. "..1 | Defmmcn

The subject Theors of Machines may be deflned asi‘-'v':._" :
that branch of Engineering-science, which deals with the study S
-of relative motion between the various parts of a machine, -

~ and forces which act on them. The knowledge of this-subject -

 isvery essential for an engineer in designing the various parts
~ of amachine.

‘Note: A machine is a device which receives energy in some
‘available form and utilises it to do some particular type of work.

1.2. Sub-divisions of Theory of Machines

The Theory of Machines may be sub-divided into -
the following four branches :

" 1. Kinematics. It is that branch of Theory of
- Machines which deals with the relative motion between the
“various parts of the machines.

2. Dynamics. Itis that branch of Theory of Machines
| 'wh1ch deals with the forces and their effects, while actmg ‘
: upon the machine parts in motion.

3. Kinetics. It is that branch of Theory of Machines

whi;:h deals with the inertia forces which arise from the com- i
By -bmed effect of the mass and motion of the machine parts. -

4. Statics. It is that branch of Theory of MachmesA

" ‘-"'.'_'v'_‘Whlch deals with the forces and their effects while the ma- o

. ‘-chme parts are at rest. The mass of the parts is assumed to beﬁ ; e

'neghglble
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Sliding Contact Bearings

Classification of Bearings

1. According to the direction of load to be supported.
The bearings under this group are classified as:
(a) Radial bearings
(b) Thrust bearings.
In radial bearings, the load acts perpendicular to the direction of motion of the moving
element as shown in the Figure 1 (a & b).
In thrust bearings, the load acts along the axis of rotation as shown in (c).

Load Moving _ Load Fixed
+ - element ¢ / element /

element

element

“— Fixed element

(@) Radial bearing. (b) Radial bearing. (c) Thrust bearing.

Figure 1

2. According to the nature of contact.
The bearings under this group are classified as:
(a) Sliding contact bearings,
(b) Rolling contact bearings.
In sliding contact bearings, as shown in the following Figure 2. (a), the sliding takes place
along the surfaces of contact between the moving element and the fixed element. The sliding
contact bearings are also known as plain bearings.

v Fixed element Fixed element 4\&

Balls or rollers

‘— Moving element Moving element

(a) Sliding contact bearing. (#) Rolling contact bearings.

Figure 2

In rolling contact bearings, as shown in figure 2 (b), the steel balls or rollers, are interposed
between the moving and fixed elements. The balls offer rolling friction at two points for each
ball or roller.



Types of Sliding Contact Bearings

The sliding contact bearings in which the sliding action is guided in a straight line and
carrying radial loads, as shown in figure 3 (@), may be called slipper or guide bearings. Such
type of bearings are usually found in cross-head of steam engines.

— Bearing

1200 — 120°°

(@) Full journal bearing. (b) Partial journal bearing. (c) Fitted journal bearing.

Figure 3

The sliding contact bearings in which the sliding action is along the circumference of a circle
or an arc of a circle and carrying radial loads are known as journal or sleeve bearings. When
the angle of contact of the bearing with the journal is 360° as shown in the above figure (a),
then the bearing is called a full journal bearing. This type of bearing is commonly used in
industrial machinery to accommodate bearing loads in any radial direction.

When the angle of contact of the bearing with the journal is 120°, as shown in figure 3 (b),
then the bearing is said to be partial journal bearing. This type of bearing has less friction
than full journal bearing, but it can be used only where the load is always in one direction.
The most common application of the partial journal bearings is found in rail road car axles.
The full and partial journal bearings may be called as clearance bearings because the
diameter of the journal is less than that of bearing.

When a partial journal bearing has no clearance i.e. the diameters of the journal and bearing
are equal, then the bearing is called a fitted bearing, as shown in figure 3 (c¢).

The sliding contact bearings, according to the thickness of layer of the lubricant between the
bearing and the journal, may also be classified as follows:

1. Thick film bearings. The thick film bearings are those in which the working surfaces are

completely separated from each other by the lubricant. Such type of bearings are also called
as hydrodynamic lubricated bearings.

