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ENCINEERING MECHANICS
1. SIMPLE MACHINES 20 Marks

Specific Objeclives:

¥ Calculate velocity ratio for given machine.

v Find Efficiency of given machine,
Contents:
T 1 RN O coexvcunnnumnsnsmvonassshssssiosn oA SRS SN IHE (06 Marks)
Simple machine, compound machine , load , effort, mechanical advantage , velocity
ratio , input of a machine ,oulput of a machine efficiency of a machine , ideal
machine, ideal effort and ideal load, load lost in friction, effort lost in friction.
12 ATOIEIE covnniissiiiniisianiviessigisivideiirasionnsiis (04 Marks)
Law of machine, maximum mechanical advantage and maximum efficiency of a
machine, reversibility of @ machine, condition for reversibility of @ machine, self locking
machine. Simple numerical problems.
1.3 Velocity Ratio for Simple Machines; ............cocee (10 Marks)
Simple axle and wheel, differential axle and wheel, Weston's differential pulley block,
single purchase crab, double purchase crab, worm and worm wheel, geared pulley
block, screw jack, calculation of mechanical advantage, efficiency, identification of
fype such as reversible or not eic.

Man invented various types of machines for his easy work.

Sometimes, one person cannot do heavy work, but with the help of
machine, the same work can be easily done.

To change the tyre of a car, number of person will be required. Bul
with the help of a "Jack", the same work can be done by a single man.
Therefore, jack acts as a machine by which the load of a car can be
lifted by applying very small force as compared to the load of car.

Simple Machine or Lifting Machine:

A machine a device by which heavy load can be lifted by
applying less effort as compared to the load.

e.g. Heavy load of car can be lifted with the help of simple screw
jack by applying small force.



Compound Machine:

Compound machine is a device which may consists of number of
simple machines. A compound machine may alsc be defined as a
machine which has multiple mechanisms for the same purpose.

Compound machines do heavy work with less efforts and greater
speed.

e.g. In a crane, one mechanism (gears| are used to drive the rope
drum and other mechanism (pulleys) are used to lift the load. Thus, a
crane consists of two simple machines or mechanisms i.e. gears and
pulleys. Hence, it is a compound machine.

Effort:

It may be defined as, ihe force which is cpplied so as to
overcome the resistance or to lift the load.

It is denoted by 'P'.

Magnitude of effort (P) is small as compared to the load (W].

Load:

The weight to be lifted or the resistive force to be overcome with the
help of a machine is called as load (W).

Velocity Ratio (V.R.):

It is defined as the ration of distance traveled by the effort (P] to
the distance traveled by the load (W)

_ Distance travelled by effort

VR.=
Distance travelled by load

Velocity ratio will be always more than one and for a given
machine, it remains constant,

Mechanical Advantage:

It is defined as the ratio of load to be lifted to the effort applied.



A Load (W) W
" Effort(P) P

Input:

The amount of work done by the effort is called as input and is
equal to the product of effort and distance travelled by it.

Input =P x X, where, P — Effort and X - distance
travelled by the effort

Output:

The amount of work done by the load is called as output and is
equal to the product of load and distance travelled by it.

Qutput=WxY where, W — Load and Y - distance
travelled by the load

Efficiency:

The ratio of ocutput to input is called as efficiency of machine and
it is denoted by Greek letter eta (n)

Generally, efficiency is expressed in percentage

Output
Input

x 100

Ton=

It is always less than 100 because of friction, therefore output <
input.

But Output = W.Y and Input = P.X

%n=0u[putx100= WxY 100
Input PxX
W
%n=-L-x100 = =2 x100 (Since M.A=~ and VR. =)
X v P Y
Y



Therefore, efficiency of a machine is also defined as the ratio of
mechanical advantage (M.A.] to the velocity ratio (V.R.). It is also
expressed in percentage.

M.A.
V.R.

x100

o=

It is always less than 100 because of friction, therefore M.A. < V.R.
Actual Machine:

The machine whose efficiency is always less than 100 % due 1o
frictional resistance offered by the different moving component parts of
the machine is called as actual machine.

For such machines, n < 100 % and hence M.A. < V.R.
Ideal Machine:

The machine whose efficiency is 100 % and in which friction is
totally absent or zero, is called as ideal machine.

