Index/ Instructor’s evaluation of experiment reports

S. | Name of experiment Date of Experiment | Teacher’s
No. performance | marks Signature
1. To study the different types of centrifugal

and inertia governors and demonstrate aryy

one.

2 To study the different types of brakes.

3 To find experimentally the Gyroscopjc
couple on Motorized Gyroscope apd
compare with applied couple.

4 To find out critical speed experimentally
and to compare the Whirling Speed of a
shaft with theoretical values.

5 To determine experimentally, the Moment
of Inertia of a Flywheel and Axle compare
with the theoretical values.

6 To calculate the torque on a Planet Carrier
and torque on internal gear using epicyglic
gear train and holding torque apparatus.

7 To perform the experiment of Balancing |of
rotating parts and find the unbalanged
couple and forces.

8 To find out experimentally the coriolli's and
component of acceleration and comppre
with theoretical values.

9 To study various types of gear- Helicpl,
cross helical, worm, bevel gear

10 [To study the wvarious types of

dynamometers.




Experiment No.-1
Aim: To study the different types of centrifugal ard inertia governors and

demonstrate any one.
REQUIREMENT: Universal Governor Apparatus & Tachometer.
THEORY:
INTRODUCTION:
The function of a governor is to regulate the mepred of an engine, when there are
variations in loads e.g. when load on an engineea®e or decrease, obviously its speed will,
respectively decrease or increase to the extemawhtion of load. This variation of speed
has to be controlled by the governor, within sntialits of mean speed. This necessitates
that when the load increase and consequently tbedsgecreases, the supply of fuel to the
engine has to be increased accordingly to compeffsathe loss of the speed, so as to bring
back the speed to the mean speed. Conversely, thbdonad decreases and speed increases,
the supply of fuel has to be reduced.
The function of the governor is to maintain the esp@®f an engine within specific limit
whenever there is a variation of load. The govesimuld have its mechanism working in
such a way, that the supply of fuel is automatjcakgulated according to the load
requirement for maintaining approximately a constapeed. This is achieved by the
principle of centrifugal force. The centrifugalt governors are based on the balancing of
centrifugal force on the rotating balls by an eqamal opposite radial force, known as the
controlling force.
Governors are broadly classified as:
a) Centrifugal Governors.
b) Inertia Governors.
The centrifugal governors are based on the balgraficentrifugal force on the rotating balls
by an equal and opposite radial force, known asroling force.
In Inertia governors the position of the balls aftected by the forces set by an angular
acceleration or deceleration of the given spindladdition to centrifugal forces on the balls.
DESCRIPTION:
The apparatus is designed to exhibit the charatitesiof the spring-loaded governor and
centrifugal governor. The experiments shall befguared on following centrifugal type
governors:

1. Watt governor

2. Porter governor

3. Proell governor

4. Hartnell governor

WATT GOVERNOR

It is the simplest form of a centrifugal governathich is known as Watt Governor. It is

the original form of the governor used by Watt @nly steam engines. It consists of
two balls which are attached to the spindle withhielps of links or arms.
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Figure: Watt Governor
The drive unit consists of a DC motor connectethéoshaft through V belt. Motor and shaft
are mounted on a rigid MS base frame in verticalitpon. The spindle is supported in ball
bearing.
PORTER GOVERNOR
In case of porter governor, a central heavy loaatteched to the sleeve. The central load
and sleeve moves up & down the spindle.
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Figure: Porter Governor
The optional governor mechanism can be mountedpamdie. The speed control unit
controls the precise speed and speed of the skafheasured with the help of hand
tachometer. A counter sunk has been provided attdpbmost bolt of the spindle. A
graduated scale is fixed to measure the sleeve lift
PROELL GOVERNOR
Proell governor is similar to the porter governaving a heavy central load at sleeve. But it
differs from porter governor in the arrangementhaills. The balls are carried on the
extension of the lower arms instead of at the jonodf upper and lower arms.
The center sleeve of the Porter and Proell goverimaorporates a weight sleeve to which
weights can be added. The Hartnell governor ctsefsa frame, spring and bell crank lever.
The spring tension can be increased or decreasstddy the governor.
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Figure: Proell governor

HARTNELL GOVERNOR

Hartnell governor is spring controlled governor.artaell crank levers, each carrying a ball at
on one end and a roller on the other end. Therrbllento a groove in the sleeve. The frame
is attached to the governor spindle and hencee®iaith it. A helical spring in compression
provides equal downward forces on the two rollersugh a collar on the sleeve.
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Figure: Hartnell Governor

PROCEDURE:

Starting Procedure:

Assemble the governor to be tested.

Complete the electrical connections.

Switch ON the main power.

Note down the initial reading of pointer on theleca

Switch On the rotary switch.

Slowly increase the speed of governor until thestds lifted from its initial position
by rotating Variac.

ok wnNE



7. Let the governor be stabilized.
8. Increase the speed of governor in steps to getlitfe¥ent positions of sleeve lift at
different RPM.
9. Increase the speed of governor in steps to getlitfe¥ent positions of sleeve lift at
different RPM.
Closing Procedure:
1. Decrease the speed of governor gradually by brintie Variac to zero position and
then switch off the motor.
Switch OFF all switches.
Disconnect all the connections.
Draw the graph for governor as stated further imuad
. Repeat the experiment for different type of governo
WATT GOVERNOR
It is assumed that mass of the arms; links & slemeenegligible in comparison with the
mass of the balls and are neglected in the analysis
In Figure 1, taking moments about point A

GEREN

FexH = mg x R
i.e., MR x H= mg X R
Therefore, H = g
w2

Also = 2N radians/sec

60
Therefore, H = e

(2nN)°
60
= 9129
N
N = V91.2 g
H
FORMULAE:
1. Initial reading of pointer on scale, X’ = mm
2. Height gained by sleeve, X = (X" =X) mm
3. Height, h = $h = () mm
2
4. a = cod(_h)
L

5. Governor height, H = {(@)+htmm



tanm

6. Governor speed (theo.), Ntho = +V(91.2 x g x 1000RPM

H
7. Radius of rotation, R = da+(Lsim)tmm
8. Centrifugal force (actual) off = wx Rxw’ kg

gx 1000
9. Angular Velocity w = 2x 11x N radians/sec
60
10. Centrifugal force (theo).f = wx Rkg
H
OBSERVATIONS & CALCULATIONS:
1. Length of each link (L) = 105 mm
2. Initial height, (h") = 100 mm
3. Weight of each ball (w) = 0.75+0.75 = 1.5 kg
= 0.37 + 0.37 = 0.74 kg

4, Acceleration due to gravity (g) = 9.81 fn/s
5. Weight of Aluminium sleeve = 1Kg
6. Distance of pivot to center of spindle (a) = réo
7. Reading of pointer on scale at N rpm = X''mm
OBSERVATION TABLE:
Initial reading of pointer on scale, X’ = mm
Selected ball weight, w = kg
S. No. Sleeve displacement, X” mm Speeg; RPM
1

Plot the graph for following curves: -

1.
2.

Sleeve (X) vs. No
Sleeve (X) vs M.




PORTER GOVERNOR:

Porter Governor differs from Watt's Governor onfyextra sleeve weight, else is similar to
Watt Governor.

FORMULAE:
1. Initial reading of pointer on scale, X’ = mm
2. Height gained by sleeve, X = (X" 3 Him
3. Height, h = $h = () mm

2
4. a = cod (h)

L
5. Governor height, H = {(@)+h mm
_tamx

6. Radius of rotation, R = da+ (L sim)f mm
7. Centrifugal force (actual) ot = wx Rxw’ kg

g 1000
8. Angular Velocityw = 2x 11x N/60 radians/sec
9. Governor speed (theo.), Ntho vHw + Wx 91.2 g x 1000)RPM

w H

10. Centrifugal force (theo).f [w+ W (1+K)] tarx kg

2
Where, k = _ i@n
tam
tar = I
h

Length of arms is equal to the length of links #mel points E and C lies on the same vertical
line.

Then taf = taro
Or k = 1
Therefore, Kt = [(w+ W) x tan] kg



OBSERVATION & CALCULATION:

1. Length of each link (L) = 10%5m
2. Initial height, (h") = 100 mm
3. Radius of rotation ® = mm
4, Weight of each ball (w) = 0.7%0 = 1.4 kg
= 0.37 + 0.37 = 0.74 kg
5. Acceleration due to gravity (g) = 9.81m/8
6. Distance of pivot to center of spindle (a) = 50 mm
7. Weight of Cast Iron sleeve (W = 2.06 kg
8. Dead weight applied on sleeve W = 0.950 /0.7 kg (one each)
9. Total dead weight on sleeve (W) = (W +W,)
10. Reading of pointer on scale at N rpm = X’ mm
OBSERVATION TABLE:
Initial reading of pointer on scale, X" = mm
Weight applied on sleeve, @V = kg
Selected ball weight, w = kg
S. No. Sleeve displacement, X” mm Speegd; RPM
1
Plot the graph for following curves: -
1. Sleeve (X) vs.{N
2. Sleeve (X) vs N
PROELL GOVERNOR:
FORMULAE:
1. Initial reading of pointer on scale, X’ = mm




2. Height gained by sleeve, X

3. Height, h

4. a

5. Governor height, H

6. Y

7. Radius of rotation, R

8. Centrifugal force (actual) ok
9. Angular Velocityw

10. DG

11. BD

12. Centrifugal Force (theo)d

13. Governor speed (theo.), Ntho

(X" =X) mm

th= ()t mm

cos (h)

{(@)+ ht mm
tan
[(a-a)+ Y]
{a + (GC siiY)} mm
wx Rx o’ kg
gx 1000
2x 1ix N radians/sec
60
(GC ca® mm

=hmm

{h — (X/2)¢

={ (W+2w)*BD *tana {-{w*tan Y | kg

GC cWs

VEW + w)* F,*g*1000f RPM

w*R

Length of arms is equal to the length of links #émel points E and C lies on the same vertical

line.