2. Thin film bearings. The thin film bearings are those in which, although lubricant is
present, the working surfaces partially contact each other atleast part of the time. Such type of
bearings are also called boundary lubricated bearings.

3. Zero film bearings. The zero film bearings are those which operate without any lubricant
present.

4. Hydrostatic or externally pressurized lubricated bearings. The hydrostatic bearings are

those which can support steady loads without any relative motion between the journal and the
bearing. This is achieved by forcing externally pressurized lubricant between the members.

Hydrodynamic Lubricated Bearings
We have already discussed that in hydrodynamic lubricated bearings, there is a thick film of

lubricant between the journal and the bearing. A little consideration will show that when the

2
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Rolling Contact Bearings

10.
I

12

13.

14.
15.

16.

. Types

. Introduction.
. Advantages

and
Disadvantages of Rolling
Contact Bearings Over
Sliding Contact Bearings.

. Types of Rolling Contact

Bearings.

of Radial
Bearings.

Ball

. Standard Dimensions and

Designation  of  Ball

Bearings.

. Thrust Ball Bearings.
. Types of Roller Bearings.
. Basic Static Load Rating of

Rolling Contact Bearings.

. Static Equivalent Load for

Rolling Contact Bearings.
Life of a Bearing.

Basic Dynamic Load Rating
of Rolling Contact Bearings.
Dynamic Equivalent Load
for Rolling Contact
Bearings.

Dynamic Load Rating for
Rolling Contact Bearings
under Variable Loads.
Reliability of a Bearing.
Selection of Radial Ball
Bearings.

Materials and Manufacture
of Ball and Roller Bearings.

. Lubrication of Ball and

Roller Bearings.

27.1 Introduction

In rolling contact bearings, the contact between the
bearing surfaces is rolling instead of sliding as in sliding
contact bearings. We have already discussed that the
ordinary sliding bearing starts from rest with practically
metal-to-metal contact and has a high coefficient of friction.
It is an outstanding advantage of a rolling contact bearing
over a sliding bearing that it has a low starting friction.
Due to this low friction offered by rolling contact bearings,
these are called antifriction bearings.

27.2 Advantages and Disadvantages of
Rolling Contact Bearings Over Sliding
Contact Bearings

The following are some advantages and disadvantages
of rolling contact bearings over sliding contact bearings.

996
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Advantages
1. Low starting and running friction except at very high speeds.
Ability to withstand momentary shock loads.
Accuracy of shaft alignment.
Low cost of maintenance, as no lubrication is required while in service.
Small overall dimensions.
Reliability of service.

el L

Easy to mount and erect.

8. Cleanliness.
Disadvantages

1. More noisy at very high speeds.

2. Low resistance to shock loading.

3. More initial cost.

4. Design of bearing housing complicated.
27.3 Types of Rolling Contact Bearings

Following are the two types of rolling contact bearings:
1. Ball bearings; and 2. Roller bearings.

Ball Wy

Outer race
=] Rl

Retainer

|
(a) Ball bearing. (b) Roller bearing.  (a) Radial ball bearing. (b) Thrust ball bearing.

Fig. 27.1. Ball and roller bearings. Fig. 27.2. Radial and thrust ball bearings.

The ball and roller bearings consist of an inner race which is mounted on the shaft or journal
and an outer race which is carried by the housing or casing. In between the inner and outer race, there
are balls or rollers as shown in Fig. 27.1. A number of balls or rollers are used and these are held at
proper distances by retainers so that they do not touch each other. The retainers are thin strips and is
usually in two parts which are assembled after the balls have been properly spaced. The ball bearings
are used for light loads and the roller bearings are used for heavier loads.

The rolling contact bearings, depending upon the load to be carried, are classified as :

(a) Radial bearings, and (b) Thrust bearings.

The radial and thrust ball bearings are shown in Fig. 27.2 (a) and (b) respectively. When a ball
bearing supports only a radial load (Wy), the plane of rotation of the ball is normal to the centre line
of the bearing, as shown in Fig. 27.2 (a). The action of thrust load (W) is to shift the plane of rotation
of the balls, as shown in Fig. 27.2 (b). The radial and thrust loads both may be carried simultaneously.