For ideal machines, n = 100 % and hence M.A. = V.R.
Ideal Effort (Pi):
The effort which is required to lift the load when there is no friction

is called as an ideal effort (Pi)

Ideal Effort Pi= —v_
V.R.

Where, Pi = Ideal Effort, W = Load to be lifted, V.R. = Velocity Ralio
Ideal Load (Wi):

The load which can be lifted by an effort (P], when there is no
friction, is called as an ideal load (Wi|

Ideal Load Wi=P x V.R.
Where, P = Effort applied, Wi = Ideal Load, V.R. = Velocity Ratio

Lever Arm;



A rigid bar which is provided in machines so as to apply the effort
(P) is called as lever arm or handle.

LAW OF MACHINE:

The equation which gives the relation between load lifted and
load cpplied in the form of a slope and intercept of a straight line is
called as Low of a machinei.e. P=mW + C

Where, P = effort applied, W = load lifted, m = slope of the line and
C =y - intercept of the straight line.

To draw the graph of Load (W) V/s Effort (P], effort is applied on a
machine and the comresponding values of the loads are noted down.
The graph of Load (W) V/s Effort (P) is drawn by taking load (W) on the x-
axis and the effort (P) on the y-axis as shown in the figure.

YI_YI
Xz_xl

m=tanf=

It has been observed that,
| the graph of load v/s effort is @
straight line cuts the Y-axis giving
the intercept 'C' which indicates
the effort lost on friction, when no
load is applied.

Effort
(P)

Is must be noted that, if the

C T machine is an ideal machine, the
siraight line of the graph will pass
through the origin.

o

Load (W)

Comparing to the equation of straight line ie.y=mX+C, we gel
P=mW+C
Where, P =Effort applied, W = Load applied, m = slope of the line
and C = Y-intercept of the line.



Note:

If we know the law of machine ie. values of ‘m' and 'C' are
known, then for a given load effort can be found out or for a given effort
corresponding value of the given load can be found out. The law of
machine also indicates the friction in the machine and maximum M.A.

Maximum Mechanical Advantage (Max. M.A.):

We know that,

MA. =V
P

But, P =mW+C

~MA.= w
mW+C
Dividing the numerator & Denominatar by 'W' we get

1

MA.=

m+_—
W
In the above equation if 'W' is more, the ratio % will be very small
~.Neglectingthe ratio —:’%, M.A. will be maximum

- Max. MAA.= 1+

m
Maximum Efficiency:

The ratio of maximum M.A. to the V.R. is called as maximum
efficiency.

It is also expressed in percentage as

% Mmumn=%‘x1m =1L x100 ( Since MaxM.A.= )

m VR m



Reversible Machine:

When a machine is capable of doing some work in the reverse
direction even on removal of effort, it is called as reversible machine.

Condition for Reversible Machine:

The efficiency of the machine should be more than 50%.

Ireversible Machine / Non-reversible Machine / Self Locking Machine:

When a machine is not capable of doing some work in the reverse
direction even on removal of effort, it is called as ireversible machine or
non-reversible machine or self locking machine.

Condition for Ireversible Machine:
The efficiency of the machine should be less than 50%.
Friction in Machines in terms of Effort and Load:

In any machine, there are number of parts which are in contact
with each other in their relative motion. Hence, there is always a
frictional resistance and due to which the machine is unable fo produce

100 % efficiency.
Let, P = Actual Effort, P; = Effort Lost in friction, Pi= Ideal Effort

- Effort Lost in friction (P) = Actual Effort (P) - Ideal Effort (Pi)

w ) W
.. P =P-P, =P - VR (Since P, =§.E)

Let, W = Actual load lifted, Wi = Load Lost in friction, Wi = Ideal
Load

- Load Lost in friction (W) = Ideal Load (Wi) - Actual load lifted
(W)

5 W,=W,- W=(PxVR)-W (Since W,=P x V.R)



GRAPHS:

1. Load v/s Effort:

The graph of load against Effort

effort is a straight line, cuts the y-axis (Fl

giving the intercept 'C' which

zero load.

represents the effort lost in friction at ‘]’ §
C

Y.-Y
m=tanf= ——

Load (W)

X,-X,

2. Load v/s Percentage Efficiency (%n):

The graph of load v/s % efficiency is
a curve as shown in the above figure. As
load increases, perceniage efficiency
also increases and therefore gives rise to @
smooth curve gradually increasing and
becomes more or less parallel o x-axis.