Then taf
OBSERVATION & CALCULATION:
1. Length of each link (L)

2. Initial height, (h")

3. Initial anglea

4, Initial angle}Y”

5. Initial Radius of rotation ®

6. Weight of each ball (w)

= tam

105 mm
100 mm
17.753°

23.611°

mm

0.7+0.7 = 1.4 kg



= 0.37 + 0.37 = 0.74 kg
7. Acceleration due to gravity (g) = 9.81 f/s
8. Distance of pivot to center of spindle (a) = ré
9. Displacement between points G & C of lower link
10. Weight of Cast Iron sleeve (W = 2.06 kg

11. Dead weight applied on sleeve W 0.950 /0.7 kg (one each)

12. Total dead weight on sleeve (W) = 1(WW5)
Reading of pointer on scale at N rpm = X" mm

OBSERVATION TABLE:
Initial reading of pointer on scale, X’ = mm
Weight applied on sleeve, GV = kg
Selected ball weight, w = kg
S. No. Sleeve displacement, X” mm Speegd; RPM
1
2
3
4
Plot the graph for following curves: -

1. Sleeve (X) vs. o

2. Sleeve (X) vs. N
HARTNELL GOVERNOR :
FORMULAE:
1. Initial reading of pointer on scale, X” = mm
2. Height gained by sleeve, X = X" =Xy mm
3. Radius of rotation, R =  {R +Xxa)t mm

b
4. Centrifugal force (actual) off = wx Rxw kg
gx 1000
5. Angular Velocityw = 2x 11x N radians/sec
60

10




6. Force exerted by spring, S = {F x alb] -W kg

7. Stiffness of spring, s = 2 * (afb)F -F.)

R-R’

If () = 0

Then F = 0

Hence, s = 2*2 * (a/B(F ) kg/mm
R-R’

Length of arms is equal to the length of links #mel points E and C lies on the same vertical
line.
Then taf = tam

OBSERVATION & CALCULATION:

1. Length of arm (a) = 75 mm

2. Length of arm (b) = 120 mm

3. Initial Radius of rutation R’ = 182.6 mm

4, Weight of each ball (w) = 0.7+0.7 = 1.4 kg
= 0.37 + 0.37 = 0.74 kg

5. Acceleration due to gravity (g) = 9.81 f/s

6. Weight of Cast Iron sleeve (\V = 2.06 kg

7. Dead weight applied on sleeve W = 0.347 gm

8. Total dead weight on sleeve (W) = (WW,)

9. Initial reading of pointer on scale, X” = mm

10. Reading of pointer on scale at Nrpm = X" mm

OBSERVATION TABLE:

Data:

Initial reading of pointer on scale, X = mm

Selected ball weight, w = kg

S. No. Sleeve displacement, X” mm Speeg; RPM

Plot the graph for following curve: -
11



1. Sleeve (X) vs. Akt

PRECAUSTIONS:

No voltage fluctuation is desirable, as it may hanmesults.

Always increase the speed gradually.

Take the sleeve displacement reading when steatlyistachieved.

At higher speed the load on sleeve does not hitugheer sleeve of the
governor.

Always switch off the motor after bringing the \aito zero position.

. Keep the apparatus free from dust.

7. Before performing any experiment clean the sleawopqrly and lubricate it
properly.

PowbdPE

oo

RESULT:

Studied the different types of centrifugal and ifi@egovernors & graph is plotted between
r.p.m & Displacement.

Viva-Voce:
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Experiment No.-2

Aim: To study the different types of brakes.
Requirement: Block or shoe brake, Band brake, Band and Blockdyrinternal expanding
shoe brake models.
Thoery: A brake is an appliance used to apply frictionaig&nce to a moving body to stop
or retard it by absorbing its kinetic energy.
Types of brakes:
The following are the main types of mechanical beak
(1) Block or shoe brake
(i) Band brake
(i)  Band and block brake
(iv)  Internal expanding shoe brake
BLOCK OR SHOE BRAKE:
A block or shoe brake consists of a block or shdwckvis pressed against a rotating
drum. The force on the drum is increased by uaitgyer. If only one block is used for
the purpose, a side thrust on the bearing of th# skipporting the drum will act. This
can be prevented by using two blocks on the twessaf the drum. This also doubles the
braking torque.
A material softer than that of the drum or the dfithe wheel is used to make the blocks
so that these can be replaced easily on wearingodvénd rubber are used for light and
slow vehicles and cast steel for heavy and fass.one

Let,

r = radius of the drum

poo= coefficient of friction

F = radial force applied on the drum
R, = normal reaction on the block (9 F
F = Force applied at the lever end

F = frictional force = MR

Assuming that the normal reactiop &d the frictional forceact at the mid-point of the block.

13
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Figure: Different types of brakes
Breaking torque on the drum = frictional force x radius
Or Ts = R xr

To obtain R, consider the equilibrium of the block as follo

The direction of the frictional force on the drusnt@ be opposite to that of its roon while
on the block it is in the same direction. Takingmamts about the pivot

Fxa-Rxb+ puRxc = 0

Fa
Ry =

b-uc
Also

_n
I
0
B
o
E
o

When b = g,

F=0,
Which implies that the force needed to apply thakeris virtually zero, or that on
contact is made between the block and the ¢ the brake is applied itself. Such a br:
is known as a selbcking brake
As the moment of the force, about O is in the same direction as that of theiegbporce
F, | aids in applying the brake. Such a brake is knag/sel-energized brak
If the rotation of the drum is reversed, i.e. imade clockwis:

14



F = R, [(b +p)c]which shows that required force F will be far gezdhan what it
a would be when the drum tedacounter-clockwise.

If the pivot lies on the line of action of Fe. O’, ¢ =0 and
F = R, awhich is valid for clockwise as well as for courtéockwise rotation.
b
If ¢ is made negative, i.e. if the pivot of O”

F = R{ b +pc }
Ta for counter-clockwise rotation
and
F =

R { b - pc }
a

In case the pivot is provided on the same sideefbpplied force and the block as shown in fig. 9.1

the equilibrium condition can be considered accuyigi

for clockwise rotation.

In the above treatment, it is assumed that the alor@action and the frictional force act at the-mid
point of the block. However, this is true only Bmall angles of contact. When the angle of cantac
is more than 40°, the normal pressure is lesseatitds than at the center. In that case, g giyen b

'8 = U 4 sin)
2
0 + sin0
BAND BRAKE:

It consists of a rope, belt or flexible steel b@imed with friction material), which is pressedsagst
the external surface of a cylindrical drum whenliheke is applied. The force is applied at the fre
end of a lever.

Brake torque on the drum = (F T,)r
Where r is the effective radius of the drum.

The ratio of the tight and the slack side tensisrgiven by /T, = € on the assumption that the
band is on the point of slipping on the drum.

that the band is on the point of slipping on thenalr

15



(b)

ic)

Figure: Band brake

The effectiveness of the force F depends

- the direction of rotation of the drt
- the ratio of lengths a anc
- the direction of the applied force
To apply the brake to the rotating drum, the baaslithbe tightened on the drum. This is possib

® F is applied in the downward direction when a

(i) F is applied in the upward direction when a
If the force applied is not as above, the bandrthér loosened on the drum, which means no bre

effect is possible.

(@) Rotation counteciockwise
For counterelockwise rotation of the drum, the tight and tleek sides of the band will be as sha
in fig.

Considering the forces acting on the lever anchtakloments about the piv
FI -Tia + Tb = 0
Or F = T.a + Tb

I

As T; > T,and a > b under all conditions, the effectivendsh@ brake will depend upon the foi
F.

Rotation clockwise:
In this case, the right and the slack sides arersed, i.e. , becomes greateran T;.

Then

16



T.:< T,and a >b.

The brake will be effective as long agTs greater than,b.

Or T2b <Tia
Or I,<a
T. b

i.e. as long as the ratio oI T, is less than the ratio a/b.

When_T,> a, F is zero or negative i.e. the brake becomedaeting as no

T, b force is needed to apply the brake. Oneédthke has been engaged, no

further force is required to stop the rotationtad tirum.

(iif)
(iv)

a = b, the band cannot be tightened and thus #ielmannot be applied.

The band brake just discussed is known as diffeddveind brake. However, if either a
or b is made zero, a simple band brake is obtailfdal= 0, and F downwards

FI -T,a = 0

Or F =T a

Similarly, the force can be found for the otheresas

Note that such a brake can neither have self-ezieggproperties nor it can be self-locked.

(v)

The brake is said to be more effective when maxirbuaking force is applied with the
least effort F.

For case (i), when a > b and F is downwards, theef@effort) F required is less when the rotat®n i
clockwise (assuming that [{T;) < (a/b)].

For case (ii), when a < b and F is upwards, F redus less when the rotation is counter clockwise
(assuming that [(FT,) < (a/b)].

Thus, for the given arrangement of the differertiralke, it is more effective when,

(a) a > b, F downwards, rotation clockwise.

(b) a< b, F upwards, rotation counter-clockwise.

