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Q1

It has been establizhed =ince long, that the surfaces
of the bodies are never perfectly smooth. When, even a very
smooth surface 1z viewed under a microscope, 1t 15 found to
have roughness and nregulantes, which may not be detected
by an ordinary touch. If a block of one substance 1s placed
aver the level smface of the same or of different matenal a
certain degree of interlocking of the oumately projecting par-
ticles takes place. This does not mmvolve any force, o long
as the block does not move or tends to move. But whenever
one block moves or tends to move tangenhally with respect
to the surface, on which 1t rests, the interlocking property of
the projecting particles opposes the moton. This opposing
force, whach acts in the opposite direchon of the movement
of the upper block, 15 called the force of fincrion or simply
fricron. It thus follows, that at every joint in a machine, force
of fnction anses due to the relative motion between two parts
and hence some energy 15 wasted m overcommg the fnchon.
Though the fnchon 15 considered undesirable, yet it plays an
important role both I nature and 1 enginesnng .5 walk-
mg on a road. moton of locomotive onrails, ransmiszion of
power by belts, gears etc. The fnchion between the wheels
and the road 15 essenhial for the car to mowve fmward.l

In general, the fnction 15 of the followme two types :
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1. Srarne fiicrmoen, It 1s the fnchon, expenenced by a body, when at rest
Z. Dymamic_frrcaon. It 1s the finction, expenenced by a body, when in motion. The dynamic
fmctiom 15 also called Minenc firorion and 1s less than the static fnction. It 1s of the following three
types :
{a) Shiding fitonom. It is the fnction, experienced bv a body, when it slides over another
bodh.

(b)) Raolling fiterion. It is the frnction, expernienced betwean the surfaces whach has balls or
rollers mmberposed between them.

(el Prvor fircoen. It 1s the fnchon, expenenced by a body, due to the meonsr of roremoeon as
m case of foot step bearimes.

The fnction may further be classafied as -

1. Froction between unhabrnicated surfaces, and
2. Friction betareen lubricated surfaces.

The=sa are discussed 1n the followme arficlas.

Friction Betweaeeaen Unlubricated Surfaces

The fnchon expenenced between two div and unhabrnicated surfaces 1o contact 15 known as
dry or selid firoren . It is due to the swface roughness The dry or solid fichon includes the shiding
frcthion and rolling fnchion as discussed abowve.

Friction Betweaen Lubricated Surtaces

VWhen lubrecant (i e. o1l or greasa) 15 apphed between two smrfaces m comtact, then the finchon
may e classafied mito the following two types depending upon the thickness of layver of a lubricant.

l. Boundary fricoaen (or greasy fricrrom or men-viscomns fricrromn). It 1s the friction,
experienced between the rubbing surfaces when the surfaces have a very thin layer of lubar-
cant. The thickness of this very thm layer 1= of the molecular dimension. In thas ftype of finchon, a
thin laver of lubncant forms a bond betwean the twro rabbing surfaces. The lubricant 1= absorbed om
the surfaces and forms=s a thim filtn. Thas thin file of the lubricant results in less fiichon betareen
them The boundary finchon follows the laws of solid fhiction.

2. Flued firermon (o fflm _romen or viscons_fitomen). It 1s the fichion, expernienced betereen
the rubbing surfaces, when the surfaces havwe a thick layver of the lubrhicamnt. In thas case, the actual
surfaces do not come m contact and thus do not Tub against each other It 15 thus obwvious that fad
finction 1s not due to the surfaces 1 contact buat it 1= due to the vwscosin amnd orlirmess of the lnbricand.

MNaote : The viscosify is a measure of the resistance offered to the sliding one layer of the lubricsnt owver am
adjacent layer. The absohute viscosity of a lubrcant may be defimed as the fiorce required to camse a plate of wmit
ares to slhide writh wnit velocity relatgwve o @ paralle]l plate, when the two plates are separated by a layer of
habricamt of umit thickness.