3. Load v/s Mechanical Advantage:

The graph of load v/s Mechanical
Advantage is a curve as shown in the
above figure. As load increases,
mechanical advantage also increases
and therefore gives rise to a smooth
gradually increasing curve.

Load (W)

ol

Mex. M

A=1/m

Load (W)




4. load v/s Ideal Effort (Pi):

The graph of load v/s ideal effort is a straight line passing through
origin as shown in the above figure.

Ideal
Effort a
(Fi) 2

x]r

Lead (W)

5. Load v/s Effort lost in friction (Py):

The graph of load against effort lost in friction is a straight line as
shown in the figure.

Eftort
lostin
friction
(P

Load (W)




STUDY OF SOME SIMPLE MACHNES:

We know that, velocity ratio of a machine is the ratio of distance
travelled by the effort to the distance fravelled by the load. It is
observed that, the distance travelled by the effort is greater than the
distfance moved by the load. Experimentally, it has been found ihat, the
velocity ratio remains constant for all loads. The velocity ratio changes
fromm machine to machine but remains constant for a given machine.

1. Simple Wheel and Axle:

In simple wheel and axle, effort wheel and axle are rigidly
connected to each other and mounted on a shaft. A string is wound
round the axle so as to lift the load (W) another string is wound round the
effort wheel in oppcsite direction so as to apply the effort (P] as shown in

the figure.

let, W =Lload liffed, P=Effort Applied D = Diameter of the

effort wheel d = diameter of the load axle.
Efinrt wheel When, the
\’//_—_ Tk | effort wheel
me _ completes
,_&é jiiiie s one revolution,
A Sl moves through
Ball beanngs a distance
T M- equal to the
Load circumference
{ of the effort
&P Effont wheel (D)

and simultaneously the load moves up through a distance equal to the
circumference of the load axle (nd)

Dislance travelled by the Effof nD D

—_—

" Dislance havelled by the load nd  d




2. Differential Axle and J-Ellml-.'.-hr-}ﬂl

Wheel: Bigger axla w"/ .
. Smallar axla f -
Differential axle and = Shaltl \1' T |
wheel is a further e ﬁ,_f e:.d, ———1.] 1
modification and o . : l

improvement over the
simple axle and wheel.

It consists of a load Snatch block

kz/..‘_/-l

(o

axle made up of bigger
axle of diameter di and

smaller axle of diameter

d2 rigidly connected 1o each other and an effort wheel of diameter ‘'D'.
Since, the load axle is made up of two axles of different diameters; it is
called as a differential axle. Differential axle and effort wheel are
mounted on the same shaft which is supporied on ball bearings as
shown in the figure.

A string is wound round the effort wheel so as to apply the
effort 'P'. Another siring is wound round the bigger axle further passing
over the pulley carrying the load ‘W' attached {o the snaich block. The
same string is further wound round the smaller axle in the opposite
direction to that of bigger axle. The winding of string on eftort wheel and
smaller axle is done in the same direction; the string unwinds from the
effort wheel & smadller axle and winds over the bigger axle
simulianeously, when the effort 'P' is applied.

When effort wheel complete one revolulion, the differential axle
also completes cne revolution.

Distance fravelled by the effort = 1D
Length of the siring wound over the bigger axle = mid,
Length of the string unwound over the smaller axle = nds;

Total winding over the bigger axle = id; - d; = i(d;— d2)



But, the load 'W' is lifted through half of the fotal winding because
snatch block with a movable pulley supports the load ‘W'

..Distance travelled by the load = %{kﬂul winding) =% n(d, -d;) = g (d, -d;)

We know that,

VR = Distance travelled by the effoit nD
"7 Distance travelled by the load ~ w
£ 7 (4 -ds)
2D
d, - d,

Where, D = Diameter of effori wheel, di = diameter of bigger axle,
dz = diameter of smaller axle.

If radius of effort wheel, bigger axle and smaller axle are given
then,

Z Lever arm

or Handle
P = Efforl

1 p = Filch of screw or
Y. (pitch of thread)

_~Base

2R

V.R. =
Ry -R;

Where, R = Diameter of effort wheel, Ry = diameter of bigger axle,
R2 = diameter of smaller axle.



