The engine
develops 10 kW at 2000 r.p.m. Find the maximum shear stress in the tube when the power Is transmit-
ted through a 4 : 1 gearing. {Ans. 30 MPa]

A cylindrical shaft made of steel of yield strength 700 MPa is subjected to static loads consisting of a
bending moment of 10 kN-m and a torsional moment of 30 kN-m. Determine the diameter of the shaft
using two different theories of failure and assuming a factor of safety of 2. [Ans. 100 mm]



Combned bendingand torsion loads on shaft: Shaft
carryinggears.

Driven Driver
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Gear countershaft

From power and rpm find the torque (T), which gives rise to shear stress.

From Torque (T) and diameter (d), find F,= 2T/d. From F,and pressure
angles of gears you can find F,and F..

F.and F,are orthogonal to each other and are both transverse forces to
the shaft axis, which will give rise to normal bending stress in the shatft.
When shaft rotates, bending stress changes from tensile to compressive
and then compressive to tensile, ie, completely reversing state of stress.

F.will give rise to normal axial stress in the shatt.



Loadson shaftdueto pulleys

Pulley torque (T) = Difference in belt
tensions in the tight (t;) and slack (t,)

sides of a pulley times the radius (r), ie

T = (tl'tz)xr

Left pulley torque

T,=(7200-2700)x380=1,710,000 N-mm

Right pulley has exactly equal and
opposite torque:

S

T,=(6750-2250)x380=1,710,000 N-mm -

Bending forces in vertical (F,) and horizontal (F,) directions:

'y =380 mm

=""Jcm|

900N 7=
L 380

mm

At the left pulley: F,,,=900N; F,;=7200+2700 = 9900N

At the right pulley: F,,=900+6750+2250=9900N; F,=0









Integrated splinesin hubsand shafts allow axial

motion andtransmitstorque
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4—5[:;|ine E-SLEJIine 10-spline 16-spline

(@) Straight-sided

Common types of splines.

All keys,pins and splinegiveriseto stress
concentrationin the hub andshaft
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SLEEVERMUFFCOUPLING






















Clampor CompressiorCoupling
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1.Unproteded type flange coupling

—| L1544 L 1.5d =



























Protectedtype flangecoupling
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Marine type flangecoupling
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Bushedpin FlexibleCoupling

Brass bush (2 mm thick)
Flange

Cheese head bolt x
‘ 7
%,——

Rubber bush ——

(6 mm thick)
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UNITFIV: DESIGNDFSPRINGS

Introductionto Desigrof HelicalSprings




Ol ectives of Soring

Cushioning absorbing, or controllingof energydue to shockand
vibration.

Carspringsor railway buffers To control energy,springssupports
andvibrationdampers.







3. Measuringorces

Springbalancesgages

4.Storingof energy
In clocksor starters
Theclockhasspiraltype of springwhichis woundto coiland
then the stored energy helps gradual recolil of the spring

when in operation Nowadayswe do not find much use of
the winding clocks






Oiktemperedwire:

It is a cold drawn, quenched tempered,and generalpurpose
springsteel However,it is not suitablefor fatigue or sudden
loads, at subzerotemperaturesand at temperaturesabove
18C°C.

When we go for highly stressedconditionsthen alloy steels
are useful

ChromeVanadium

Thisalloy springsteelis usedfor high stressconditionsand at
high temperature up to 22C0°C. It is good for fatigue
resistanceandlongendurancefor shockandimpactloads
ChromeSilicon

Thismaterial canbe usedfor highly stressedsprings It offers
excellent service for long life, shock loading.and for
temperatureup to 25C°C.






rng

leaf spring




Draw bar spring _ constant- force spring
Pull Types Springs




HELICAISPRING
It is made ofwire coiledin the form of helixhavingcircular,squareor

rectangularcrosssection.

Thefiguresbelow show theschematiaepresentationof ahelical
spring aded upon by atensile load Fand compressve load F. The
circlesdenotethe crosssectionof the springwire.

I b

Wire Diameter (d)

Shear Fork'e ()

] )l'omion (T)

Coil diameter (D)







In designof helicalsprings,the designershoulduse good judgment
In assumingthe value of the spring index C The spring index
Indicatesthe relative sharpnes®f the curvatureof the coil.

Alow springindexmeanshigh sharpnes®f curvature

Whenthe springindexis low (C< 3), the actualstressean the wire

are excessivedue to curvature effect. Sucha spring is difficult to

manufactureand specialcarein coilingis requiredto avoid cracking
In some wires. When the spring index is high (C >15), it resultsin

largevariationin coil diameter




Sucha springis proneto bucklingand alsotangleseasilyduring
handling Springindex from 4 to 12 is consideredbetter from
manufacturingconsiderations

Therefore, in practical applications, the spring index in the
rangeof 6 to 9 is still preferred particularlyfor closetolerance
springsandthosesubjectedto cyclicloading




Termsusedin Helicalsprings

1. Solid length. When the compression spring is compressed until the coils come in contact
with each other, then the spring is said to be solid. The solid length of a spring is the product of total
number of coils and the diameter of the wire. Mathematically.

Solid length of the spring.
Ly = n'd
where n' = Total number of coils. and

d = Diameter of the wire.