(vi)

(vii)

The advantage of self-locking is taken in hoists eonveyers where motion is
permissible in only one direction. If motion ged¢sersed somehow, the self-locking is
engaged which can be released only by reversingppked force.

It is seen in (v) that a differential band brakenigre effective only in one direction of
rotation of the drum. However, a two-way band kra&n also be designed which is
equally effective for both the directions of rotetiof the drum. In such a brake, the two
lever arms are made equal.

17



For both directions of rotation of the dru

Fl - Tia - T,a 0

F (T:+ Ty a

BAND AND BLOCK BRAKE:

A band and block brake consists of a number of waduzlocks secured inside a flexible steel be
When the brake is applied, the blocks are presgeithst the drum. Two sides of the band bec
tight and slack as usual. Wooden blocks have lzehigoefficient of friction, thus increasing t
effectiveness of the brake. Also, such blockshmeasily replaced on being worn

.'.. .. -
wap
QX KA

\"
Wooden blacks

Figure: Band and block brake

Each block subtends a small angbea® the center of the drum. The frictional foreetloe blocks act
in the direction of rotation of drum. For n bloais the brake

Let
To = Tension on the slack sit
T, = Tension on the tight side after one bl
T, = Tension on the tight side after two bl
T, = Tension on the tight side after n blo
poo= Coefficient of frictior
R, = Normal reaction on the blo

The forces on one block of the brake are showigi

For equilibrium,

18



(T1 - T()) cod

(T1+To) sird
(M=Tg) 1
(T1+To)  tard
(T1=Tg)

(T +To)

(Ty=To) + (Ty +Tg)
(T1—To) - (T1+To)
2T,

2Ty

T

To

Similarly,

T

Ta Theo

[1+Htaﬁ ]

1- ptah

INTERNAL EXPANDING SHOES BRAKE:

19

and so on.

T, T

T To

Earlier, automobiles used band brakes which wepesad to dirt and water. Their heat dissipation
capacity was also poor. These days, band brakeslsen replaced by internally expanding shoe

brakes having at least one self-energizing shoaheel. This results in tremendous friction, giyin

great braking power without excessive use of ppoedsure.



Leading Trailing
{Primary) shoe {Secondary} shoe

Figure: Internal expending shoe braki

Figure shows an internal shoe automobile L. It consists of two sentircular shoes which a
lined with a friction material such as ferodo. HBimes press against the inner flange of the
when the brakes are applied. Under normal runofrige vehicle, the drum rotates freely as then
diameter of the shoes is a little less than thermal diameter of the dru

The actuating force F is usually applied by twoa-diameter pistons in a comm:
hydraulic cylinder and is applied equally in magd# to each shoe. For the shown dire:

of the drum rotation, the left shoe is known asl#aeling or forward shoe and the right as
trailing or rear shoe.

Assuming that each shoe is rigid as compared tdritte®n surface, the pressure p at any point #
the contact surface will be prortional to its distance | form the pivc

Considering the leading shoe

pal = ki, where k is a constant.

The direction of p is perpendicular to (

The normal pressure, p = kil cos(90° B) = kil sin
= kiC sin®

= (oL = Isinp = ¢ sinb)

k,sin0 , where kis constant

pn IS maximum whef = 90°

Let p, = Maximum intensity of normal pressure on the leadihge
P, max = P, = k, Sin90° = k

or g = P, sino

20



Let ® width of brake lining

Coefficient of friction

0

Consider a small element of brake lining on tlalieg shoe that makes an angfleat the
center.

Normal reaction on the differential surface,
= = Area x Pressure

(r360 ©)pn

ré0 o P, sinod

Taking moments about the fulcrum,O
Fa-Y Rcsind+Y uR,(r—ccod) = 0

Where} Rc sin® = frco P, 1 (1-cosd)d 6

2
frcoP,1 @ —sin20
2 2

rco P2 @ —2@—sin2 @+ sin 2 4)

and
Y u R, (r—ccos) = JuP o P,sinddo - Juras P,sin® cos6 d o

= pfPo Py(-cosb) -  Jurow P, sincosd do

2
= uf o Py(cos @- cos @) - pras P, 1 (- cos B)
2
= pre P, [4r (cos G- cos F) — ¢ (cos 2@ cos 20)]
——

Taking moments about the fulcrum for the trailing shoe,
Fa -y uR%, (r — ¢ sim) - ¥ uR', (r — ¢ cos) = 0
Where, Y uRcsih = rcoPL[(2@, -2 @ —sin2 @+ sin 2 &)]
Thus B,and #’n, the maximum intensities on the leading and thiéirig shoes, can be determined.
Braking torque,
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Ts

Y uRYr + 3 pRYr

JuP © P,sin6do + Jurf o Csind d o

HPo (P,+ P, (-cos @)

P o (P,+ P,) (cos @ cos @)

Note that for the same applied force F on each,d#ois not equal to Pand B,> P,. Usually, more
than 50% of the total braking torque is suppliedh®yleading shoe.Also note that the leading shoe i
self-energizing whereas the trailing shoe is ndhis is because the friction forces acting on the
leading shoe help the direction of drum rotatidr tight shoe will become self-energizing, whereas
the left will so any longer.

If the third term exceeds the second term on th&.LH will be negative and the brake becomes self-
locking. A brake should be self-energizing but self-locking. The amount of self-energizing is
measured by the ratio of the friction moment arel tlormal reaction moment, i.e. the ratio of the
third term to the second term. When this ratiegeal to or more than unity, the brake is self-ilngk
When the ratio is less than unity (more than ze¢h®) brake is self-energizing.

RESULT: Studied the following types of mechanical brakes:

1. Block or shoe brake

2. Band brake

3. Band and block brake

4. Internal expanding shoe brake
Viva-Voce:
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Experiment No.-3
Aim: To find experimentally the Gyroscopic couple ontbt@zed Gyroscope and compare
with applied couple.
REQUIREMENT:
Motorised Gyroscope Apparatus, weights, tachometer.
THOERY
AXISOF SPIN:
If a body is revolving about an axis, the lattekm®wn as axis of spin (refer fig. where OX is
the axis of spin).
PRECESSION
Precession means the rotation about the third @Xigrefer fig. 1) that is perpendicular to
both the axis of spin OX and that of couple OY.
AXIS OF PRECESSION:
The third axis OZ is perpendicular to both the aisspin OX and that of couple QY is
known as axis of precession.
GYROSCOPIC EFFECT:
To a body revolving (or spinning) about an axis €e§; (refer fig. 1) if a couple represented
by a vector OY perpendicular to OX is applied, thie@ body tries to process about an axis
OZ which is perpendicular both to OX and OY. Thihg couple is mutually perpendicular.
The above combined effect is known as precessmm@alyroscopic effect.
GYROSCOPE:
It is a body while spinning about an axis is freedtate in other direction under the action of
external forces.
GYROSCOPIC COUPLE OF A PLANE DISC:
Let a disc of weight of ‘W’ having a moment of itiarl be spinning at an angular velocity
about axis OX in anticlockwise direction viewingiin front (refer fig. 2). Therefore, the
angular momentum of disc iswl Applying right-hand screw rule the sense of vecto
representing the angular momentum of disc whichls® a vector quantity will be in the
direction OX.
A couple whose axis is OY perpendicular to OX asdni the plane Z, is now applied to
prices the axis OX.
Let axis OX turn through a small angular displacetrfeom OX to OX’ in timedt. The
couple applied produces a change in the directfaangular velocity, the magnitude & the
magnitude remaining constant. This change is dileg velocity of precession.
Therefore, ‘OX’ represented the angular momentuter diimeot.
Change of angular momentum = OX’ — OX = XX’

Angular Displacement or rate of change of angulamentum = XX’
ot
= OX x30

ot
As, XX’ = OXxX8o
In direction if XX’
Now as rate of change of angular momentum = Couple Applied
C = T
We get T = 0OX 8

ot
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However, OX = W

Where,

| = Moment of inertia of disc

W = Angular Velocity of disc
T = L.wx o0
ot
And in the limitdt when is very small
T = l.wx 00
— g

We have @/dt =wp
= Angular velocity of precession of yoke

about vertical axis. Thuswe get T = dox wp

The direction of couple applied on the body is klese when looking in the direction XX’
and in the limit this is perpendicular to the axiso and of wp.

The reaction couple exerted by the body on its &anequal in magnitude to that of C, but
opposite in direction.

DESCRIPTION

The set up consists of heavy disc mounted on adwtal shaft, rotated by a variable speed
motor. The rotor shaft is coupled to a motor medrin a trunion frame having bearing in a
yoke frame, which is free to rotate about vertigails. A weight pan on other side of disc
balances the weight of motor. Rotor disc can beemabout three axis. Weight can be
applied at a particular distance from the centerotdr to calculate the applied torque. The
Gyroscopic couple can be determined with the hélm@ment of inertia, angular speed of
disc and angular speed of precession.

RULE NO. 1

“The spinning body exerts a torque or couple imsaiclirection which tends to make the axis
of spin coincides with that of precession”.

To study the rule of gyroscopic behavior, followimgcedure may be adopted:

Balance the initial horizontal position of the notdStart the motor by increasing the voltage
with the autotransformer, and wait until it attagmstant speed.

Presses the yoke frame about vertical axis by qiyiayy necessary force by hand to the
same (in the clockwise sense seen from above).

It will be observed that the rotor frame swings @tttbe horizontal AXIS Y Y. Motor side is
seen coming upward and the weight pan side goimgdard.