3. A Simple Screw Jack:

A screw jack is commonly used for lifting and supporting the
heavy load. A very small effort can be applied at the end of the lever or
handle or ftommy bar for lifting the heavy loads. This effort is very small as
compared to the load to be lifted. As jack has a simple mechanism, it is
most commonly used in repair work of vehicles.

When the effort is applied to the handle or lever arm to complete
one revolution then load is lifted through one pitch of the screw (p).
therefore the distance moved by the load is equal to the pilch of the
screw and the distance moved by the effort is equal to 2nL

Let, L = length of the handle or lever arm and p = pitch of the thread or
screw, then

_ Distance travelled by the effodt _ 2m L

V.R. = =
Distance travelled by the load p

If ihe effort wheel is used at the place of handle or lever arm for
applying ihe effort, then

_ Distance travelled by the effoi _ mD

" Distance travelled by theload ~ p

V.R.

Where, D = diameter of the effort wheel and p = pitch of thread or
SCrew.

4. Weston's Differential Pulley Block: —

It consists of upper and lower Smaller pulley
block. Upper block is having bigger
pulley and smaller pulley of different
diameter mounted on same common
axle and that of lower block is having a
single pulley. The weight ‘W' is attached
to the lower block. Upper block is fixed

and lower block is movable.

Endless chain




An endless chain passes over the bigger and pulley and single
pulley in lower block as shown in the figure.

When there is one complete revolution of the bigger pulley,
distance moved by the effort is equal 1o the circumference of the
bigger pulley (D). When the bigger pulley completes one revolution,
the smaller pulley also completes one revolution because both pulleys
are fixed on the same axle. Therefore, for one complete revolution, the
length of the chain wound round the bigger pulley is equal to the
circumference of the bigger pulley (D) and at the same time, the
length of the chain unwound from the smaller pulley is equal fo the
circumference of the smaller pulley (rid].

-.Net winding = mD - nd

As the load (W) attached to the lower block, is equally distributed
between the two parts of the chain, distance moved by load is equal to
the half of the net winding.

~.Distance moved by theload =% (D —1id )

V.R. - Distance havelled by the effori g D
Distance travelled by the load %(“D —md)
~ VR = 2P
D-d

Where, D = diameter of bigger or upper pulley, d = diameter of
smaller or lower pulley

If radii of bigger and smaller pulley are given, then

2R

~V.R. =
R-r1

Where, R = radius of bigger or upper pulley, r = radius of smaller or
lower pulley

If number of teeth or cogs of the bigger and smaller pulley are
given, then



27,

- V.R =
T -T,

Where, T1 = number of teeth or cog on bigger or upper pulley, T2 =
number of teeth or cog on smaller or lower pulley

5. Worm and Worm

Wheel: Effort whesa! |
o

This machine s
made of toothed wheel

0

known as worm wheel

Load drum

and a square threaded
screw known as worm.
Worm and worm wheel is

geared with each other. Worm wheel T
The effort wheel s |
attached to the worm. A ﬂw-

load drum is cenirally
fixed to the worm wheel as shown in the figure. The effort can be either
by wheel or handle. The worm may be single threaded or mulii-
threaded.

Let, w = load lifted, T = number of teeth on the worm wheel,
P = effort applied. r = radius of load drum, R = radius of effort
wheel.

Consider the worm is single threaded.

For one complete revolution of effort wheel, distance moved by
the effort P =2 m R and load drum performs (1/T) revolution.

- Distance moved by the load = 21"

We know that,



_ Distance fravelled by the effot _ 2 mwR _RT
"~ Distance travelled by the load ~ 2mr
T

V.R.

~V.R.= =1
r

If handle is used in place of effort wheel,

~V.R = "_T Where, L = length of the handle

In general, if worm is 'n' threaded,

_RT_U
nr nr

-~ V.R. Where, n = number of thread on worm

If the worm is double threaded,

_RT_LT

= — since,n=2
2r 2r

~ V.R

é. Single Gear Crab or Single Purchase Winch Crab:

Effort wheel 'Y —=
Handle

g Pinion

L = Lenath of
handle

7777777777777 7777777 7777777777777

This machine consists of mainly the larger gear wheel known as
Spur or main gear and smaller gear known as pinion. Spur or main gear is
mounted rigidly on the load drum or load axle and the spur is geared to
the pinion which is further mounted rigidly on the shafi to which the
effort wheel or handle is attached.