The silimess property of a lnbocant may be clearly mnderstood by considernng rwoe nbncanis of egoal
viscosibes and at egqual temperstores. When these nbricants are stneared on two different surfaces, it is fioumnd
that the force of fmcton with ome hobrcamt is different than that of the other. This difference is doe to the
property of the lubrmcant knowam as ciliness. The lubmicant which gives lower force of fichon is said to have
graater ciliness.

Limiting Fnction
Consider that a body A of weight W 15 lying on a rough honzontal body B as shown mn Fig.
In thiz posihon, the body 4 15 1 equlibrmm under the achon of its own weight ¥, and the
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I reactecn . (egual to FF) of B on A Pow i
A actm g throngh ifs cendre of srawity as shown o
facthonal force which prevents the motion. Thas=s =k
by the force of frchion F, acihnszs m the opposofe dr

[ =

If wee mow increase the applhied fiorce to
sqgumilibemary. Thi=s sweans that thee forcoe of Shnotom ]
e the effiort is moreasad the foroe of focton als
applred force. There 15 howewer, a limnnat bewvomnd wk
am Fage. 101 (& A fes thais | anor sncrease 1n the applic
force of foctiom, as showmn e Fig., 101 (o), dthaes £
applied force Theis maximmmrm valoe of foctiomnal
bezins to slhide owver the surface of the other body,
feemrrmrm g oo . It mmasw bhe moted thatwisen the appd
rermarns at rest, and the fictron Inbo plasy 1s callaed -
=ero and lhoaafin e fuciazoan
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Q.2

The belts or ropes are used fo fransmit power from
one shaft to another by means of pullevs which rotate at the
same spead or at different speeds. The amount of power trans-
mitted depends upon the following factors :

1. The velocity of the belt.

1. The tension under whach the belt 1= placed on the

pulleys.

1. The arc of contact between the belt and the smaller
pulley.

4. The conditons under which the belt 15 used.

It may be noted that

(2} The shafts should be properly m line to msure
untform tension across the belt sechon.

(5} The pulleys should not be too close together, 1
order that the arc of contact on the smaller pul-
ley may be as large as possible.

(¢) The pulleys should not be so far apart as to cause

the belt to weigh heavily on the shafts, thns in-
creasing the friction load on the beanngs.
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{d) A lonmgz belt femnd=s o swrme Hrom sids ¢
wrhiach mm tarn devalops crooked spaots 1
(el The aght sade of the belt shouold be at €
loose side wall merease the arc of conit

{0 Im order to obtain good results with flac
shounld not exceed 10 metres and the
daamrmeter of the larzer pomlles.

11.2. Selection of a Bt Drive

Followme are the varons mmportant factors
1 Speaed of the dryvimgs and drrven shafirs,
3. Powwar fo be ftramsesatbed
= FPositwe dirmve reguairerments,
- Space avanlable, med

11.3. Types of Bt Drives

The balt drives are msuallby classified into

1. Loglhr adrzves. These are n=ed o framnsoeat
in agmiculiaral machines and sooall mvachene tools.

2. Mfedivcen drives. These are used to tram=
up to 22 s as in machine fools.

3. Heawyry drives. These are nsed o framysyww

SOOI ITE S SAOTS amecd Eenerators.
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11 . 4. Types of Belts

By Wb
Fiz 11.1. Twg
Though there are mangy types of belts ased
the subject point of wewr
1. Fiar Helr The flat belt, as showsm in E
workshops_ where a myoderate amonnt of power 1s iy
the oo pullesy= are not mmore than B metres apart.
2. F-bheilr. The W-belt, as showmn imm Fig 1
shops, where a moderate amounnt of power 1= o bhe 1
twro pulleys are wery near to each otler
3. Circmdfar Bealr or rope. The circular healt
in the factomes and workshops_, where a great amon
o another, when the tero pulley=s are more dhan 8§ o

If a buge amount of power 15 to be trans
such a case, wide pulleys (for V-belts or circular b
in each groove 15 provided fo transmmt the requare