Rotate the vertical yoke axis in the anticlockwisection seen from above and observe that
the rotor frame swing in opposite sense (as condp@rehat in previous case following the
above rule).

RULE NO. 2

“The spinning body precesses in such a way as terie axis of spin coincide with that of
the couple applied, through 9furn axis”.
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Balance the rotor position on the horizontal franstart the motor by increasing the voltage
with the autotransformer and wait until the didaiats constant speed.

Put weights in the weight pan, and start the stoghwip note the time in seconds required for
precession, through 9@r 180 etc.

The vertical yoke precesses about OZ axis as pauth No. 2.

PROCEDURE:

1.
2.
3.

Set the rotor at zero position.

Start the motor with the help of rotary switch.

Increase the speed of rotor with dimmer state &lsté & measure the rpm with the
help of tachometer (optional).

4. Put the weight on weight pan than yoke rotate titlackwise direction.
5. Measure the rotating angle (3@0°) with the help of stopwatch.
6. Repeat the experiment for the various speeds au$lo
7. After the test is over set dimmer to zero posiaon switch off main supply.
FORMULAE:
Ttheo = lw wp
I = W x PKgm seé
G 2
(@) = 2x 1x N rad/sec
60
wp = @ x 1 rad/sec
dt 180
Tact wL

OBSERVATION & CALCULATION:

DATA:

Density of Rotor = 7817 Kgfin

Rotor Diameter = 300 mm = 0.3m
Rotor Thickness = 10 mm = 0.001 m
Weight of disc = 5.42 kg

Weights = 0.500 kg, 1.0 kg, 2.0 kg
Distance of bolt of Weight pan from disc

Center = 225 mm = 0.225m
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OBSERVATION TABLE:

S. No. Speed Weight do Dt
(RPM) (Kg) (degree) (Sec)
CALCULATION:
S. No. I W wp Tact T
Kg.-m.-seé rad/sec rad/sec (Kg.m) (Kg.m)
NOMENCLATURE:

zZ O X1 = €

Mass Moment of inertia of disc, Kg.-m.-8ec
Angular velocity of disc

Weight of rotor disc, in kg

Radius of disc, in meter

Acceleration due to gravity, in m/dec

RPM of disc spin

Angular velocity of precession of yoke abouttieal axis.
Angle of precession

Time required for this precessions.
Gyroscopic couple, Kg. M

Weight of pan

Distance of weight
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PRECAUTIONS

1. Before start the motor dimmer state at zero paositio
2. Increase the speed gradually.
3. Do not run the motor at low voltage i.e. less th80 volts.

RESULT: Compared experimentally the gyroscopic couple ondkzed Gyroscope with applied
couple.

Viva-Voce:
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Experiment No.-4

Aim: To find out critical speed experimentally and tongare the Whirling Speed of a shaft
with theoretical values.

Requirement:

Whirling of shaft Apparatus, tachometer, and shaftdifferent diameters.

THEORY:
In actual practice, a rotating shaft carries défgrmountings and accessories in the form of
gears, pulleys etc. when the gears or pulleys ar®mp the shaft, the center of gravity of the
pulley or gear does not coincide with the centee lof the bearings or with the axis of the
shaft, when the shaft is stationary. This meaasttie center of gravity of the pulley or gear
is at a certain distance from the axis of rotatma due to this, the shaft is subjected to
centrifugal force. This force will bend the shaffich will further increase the distance of
center of gravity of the pulley or gear from thesaof rotation. The bending of shaft not only
depends upon the value of eccentricity (distand¢evdxn center of gravity of the pulley and
axis of rotation) but also depends upon the speadhi@h the shaft rotates.
The speed, at which the shaft runs so that thetiaddi deflection of the shaft from the axis
of rotation becomes infinite, is known as criticalwhirling speed.
DESCRIPTION:
The apparatus consists of a DC motor as the drivimg which drives the shaft supported in
fixing ends. Fixing ends can slide and adjust etiog to the requirement on the guiding
pipes. Motor is connected to the shaft througkilile coupling. The shafts of different
diameters can be replaced easily with the helpxaid ends. A dimmer stat is provided to
increase or decrease the rpm of the motor. Thdendmoangement is fixed on M.S. frame.
Guards are provided to protect the user from aaotide
PROCEDURE:
1. Fix the shaft to tube tested in the fixed ends.
2. Supply the main power to the motor through dimntat. s
3. Gradually increase the speed of motor until th&t finode of vibration is not arrived.
4. Study the first mode of vibration and note down ¢beresponding speed of the shaft
with the help of hand tachometer.
5. Gradually increase the speed of motor again, thilsecond mode of vibration is not
arrived.
6. Study the second mode of vibration and note dovencttrresponding speed of the
shaft with the help of hand tachometer.
7. Reduce the speed gradually and when shaft stopingtacut off the main power
supply.
8. Repeat the experiment for the shafts of differeamneters.
FORMULAE:
1. Moment of inertia of shatft, |

nf64) x o' m*

2. Mass of the shaft

Area x Length x density

3. Area of shaft: = {4) x D* nt

When,

Static deflection of shaft due to mass of the shaft

Ss = WL*  meter
384 El
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Frequency of transverse vibration,

fn 0.5616 Hz

V{841.27}

Critical or Whirling speed of the shaft (in r.p.gs)equal to the frequency of transverse
vibration in Hz.

Nc (r.p.s.)

f (Hz)

Nc (rpm) = 60 x f

When the both ends are supported:

State deflection of shaft due to mass of the shaft,
ds = 5WL*  meter

384 El

Frequency of transverse vibration,
nf = 0.56196 Hz

V{541.27}

Critical or Whirling speed of the shaft (in r.pis)equal to the frequency of transverse
vibration in Hz.

N (r.p.s.) = f (Hz)
Nc (rom) = 60 x f

When one end is fix and other is supported:

State deflection of shaft due to mass of the shafft,
8 = WL  meter

185 El

Frequency of transverse vibration,
fn

0.56196 Hz
V{541.27}

Critical or Whirling speed of the shaft (in r.pis)equal to the frequency of transverse
vibration in Hz.

N (r.p.s.) = f (Hz)
Nc (rom) = 60 x f

OBSERVATION & CALCULATION:
GIVEN DATA:
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1. Diameter of shaft1, id = mm = m

2. Diameter of shaft2, »d = __ mm = m
3. Diameter of shaft 3, sd = . mm = m
4. Length of shaft 1,1 = ____meter
5. Length of shaft 2,1 = _____meter
6. Length of shaft 3,4 = 1 meter
7. Young's Modulus of Elasticity, E = 2 x%kg/cnt
8. Density of shaft material = 0.0078 kgfcm
9. Acceleration due to gravity, g = 9.81 f/s
When both the ends are fixed:
S. No. | Actual whirling speed, Theoretical Whirling speed,
Na Ny
When both the ends are supported
S. No. Actual whirling speed, Theoretical Whirling speed,
N, N
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When one end is fix and other end is supported

S. No. Actual whirling speed, Theoretical Whirling speed,
N, Ny
Possible Experiments with Elastic Rods:
Experiment o Mode of Whirl
\o. End Fixing
1 One supported other | 1* Mode
Fixed
2 One supported other | 2" Mode
fixed
3 Both ends 1°' Mode
supported
4 Both ends 2" Mode
Supported
5 Both end 1*' Mode
Fixed
PRECAUTIONS
1. If the revolutions of an unloaded shaft are gralguakreased, it will be found that a

2.

3.

No o

certain speed will be reached at which violentahsity will occur, the shatft.

Deflecting in a single bow and whirling round likeskipping rope. If this speed is
maintained the deflection will become so large thatshaft will be fractured.

It is advisable to increase the speed of shaftdhamnd pass through the critical
speeds first rather than observing thiectitical speed which increases the speed of
rotation slowly. In this process, there is a pasgithat the amplitude of vibration
will increase suddenly bringing the failure of tieaft.

It is destructive test of shaft and it is obsertieat the elastic behavior of the shaft
material changes a little after testing it for & fgfmes and it is advisable to use fresh
shaft afterwards.

Fix the apparatus firmly on the suitable foundation

Do not run the motor at low voltage i.e. less th8A volts.

Always keep apparatus free from dust.
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RESULT:
Actual and theoretical whirling speed of the sleafinpared.

Viva-Voce:
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Experiment No.-5

AIM:

To determine experimentally, the Moment of Inedfaa Flywheel and Axle compare with
the theoretical values.

REQUIREMENT:

A flywheel mounted in the laboratory, a set of ®dtweights and hanger, stop watch, vernier
calipers, a strong but thin cord, meter rod etc.

THEORY:

Moment of Inertia:

The body tends to rotate at a uniform rate aboaitgilien axis and opposes the change in its
angular velocity of the inherent tendency. Momehinertia is also referred as rotational
inertia.

Mathematically, moment of inertia of a given bodbpat a given axis equal to the sum of the
products of the mass and the square of the distafioen axis of rotation of different
particles of which the body is composed.

Moment of inertia of a scalar quality and depeng®rumass of body as well as the
distribution of its mass about the axis of rotation

Unit of moment of inertia is kg x fiin S.1. system and gram x éiim C.G.S. system of units.
Moment of inertia is the rotational analogue of mas

The radius of gyration of a given rotating body @iba given axis of rotation is defined as
that imaginary distance from the axis rotation htol if whole mass of the body is supposed
to be concentrated then its moment of inertia Wwél exactly the same as is with actual
distribution of its mass.