A rope or string is wound round the load drum so as to lift the load
‘W' and an another string is wound round the wheel so as to apply the
effort 'P' as shown in the figure.

Let, W = Load lifted, P = Effort applied, D = diameter of effort

wheel, Ty = number of teeth on spur or main gear, T2 =
number of teeth on pinion d = diameter of load drum or load
axle.

For one complete revolution of effort wheel, distance moved by
the effort = D and the pinion also compleies one revolution, that time

spur performs ;_2 revolutions and as load drum and spur being rigidly
1

connected, the load drum also performs :—2 revolutions.
1

-.Distance moved by the load = TT_’ x circumference of load drum
1

=Ty g
1
We know that,
V.. = Distance havelled by the effot _  wD
"7 Distance fravelled by the load T,
—=xmd
T
2VR=DxD
d T,

If handle of length ‘L' is used in place of effori wheel,

~V.R. = %x%— where, L =lengih of the handle.

1

7. Double Gear Crab or Double Purchase Winch Crab:

This machine consists of two larger gear wheels A and C called as
spurs or main gears and smaller gear wheels B and D called as pinions as



shown in the figure. A load drum or load axle is rigidly connected to the
spur A, which is further geared with pinion B. Pinion B and spur C are
rigidly mounted on same shaft called as intermediate shaft or axle and
spur C is furlher geared with pinion D mounted on the shaft. So called as
effort axle to which the effort wheel is attached.

Let, W=Lload lifted, P = Effort applied, D = diameler of effort wheel,
d = diameter of load drum or load axle.

Ty = number of teeth on spur A, T2 = number of teeth on
pinion B mounted on intermediate shaft, Tz = number of teeth
on spur C mounted on intermediate shaft,

T. = number of teeth on pinion D mounted on effort axle

Effort wheel

T Handle

Effort axla =] T,

Fiipn 8 é T l L = Length of
Intermediate T —_ | Ay b
ti shatt or axle 1 2 =
— \@’Eﬂ'nﬂ
T, E
"“-Spur A
)
Load /W\

e LG

For one complete revolution of effort wheel,
Distance moved by effort = D

The pinion D on the effort axle also makes one revolution and
therefore spur C and pinion B on the intermediate shafi performs

T revolution.
T3



That time, spur A and load drum performs same revolutions as

:—‘xr— because both are rigidly connected to each other.
3 1

- Distance moved by the load= %ixlrl revolutions x
3 1
circumference of load drum = I—‘x%‘- xnd
3 1
We know ihat,
V.R. = Distance travelled by the effot wD
""" Distance travelled by theload T, T,
—x—xmd
LERR 0
=~ V.R. = EXT—le—a
T,
If handle of length 'L’ is used in place of effort wheel,
. 2L L T kK
L VR == where, L =length of the handle.
d T, 1,

8. Geared Pulley Block:

It consists of effort wheel or cog wheel A and a small gear wheel

called as pinion B mounted on
T

the same shaft. It also consists T p— 3
of a load wheel C and a spur (_\

wheel D, mounted on the same Lot uhhaeiG*{—s- Z ,\5 ism

Eflort wheel A
Pinion wheel E

shafi. The spur wheel D is g(
geared with the pinion wheel B.

An endless chain passes
over effort wheel from which
effort 'P' is applied. The load
‘W' is altached to a chain
which passes over the load
wheel C as shown in the figure. } S

An endless
chain P

Effort

Let,

T = number of cogs on the effort wheel A,



T2 = number of teeth on pinion wheel B,

Tz = number cf teeth on spur wheel or main gear D,

T4 = number of cogs on the load wheel C

For one complete revolution of effort wheel A (cg wheel], we get
Distance moved by effort =T,
Pinion wheel B also completes one revolution and this causes the

spur wheel D o rotate through :irevoluiions.
3

- Distance moved by the load = I—zx Ta
3

We know that,

VR < Distance hiavelled by the effor T,
" Distance travelled by the load Lo
s
VR = T—IXT—3
1w,

If the diameters of effort wheel A and load wheel C are given, then

b

~V.R.=
d 1,

Where, D = diameter of effort wheel A, d = diameter of
load wheel C

Tz = number of teeth on spur wheel B,

T4 = number of teeth on pinion wheel D