Mathematically radius of gyration (denoted by k)the root mean square distance of the
particles of given body from the axis of rotation.

Flywheel and determination of its moment of inertia

A flywheel is a heavy metallic wheel with a longesupported in bearings. It can remain at
rest in any position. In other words, its centemass lies on the axis of rotation itself. The
flywheel is so shaped that most of the materialascentrated at the rim. It increases the
moment of inertia of flywheel about its axis. Anflheel is generally used in stationary
engines to obtain a uniform motion even with a noiferm drive.

To determine its moment of inertia we mount theegiflywheel in a horizontal position. Its
axle is supported on ball bearings to reducedidct The ball bearings are in turn, fitted in
fixed rigid supports. We take a fine but strongdcand one end of cord is tied loosely to a
peg (or pin) P on the axle and the cord is wouncars times, say i round the axle, A
known mass m is attached to other end of the cord.

When the mass is allowed to descend, the cord weound wheel rotates about the axle.
Thus, mass loses potential energy in its descéhe lost energy is converted partly into the
kinetic energy of translation of the falling masself and partly into the kinetic energy of
rotation of flywheel. A part of it is also used updoing work against the friction of the

supporting bearings.

Let h be the vertical distance through which thessma falls. Thus, the potential energy lost
by the mass = mgh.

Let v be the velocity acquired by the mass antthe angular velocity acquired by the wheel
at the instant when the cord has unwound from #he @nd just leaves the axle. Then the
kinetic energy gained by the given mass 1/2 m%/2 mf o?

[ v=ro], where ris the radius of the axle.

Further more, the kinetic energy gained by the figel =1 kn?
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Where | is the moment of inertia of flywheel abdsataxis of rotation.

Again if f be the constant work done against thetifral force present at the bearings during
each revolution of wheel and bbe the number of revolutions made of windings afdcon
the axle, then total energy spent in overcomingithgon is  n f.

Applying the law of conservation of energy, we sary that loss of potential energy of mass
is equal to the sum of

0] Kinetic energy of falling mass
(i) Rotational kinetic energy of wheel and
(i)  Work done against friction. Mathematically,
mgh = 1/2 fin?® + 1/2 lo® +nyf (i)

After the cord leaves the axle, the wheel makesfimite number of revolution (say)rbefore finally
coming to rest due to the presence of frictionatde at the bearings. Thus, the kinetic energy (=
o’ /2) of the wheel is spent in overcoming the

Friction in n, revolutions i.e.,
11? = npf

2 orf = lo?
2 §
or substituting this value of f in equation (i), @et,

mgh =1 mf o +1 lo® +n; | ©°
2 2 2n

or mgh = 1/2 nfro® + 1/2 le® (1+ n/ny )
or rearranging the terms and on simplifying, we get
I = 2mgh - mf o’

= o (1+n/ny)
We already know that the wheel is finally broughtrést by the frictional forces. If the
frictional forces are throughout constant, the wheeuniformly retarded. At the instant,
when the cord leaves the axle it has an angulascitglo which finally becomes zero.
Therefore,

The average angular velocity = o ¢ 0)/2 = /2

If t be the time taken by the wheel before commgetst then the average angular velocity

/2 = Total angle described in revolutions/2
= 2nn,/t
® = Am,t e (iii)

Again, h is the height through which the mass s fahd, in turn, it is equal to the length of
the cord wound up on the axle ipwindings. Thus,
hmdy, e (iv)
Substituting values ab from (iii) and h from (iv) in equation (ii) we get
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= 2 mgafn, —-mP (4 mnyft) 2

(4nn, t)> A+ n/ny)

= mgr nt? mrn,

4y (p+p) N+ (V)

In practice, it is found that in equation (v) nuioel value of first factor

{ mgrnt’ } is very large as compared to theseédactor { mr }

4.]'In2 (nl + ng) (r]]. + nZ)

coming on the right hand side. Thus, to the fgproximation, we may leave the second
factor and in that case we may write that

| = mgr it (approximately) — -------- (vi)
4, (ny + ny)

Use of flywheel:

A flywheel forms an important part of stationarygeares. A flywheel of large moment of
inertia is joined to the shaft of the engine. Torce driving the engine changes between
maximum and minimum values and hence the motidhefmachine coupled to the engine is
not uniform. The flywheel stores the power in fhem of fits its kinetic energy of rotation
when the driving force is minimum. Thus, it makége motion of the machine almost
uniform.

Formula used:

| = mor gt _ nin,
4n, (N + ) (n+ny)
or
| = mgr {1
4nn, (N + ny) (to the first approximation)
where,

I = moment of inertia of given flywheel,

radius of axle,

,
1

mass attached to the cord

3
I
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Ny

n;

t

number of revolutions of the cord wound on thike ax

number of revolutions made by the wheel afteacking of mass a

time for completing nvibrations.

PROCEDURE:

1.

Examine the flywheel and see carefully that therdeast possible friction in the
bearings. If necessary, oil the bearings. In tase, rotate the wheel for some time
by hand so that the oil spreads in whole bearings.

Take a strong but thin cord having length slighélgs than the height of the axle of
flywheel from the floor. Make a simple loose loapone end of cord and attach a
hanger of known mass at its other end. Put soatedlweights in the hanger so that
total mass of hanger and weights is about 250 grams

Now slip the loop formed over the peg P, projectorgthe axle of flywheel, and
gently rotate the flywheel with the hand so tha tlord is wrapped uniformly round
the axle. When almost the whole core has been ejostop at a stage where the
projecting peg is just horizontal.

In this position, mark a reference point, usindhalk, on the rim of flywheel opposite
to the horizontal pointer N fixed to the flywheélusture. Count the number of turns
wound round the axle. Let it be.n

Hold a stopwatch in your hand and allow the massdéscend. The cord is
unwrapped from the axle and after completingrevolutions; the cord is detached
from the peg. Consequently, the mass falls orfltioe is heard, start the stopwatch.
Count the number of revolutions made by the flywheel before coming to rest and
the time taken t for it. If nand t are found to be too small then increasarthgs m
suspended from the cord. However,famd t are too large and after detachment of
mass, the flywheel rotates so rapidly that you oaount the number of revolutions
made by wheel then reduces the mass. In this maadi@st the suitable mass to be
suspended from the cord.

Repeat the step no. 4 and accurately note the \lue and t. Sometime, it so
happens that in addition to the complete rotatimasle by the wheel there may be a
fraction of the rotation too. To find out the valof fractional rotation, measure the
distance along the circumference of the wheel fivefraction of rotation. Add this
fraction to the number of complete rotations talfthe correct value of;n For same
mass m and same number of windingspm the axle repeat this step 2 — 3 times and
find mean value of nand t.

Repeat the step no. 3 and 5 at least two timeségging mass m or changing the
number of revolutions of the cord on the axle.

Using vernier calipers, measure the diameter ofakle at 3 — 4 places in two
mutually perpendicular directions. Also, measusng a thread and metre scale, the
circumference of wheel.

OBSERVATIONS:
Circumference of the wheel x = ------ cm
Table for n nyand t.
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S.No| Total | No.of No. Of revolutions pmade by the
mass Wheel after detachment of mass
applie | ReVv- Mean | Time | Mean
d n, t(s) t(s)
m (g) Made by Complete | Distance | Fractional | Total
Cord on revolution
Rev. a of chalk - number
axle b =ylx
mark n,=a+b
Ny
pointer
y (cm)
(a)
1 (b)
(©)
(a)
2 (b)
(©)
(a)
3 (b)
(©)
Least count of the vernier calipers = - cm
Zero error of the vernier calipers = e cm
(with proper sign)
Table for radius of axle:
S. Observed diameter Corrected diametef
No.
(cm) (cm)
In one direction In perpendicular direction Mean
Mean diameter of axle, D = -------- cm
Mean radius of axle, r =D= - cm
2
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CALCULATIONS:

O R L T I — g-crh
(i) From 29set | = —mmmems = e g-ch
(iiFrom 39 get ]| = commmeem = e g-cﬁ1

Determination of maximum permissible error:

If radius r of the axle is small then accordingtie approximate formula for moment of
inertia, we have,

| = mgr gt?

4nn, (N + )

Taking log and differentiating, we get
Al = Am +Ar+Anm+2 At+Anp+A(ng + 1p)

| m r 1N t ) n+n

Here all the terms have been assigned +ve sigis $0 ealculate the maximum permissible
(log) error. Substitute various values and finthigaof A I/I

.. Maximum permissible error &1 . 100% = --%
Precautions:

1. The friction at the bearings should be least péssabd the mass fixed to the end of
the cord should be sufficient to be capable of coering friction at the bearings. In
other words, the mass should be start falling ®ovwn accord.

2. The length of the cord should be less than thehheifjthe axle of the flywheel from
the floor.

3. The loop of cord slipped over the peg should béedobse so that the cord leaves the
axle immediately on unwinding itself. If the loag not loose, the cord will have a
tendency to rewind on the axle in the oppositectia.

4. The cord should be uniformly wound on the axlem#éans that neither there should
be neither overlapping nor a gap between succetsins.

5. The cord used should be thin enough as compartetdiameter of axle. However,
if the cord used is of appreciable thickness thahoh fzalf of its thickness to the radius
of axle to get the correct value of r.

6. There should be whole number of turns of cord woomdhe axle. For this purpose,
the winding of cord should be stopped at a poinenehthe projecting peg is
horizontal.

7. Be careful to start the stopwatch at the instargmithe cord is just detached from the
peg.

8. The diameter of the axle should be measured atrdiit points of the axle in two
mutually perpendicular directions.

SOURCES OF ERROR:

1. The exact instant at which the mass drops off (he. instant at which the cord
detaches itself from the peg) cannot be correciiymé out.

2. Angular velocity of the wheel has been calculatadiite assumption that frictional
force throughout remains constant. However, tlsisumption is not true and in

practice, friction increaseslas $speed of rotation of wheel decreases.
RESULT:
Moment of inertia of given flywheel about its awirotation = ------- g-crh
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VIVA-VOCE

What is flywheel?

Where flywheel is used

Define Moment of inertia

Define Radius of gyration

Define co-efficient of fluctuation of speed & cdiefent of fluctuation of energy

arwdPE
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Experiment No.-6

Aim: To calculate the torque on a Planet Carrier angut on internal gear using epicyclic
gear train and holding torque apparatus.

REQUIREMENT: Epicyclic Gear Train Apparatus.

THOERY:

INTRODUCTION:

Any combination of gear wheels by means of whichiomois transmitted from one shaft to
another shaft is called a gear train. In casepafyelic gear trains the axes of the shafts on
which the gears are mounted may move relativelyfiged axis.

The gear trains are useful for transmitting highoeity ratio with gears of moderate size in a
comparatively lesser space. The epicyclic gedandrare used in the back gear of lathe,
differential gears of automobiles, wristwatches.

EPICYCLIC GEAR TRAIN:

A simple gear train (shown in fig. 1) is a trainvihich a gear A and the arm C have a common
axis at Q about which they can rotate. The gear B mesh#sgeiar A and has its axis on the
arm at Q, about which the gear B can rotate. If the arrfixisd, the gear train is simple and
gear A can drive gear B or vice versa, but if geas fixed and arm is rotated about the axis of
gear A (i.e. Q), then the gear B is forced to rotate upon andrada@ear A. Such a motion is
called epicyclic and the gear trains arrangemerguch a manner that one or more of their
members move upon and around another member argnkas epicyclic gear trains. The
epicyclic gear trains may be simple or compound.

—— A

AN

{
|||'r F |-‘\.

l r'f'/f,a, \,' | 'III
_|-| ,l- e ) I‘-||_
&R
X

Figure: Eplcycllc gear train
VELOCITY RATIO OF EPICYCLIC GEAR-TRAIN
The following two methods may be used for finding the velocity ratio of an epicyclic gear
train.
Tabular Method
Algebraic Method
A compound epicyclic gear train (internal type) sists of two co-axial Sand S sun gear (A),
an arm (H), three planetary gears (B,C,and E) anghaular gear (D) as shown in Fig.. Wheel
A has 10 external teeth, B,C and E have 12 extd¢emth. The annular gear has 35 internal
teeth. The sun gear A is fixed on the input sBaft Three planetary compound gear (B,C,E)
are mesh with sun gear A and annular gear D. Tdreetary gears are free to revolve on the
pins of arm H.
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Step | Condition of Elements
Revolution of Elements
No. Arm Gear Compound Gear D
gearB, C, E
H A

1 Arm fixed gear A 0 +1 -Ta -Tax-Tg=Tx
rotates through + 1 Ts Te To Tp
revolution (i.e. 1 rev. ir
anticlockwise)

2 Arm fixed —gear A 0 +X -X Ta X Ta
rotates through + X Ts To
revolution

3 Add + Y revolution tg +Y +Y +Y +Y
all elements

4 Total Motion +Y X+Y Y—XTa Y-X Ta

s b

Speed of Gear :-

If we know that the speed of arm is 271 R.P.M.

Therefore, y = 271 R.P.M.

And the gear D is fixed due to holding

Therefore, Y-X K = 0

To
271 -X 10 = 0
35
X = 271 x 35
10

= 948.5 R.P.M.

Speed of A = X+Y
= 948.5 + 271
= 1219.5 R.P.M.

1219.5 R.P.M. in the direction of arm

Let da, and @& and d be the pitch circle diamete

Speed Ratio

= Speed of Driver
Speed of Driven

= Speed of Sun gear A
Speed of Arm H

= 1219.5
271
= 4.5

r of sun geaplanet gear B and internally

toothed gear D respectively. Assuming the pitclalbthe gears to be same therefore from
the fig. Geometry
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da + 2 = d

The numbers of teeth are proportional to theirpdiccle diameters, therefore

Ta+ 2 Tg = To

2T + 10 = 35

2 Ts = 35-10 =25

Ts = 25/2 =125 = 12
The numbers of teeth of planetary gears B, C, E are

TB = TC = TE = 12

TORQUE IN EPICYCLIC GEAR TRAIN (INTERNAL TYPE):-

If the parts of an epicyclic gear train are all nmgvat uniform speeds, so that no angular
acceleration are involved, the algebraic sum oéxdiérnal torque applied to the train must be
zero or there are at least external torques fotrthe, and in many cases there are only three.
There are:-

T The input torque on the driving member, Arm.

To The resisting, or load, torque on the driven mambe

The  The holding, or braking torque on the fixed member

If there is no acceleration,

Ti+ To+ Ty = 0 - (1)

Further, if there are no internal friction lossésh& bearing and at the contact surfaces of the
wheel teeth, the net energy dissipated by the maist be zero, or

Ti w+ To ot Th = 0 - (2)

Where,wy wo andwy, are the angular velocities of the three membenshizh the external
torques are applied. But for the

Fixed membergy, = 0, so that
Tiwt+ Towy = 0 - 3)
From the resisting or load, torque
To T SlNL) - (4)
(00
and from equation (1)
Th = -(F + Ty
= Ti(w/op-1) - (5)

These equations may be used to find the valueg ahd Th when the input torque applied

to the driving members is known. In addition, émmplex trains they may be used to find
the tooth loads or torques on all the intermediatembers through which power is
transmitted.

PROCEDURE:
1. Check the experiment set-up.
2. Give supply to Motor from control panel.
3. Adjust the RPM of Input shaft to some fix value.
4. Apply holding torque just to hold the drum. Thisishbe done carefully.
5. Take the readings of loads of the holding drum &patidrum as well as take

readings input & output RPM.

6. Take the next reading to apply load on output driBy.applying load on output
drum, holding start to rotate.
7. Repeat the same procedure for next reading.
FORMULAE:
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1. Gear ratio = Speed of driver shaft
Speed of driven shaft
2. Input Torque, T = V X I xnx4500 kgm
746 2n N
3. Holding Torque, = (T1— T2) X Rykgm
4. Output Torque, d = (Ts—Ty) Xx Re kg m
* Take Efficiency (n) of motor = 80% = 0.80
OBSERVATION & CALCULATION DATA:
1. Number of teeth of SUN gear = 10 Teeth
2. Number of teeth of PLANET gear = 12 Teeth
3. Number of teeth of ANNULAR gear
(Internal gear) = 35 Teeth
4, Diameter of holding drum = 186 mm = 0.186 m
5. Radius of holding drum,,R = 93 mm = 0.093 m
6. Diameter of output brake drum = 186 mm = 0.186 m
7. Radius of output brake drum; R = 93 mm = 0.093 m
OBSERVATION TABLE:
S. Voltage Current Speed Speed O/P Spring Holding
No. (DC) V (DC) A I/P shaft | O/P shaft Balance spring
N1 N2 Reading, balance
(T1—T) kg reading
(T2—To) kg
CALCULATION:
S.No.| Actual Theo gear | Input Torque (kg Holding Output
gear ratio ratio m) Torque Torque
(kg m) (kg m)

PRECAUTIONS & MAINTENANCE INSTRUCTIONS:
Do not run the motor at low voltage i.e. less th80 volts.

1
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apbwnN

RESULT:

Torque on planet carrier
Torque on internal gear

Before starting the motor both the ropes in loosstmn.

Before starting the motor with rotary switch, thenther state at zero position.
Increase speed gradually.

Always keep apparatus free from dust.

N-m
N-m

VIVA-VOCE

ok wNE

Define Gear drive

What is the difference between spur & helical gear.

Double helical gearis also called......................coet .. gear.
What is difference between simple gear train & gglic gear train?
What is sun & planet gears

What are the applications of Epicyclic Gear Train
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Experiment No.-7

Aim: To perform the experiment of Balancing of rotatpagts and find the unbalanced
couple and forces.

REQUIREMENTS:
Static & Dynamic Balancing Apparatus.
THEORY:
Conditions for Static and Dynamic Balancing:
If a shaft carries a number of unbalanced massds that center of mass of the system lies
on the axis of rotation, the system is said tacaly balance. The resultant couple due to all
the inertia forces during rotation must be zeroesehtwo conditions together will give
complete dynamic balancing. It is obvious thatyaadnically -balanced system is also
statically balanced, but the statically balancestesy is not dynamically balanced.

. P .
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i:igure: Dynamic balancing apparatus

Balancing of Several Masses Rotating in DifferentI|Bnes:

When several masses revolve in different planey, thay be transferred to a reference plane
(written as RP), which may be defined as the plaassing through a point on the axis of
rotation and perpendicular to it. The effect ansferring a revolving mass (in one plane) to
a reference plane is to cause a force of magneqgdeal to centrifugal force of the revolving
mass to act in the reference plane, together witbugle of magnitude equal to the product of
the force and the distance between the plane afioatand the reference plane. In order to
have a complete balance of the several revolvingsesin different planes, the following
conditions must be satisfied:

1. The forces in the reference plane must balancéheeesultant force must be zero.

2. The couple about the reference plane must balamcehe resultant couple must be
zero.

Let us now consider four masseg, my, mz and m revolving in plane 1, 2, 3 and 4 shown in
fig. The relative angular position and positiontbé balancing mass m1l in plane may be
obtained as discussed below:

1. Take one of the plane, say 1 as the reference RuR3. The distance of all the other
planes to the left of the reference plane may garded as negative, and those to the
right as positive.

2. Tabulate the data as in table. The planes ardatigloin the same order i.e. 1, 2,
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Plane | Weight | Mass | Radius | Angle | Mass moment| Distance Couple

No. from
(m) r )] Mr plane 1 mrL

(L)

1. The position of plane 4 from plane 2 may be obting drawing the couple polygon
with the help of data given in column no. 8.

2. The magnitude and angular position of mass m1 neagidtermined by drawing the
force polygon from the given data of column no.5célumn no.6 to some suitable
scale. Since the masses are to be completely dealatherefore the force polygon
must be closed figure. The closing side of forakygon is proportional to the m1rl.

The angular position of mass m1 must be equaldatigle in anticlockwise measured from
the R.P. to the line drawn in the fig. Parallettie closing side of the polygon.

Description

The apparatus consists of a steel shaft mountdxlinbearings in a stiff rectangular main
frame. A set of four blocks of different weightsprovided and may be detached from the
shaft.

A disc carrying a circular protractor scale isefittto one side of the rectangular frame. A
scale is provided with the apparatus to adjustidhgitudinal distance of the blocks on the
shaft. The circular protractor scale is provideddetermine the exact angular position of
each adjustable block.

The shatft is driven by 230 volts, single phasec$€les electric motor mounted under the
main frame, through a belt.

For static balancing of weights the main frameuspgnded to support frame by chains then
rotate the shaft manually after fixing the blocks tleir proper angles. It should be
completely balanced. In this position, the motavidg belt is removed.

For dynamic balancing of the rotating mass systeenmain frame is suspended from the
support frame by two short links such that the nfeame and supporting frame are in the
same plane. Rotate the statically balanced weigitts the help of motor. If they rotate
smoothly and without vibrations, they are dynantjchilanced.

PROCEDURE:

Insert all the weights in sequence 1-2-3-4 frongyuside.

Fix the pointer and pulley on shaft.

Fix the pointer on 0(62) onthe circular protractor scale.

Fix the weight no.1 in horizontal position.

Rotate the shaft after loosening previous positibpointer and fix it orf3.

Fix the weight no. 2 in horizontal position.

Loose the pointer and rotate the shaft to fix piin4.

Fix the weight no.3 in horizontal position.

Loose the pointer and rotate the shaft to fix perioin61.

©CoNoO~wDNE
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10. Fix the weight no. 4 in horizontal position.

11.Now the weights are mounted in correct position.

12. For static balancing, the system will remain steiadgny angular position.

13.Now put the belt on the pulleys of shaft and motor.

14. Supply the main power to the motor through dimnat. s

15.Gradually increase the speed of the motor. Ifsysem runs smoothly and without
vibrations, it shows that the system is dynamich#iianced.

16. Gradually reduced the speed to minimum and thetcBwaiff the main supply to stop

the system.
Data:
Mass of 1 = mgms = Plane 1 = Weight No. =4
Mass of 2 = mgms = Plane 2 = Weight No. =1
Mass of 3 = mgms= Plane 3 = Weight No. =2
Mass of 4 = mgms = Plane 4 = Weight No. =3
Radius 1, 2, 3, 4= r cm. (Same radius)
Angle between 2 & 3 83
Angle between 2 & 4 84
Angle between 2 & 1 81
Observation & calculations:
Plane | Weight | Mass | Radius| Angle | Mass moment Distance Couple
No. from
(m) r (6) mr plane 1 mrL

(L)

PRECAUTIONS & MAINTENANCE INSTRUCTIONS
1. Do not run the motor at low voltage i.e. less th&0 volts.
2. Increase the motor speed gradually.
3. Experimental set up is proper tightly before staygxperiment.
4. Always keep apparatus free from dust.
5. Before starting the rotary switch, check the neeflldimmer stat at zero position.
RESULT:
Statically and dynamically balanced the rotatingpa
VIVA-VOCE
1. Why balancing is necessary for high speed engine
2. What is difference betwe&tatic & Dynamic Balancing?
3. What are effects of partial balancing in locomeg?
4. What are the practical applications of balaning
5. Secondary balancing force is given by relation...........................

47



Experiment No.-8

AIM: To find out experimentally the coriolli's and cponent of acceleration and compare
with theoretical values.

REQUIREMENT: Coriolli's Component of Acceleration apparatus.

THEORY:

INTRODUCTION:

The apparatus has been designed to enable stumbem®asure the various parameters
comprising the Coriolli’'s of Acceleration.

To maintain this acceleration long enough for measents to be taken the conventional
slider mechanism is replaced by two streams of miaving radially outwards from an
inverted ‘T’ shaped tube, which is rotated abositviértical axis so that the water in passing
along the tube is subjected to a Coriolli’'s Compus®f Acceleration.

The total acceleration of a point with respectrother point in a rigid link is the vector sum
of its centripetal and tangential components. THuoikls true when the distance between two
points is fixed and the relative acceleration & tivo points on a moving rigid link has been
considered. If the distances between two pointg, \hat is the second point, which was
stationary, now slides, the total acceleration walhtain one additional component, known as
Coriolli’'s component of acceleration.

A mechanism (shown in fig.) consisting translatpagr i.e. block B, which is free to slide in
straight path fixed in direction. If the transhagipair itself revolves, its acceleration will
include the Coriolli’'s component of acceleratioredo change in relative distance between
two points.

Let link OA oscillate about the fixed center O witbnstant angular velocity, from OA to
OA’ in time dt, angle between OA and OA’ beinf.dThe link consists of a slider B that
interval of time. Now the slider can be considaetiave moved from B to E follows:

From B to C due to outward velocity v of the slider

D to E due to acceleration perpendicular to the rod

The third movement of the slider is due to Corislacceleration, which can be analyzed as
under: -

Arc DE = arc EF —arc FD
= Arc EF —arc BC
= FOx®-BOxdd
= d(FO — BO)
= BF x @
= CDxd®

Now linear displacement

CDh = v. dt

And angular displacement

do = w. Dt

Arc DE = (v. dt) ¢o. dt
= V.w. (dty

However, DE= ¥, (dtY (If °the acceleration of the particle is constant).

0w f°.(dtf = (dty

or = 2v .0

This is the required Coriolli's component of acecat®n and is always perpendicular to the
link.
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HYDRAULIC ANALOGY:

Consider a short column of the fluid of lengthat distance r from the axis of rotation of the
tube. Then if the velocity of the fluid relative the tube is v and the angular velocity of the
tube isw the Coriolli's component of acceleration of theluron is 2w in a direction

perpendicular to, and in the plane of rotationha&f tube. The torqu&T applied by the tube
to produce this acceleration is then-

OW X 2 Vo

g

Wheredw is the weight of fluid of the short column. WY is the specific weight of the fluid
and (a) is the cross-section area of the tubetothen:

ow = wa Xor
or = 2V - WX ar Xor
g
and the complete torque applied to a column oftlehgs given by
T = 2vw - wx a x L
g 2
T = Ccx wxaxlL?
g
or Coriolli’'s of acceleration
Cc = 29T
wail
(Considering both tubes)
DESCRIPTION:

The Apparatus consists of two stainless steel {ypregecting radially from a central Perspex
tube are rotated by a DC swinging field motor, mednvertically in a pillow blocks and
bearings. A spring balance attached to a fixechgiwg field motor with a fixed armed
length measures the torque supplied by the motor.
A digital rpm indicator is provided to measure #peed of the motor. Water from the pump
flows to Perspex tube through the control valvehe Tvater flow rate is measured with the
help of rotameter. The water leaving the radiddetwirculate continuously by the water
pump. The splash tank and all the accessoriemauvated on a fabricated M.S. frame.
PROCEDURE:

1. Supply the main power to the control panel.

2. Switch on the motor and then increase the spedgeainotor with the help of Variac

up to certain speed.

3. Now start the water pump and maintain a constam¢miavel in the vertical Perspex
tube with the help of bye pass valve.
Note down the readings of spring balance for adturajue.
Note down the discharge and RPM from rotameter digital RPM indicator
respectively.
6. Now switch off the water pump and adjust the spekthe motor to its previous

value.
7. Note down the reading on the spring balance fotiémal torque.
8. Repeat the procedure for the different speeds landrates.

ok
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FORMULAE:

1. Coriolli’'s Component of acceleration (actual) = 29t m/$
2xpwxakt
2. Torque, T = F xR kgm
3. Coriolli’'s Component of acceleration (theo) = wem/s
4. Angular velocity,w = 21tN rad/sec
60
Velocity, v = Q/2a m/s

OBSERVATION & CALCULATIONS:

DATA:

g = Acceleration due to gravity = 9.81 /s

pw = Density of water = 1000 kg?m

d = Internal diameter of pipe = 6.0 mm = 6.0 £ 10
a = Cross sectional area of pipe = 2.827 ¥ md

L = Length of pipe = 300 mm = 0.300 m
R = Swinging field arm = 137 mm =0.122 m
1LPH = 2.77 x 18 m’/sec

OBSERVATION TABLE:

S. No. Speed LPH Force
N Kg
1
2
3
CALCULATIONS:
S. No. Torque (T) Angular Velocity of Cor. Comp. Cor. Comp.
Kgm Velocity (w) Water (v) of of
Rad/sec m/s acceleration | acceleration
(theo) m/set | (act.)
m/seé
1
2
3

PRECAUTIONS & MAINTENANCE INSTRUCTIONS:

1. Don’t exceed the discharge more than 2500 LPH.

2. To control the overflow in the central tube, in@eathe speed of the motor
simultaneously as the discharge increases.

3. Bye pass valve should fully open before the expemninstart.

4. Variac should be at zero position before startirgexperiment.

TROUBLESHOOTING:

1. If pump gets jam, open the back cover of pump atate the shaft manually.
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2. If pump gets heat up, switch off the main powerXbrminutes and avoid closing the
flow control valve and bye pass valve simultanepdsiring operation.

RESULT:

Compared experimentally the coriolli’'s componenaoteleration with theoretical values.
Viva-Voce:
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Experiment No.-9
AIM :- To study various types of gear- Helical, crosscaglworm, bevel gear.
APPARATUS USED :- Arrangement of gear system.
THEORY :-

CLASSIFICATION OF GEAR :- Gears can be classified@ding to the relative position of
their shaft axis are follows:
A: PARALLEL SHAFT
0] Spur gear
(i) Spur rack and pinion
(i) Helical gears or Helical spur gear
(iv) Double- helical and Herringbone gear
B: INTER SECTING SHAFT

(1) Straight bevel gear

(i)  Spiral bevel gear

(i)  Zerol bevel gear
C: SKEW SHAFT
(1) Crossed- helical gear
(i) Worm gears( Non-throated, Single thexhtDouble throated)
SPUR GEAR:- They have straight teeth parallel toakes and thus are not subjected to axial
thrust due to teeth load. Spur gears are the nowston type of gears. They have straight
teeth, and are mounted on parallel shafts. Somstimany spur gears are used at once to
create very large gear reductions. Each time a pedin engages a tooth on the other gear,
the teeth collide, and this impact makes a notsalsb increases the stress on the gear teeth.
Spur gearsare the most commonly used gear type. They areacteized by teeth, which
are perpendicular to the face of the gear. Spursgae@ most commonly available, and are
generally the least expensive.

Figure: Spur gear

HELICAL GEARS:- In helical gears, the teeth arevad, each being helical in shape. Two
mating gears have the same helix angle, but hatle & opposite hands. At the beginning of
engagement, contact occurs only at the point afilgpedge of the curved teeth. As the gears
rotate, the contact extends along a diagonal lonesa the teeth. Thus the load application is
gradual which result in now impact stresses andiatoh in noise. Therefore, the helical

gears can be used at higher velocities then the ggars and have greater load — carrying
capacity. The teeth on helical gears are cut angte to the face of the gear. When two teeth
on a helical gear system engage, the contact siardme end of the tooth and gradually
spreads as the gears rotate, until the two teethirarfull engagement. This gradual

engagement makes helical gears operate much maretlsgnand quietly than spur gears.

For this reason, helical gears are used in almbsaatransmission. Because of the angle of

52



the teeth on helical gears, they create a thrast ém the gear when they mesh. Devices that
use helical gears have bearings that can suppstittust load.

Figure: Helical gear
DOUBLE HELICAL AND HERRING BONE GEARS :- A- doublehelical gear is
equivalent to a pair of helical gears secured togretone having a right — hand helix and the
other a left hand helix. The tooth of two raw ipa&ted by a grooved used for too run out.
If the left and the right inclinations of a doublehelical gear meet at a common apex and
there is no groove in between, the gear is knowmeasng bone gear.
CROSSED — HELICAL GEAR :- The used of crossed la¢lgear or spiral gears is limited
to light loads. By a suitable choice of helix anfgle the mating gears, the two shaft can be
set at any angle.
WORM GEAR :- Worm gear is a special case of sgiesr in which the larger wheel, usually, has a
hollow or concave shape such that a portion ofpiteh diameter is the other gear is enveloped .on it
The smaller of two wheels is called the worm whéd$o has larger spiral angl@orm gear Worm
gears are used when large gear reductions arecdetecommon for worm gears to have reductions
of 20:1, and even up to 300:1 or greater.

e B
=
-

Figure: Worm gear
BEVEL GEAR :- Kinematically, the motion between twiersecting shafts is equivalent to
the rolling of two cones, assuming no slipping. Geears, in general, are known as bevel
gear. When teeth formed on the cones are stralghgjear are known as straight bevel and
when inclined, they are known as spiral or helimlel.

Result:- Different types of gear have been studied.
Viva-Voce:
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EXPERIMENT NO:-10
AIM : - To study the various types of dynamometers.
APPARATUS USED : -Models of dynamometer.
THEORY:- The dynamometer is a device used to measure theedreing exerted along a
rotating shaft so as to determine the shaft power.
Dynamometers are generally classified into:
1) Absorption dynamometers (i.e. Prony brakes, dwilr or fluid friction brakes, fan
brake and eddy current dynamometers)
2) Transmission dynamometers (i.e. Torsion anddyglamometers, and strain gauge
dynamometer)
3) Driving dynamometers (i.e. Electric cradled dyimaneter)
PRONY BRAKE : - The prony and the rope brakes are the two typesechanical brakes
chiefly employed for power measurement. The pra@ké has two common arrangements
in the block type and the band type. Block typengployed to high speed shaft and band
type measures the power of low speed shatft.
BLOCK TYPE PRONY BRAKE DYNAMOMETER : - The block type prony brake
consists of two blocks of wood of which embracdkenless than one half of the pulley rim.
One block carries a lever arm to the end of whigluilacan be applied by means of a dead
weight or spring balance. A second arm projectnftioe block in the opposite direction and
carries a counter weight to balance the brake windmaded. When operating, friction
between the blocks and the pulley tends to rotedlocks in the direction of the rotation of
the shaft. This tendency is prevented by addingisiat the extremity of the lever arm so
that it remains horizontal in a position of equilim.
Torque, T = W*l in Nm
Power P = 2N* T/60 in N-m/s
= 2nN * W*|/60* 1000 in kW
Where, W= weights in Newton
| = Effective length of the lever arm in meter and
N = Revolutions of the crankshaft per minute.

BAND TYPE PRONY BRAKE DYNAMOMETER: - The band type prony brake consists
of an adjustable steel band to which are fastersmatien block which are in contact with the
engine brake-drum. The frictional grip betweenlihad the brake drum can be adjusted by
tightening or loosening the clamp. The torqueassmitted to the knife edge through the
torque arm. The knife edge rests on a platformoanmraunicates with a spring balance.
Frictional torque at the drum = F*r

Balancing torque = W*|

Under equilibrium conditions, T = F*r = W* in Nm.

Power =2aN* T/60 in N-m/s

= 2N * W*|/60* 1000 in kW

FRICTROR
MATERIAL

e LENGTH {F ARM

-Promy brake.

Figure: Prony brake dynamometer
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ROPE BRAKE DYNAMOMETERS: - A rope brake dynamometers consists of one or
more ropes wrapped around the fly wheel of an enginose power is to be measured. The
ropes are spaced evenly across the width of théyiftywheel. The upward ends of the rope
are connected together and attached to a spriagdsland the downward ends are kept in
place by a dead weight. The rotation of flywheelduces frictional force and the rope
tightens. Consequently a force is induced in thisnggbalance.

Effective radius of the brake R = (D+ d)/2

Brake load or net load = (W-S) in Newton

Braking torque T = (W-S) R in Nm.

Braking torque =2N* T/60 in N-m/s

= 2nN * (W-S)R/60* 1000 in kW

D= dia. Of drum
d = rope dia.
S = spring balance reading
DIRECTION OF
ROTATION A SPRING
EALANCE
ERAKE DRUM \

| WEIGHT

I
Figure: Rope brake dynamometer

FLUID FRICTION (HYDRAULIC DYNAMOMETER):- A hydraulic dynamometer uses
fluid-friction rather than friction for dissipatirttpe input energy. The unit consists essentially
of two elements namely a rotating disk and a statip casing. The rotating disk is keyed to
the driving shaft of the prime-mover and it revaveside the stationary casing. When the
brake is operating, the water follows a helicahpgatthe chamber. Vortices and eddy
currents are set-up in the water and these tehdndhe dynamometer casing in the

direction of rotation of the engine shaft. Thisdency is resisted by the brake arm and
balance system that measure the torque.

Brake power = W*N/K,
Where W is weight as lever arm, N is speed in ngvahs per minute and k is dynamometer
constant.
Approximate speed limit = 10,000rpm
Usual power limit = 20,000kW
BEVIS GIBSON FLASH LIGHT TORSION DYNAMOMETER: - This torsion
dynamometer is based on the fact that for a giverft sthe torque transmitted is directly
proportional to the angle of twist. This twist igasured and the corresponding torque
estimated the relation:
T=Ip*C*0/I
Where Ip =rd4/32 = polar moment of inertia of a shaft of diamete
0 = twist in radians over length | of the shaft
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C = modulus of rigidity of shaft material

APPLICATIONS:-

i) For torque measurement.

i) For power measurement.

VIVA-QUESTIONS:-

1. How many types of method of shaft power measargrf

2. How many types of mechanical brakes ?

3. Which type mechanical brake use for high smeetlow speed shaft ?
4. What is mean by effective radius of the braken®

5. Which types of bearing is same as the frictmyue transmitted by a disc or plate
clutch?
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