27.4 Types of Radial Ball Bearings
Following are the various types of radial ball bearings:
1. Single row deep groove bearing. A single row deep groove bearing is shown in Fig. 27.3 (a).



998 = A Textbook of Machine Design

77222
LA
sy

%//6//%

222
MO ()
MM

| (F) (+) ]
AN

(a) Single row deep (b) Filling notch.  (¢) Angular contact.  (d) Double row. (e) Self-aligning.
groove.
Fig. 27.3. Types of radial ball bearings.

During assembly of this bearing, the races are offset and the maximum number of balls are placed
between the races. The races are then centred and the balls are symmetrically located by the use of a
retainer or cage. The deep groove ball bearings are used due to their high load carrying capacity and
suitability for high running speeds.
The load carrying capacity of a ball
bearing is related to the size and
number of the balls.

2. Filling notch bearing. A
filling notch bearing is shown in Fig.
27.3 (b). These bearings have notches
in the inner and outer races which
permit more balls to be inserted than
in a deep groove ball bearings. The
notches do not extend to the bottom
of the race way and therefore the balls
inserted through the notches must be
forced in position. Since this type of
bearing contains larger number of balls
than a corresponding unnotched one,
therefore it has a larger bearing load
capacity.

3. Angular contact bearing. An angular contact bearing is shown in Fig. 27.3 (c). These bearings
have one side of the outer race cut away to permit the insertion of more balls than in a deep groove
bearing but without having a notch cut into both races. This permits the bearing to carry a relatively
large axial load in one direction while also carrying a relatively large radial load. The angular contact
bearings are usually used in pairs so that thrust loads may be carried in either direction.

Radial ball bearing

4.Double row bearing. A double row bearing is shown in Fig. 27.3 (d). These bearings may be
made with radial or angular contact between the balls and races. The double row bearing is appreciably
narrower than two single row bearings. The load capacity of such bearings is slightly less than twice
that of a single row bearing.

5. Self-aligning bearing. A self-aligning bearing is shown in Fig. 27.3 (e). These bearings
permit shaft deflections within 2-3 degrees. It may be noted that normal clearance in a ball bearing are
too small to accommodate any appreciable misalignment of the shaft relative to the housing. If the
unit is assembled with shaft misalignment present, then the bearing will be subjected to a load that
may be in excess of the design value and premature failure may occur. Following are the two types of
self-aligning bearings :

(a) Externally self-aligning bearing, and (b) Internally self-aligning bearing.

In an externally self-aligning bearing, the outside diameter of the outer race is ground to a
spherical surface which fits in a mating spherical surface in a housing, as shown in Fig. 27.3 (e). In
case of internally self-aligning bearing, the inner surface of the outer race is ground to a spherical
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Sliding Contact Bearings

. Bearing

. Introduction.
. Classification of Bearings.
. Types of Sliding Contact

Bearings.

. Hydrodynamic Lubricated

Bearings.

. Assumptions in Hydrodynamic

Lubricated Bearings.

. Important Factors for the

Formation of Thick Oil Film.

. Wedge Film Journal Bearings.
. Squeeze Film Journal Bearings.
. Properties of Sliding Contact

Bearing Materials.

. Materials used for Sliding

Contact Bearings.

. Lubricants.
. Properties of Lubricants.
. Terms used in Hydrodynamic

Journal Bearings.
Characteristic
Number and Bearing Modulus
for Journal Bearings.

. Coefficient of Friction.

. Crifical Pressure.

. Sommerfeld Number.

. Heat Generated .

. Design Procedure.

. Solid Journal Bearing.

. Bushed Bearing.

. Split Bearing or Plummer

Block.

. Design of Bearing Caps and

Bolfs.

. Oil Grooves.

. Thrust Bearings

. Foot-step or Pivot Bearings.
. Collar Bearings.

26.1 Introduction

A bearing is a machine element which support another
moving machine element (known as journal). It permits a
relative motion between the contact surfaces of the
members, while carrying the load. A little consideration
will show that due to the relative motion between the contact
surfaces, a certain amount of power is wasted in overcoming
frictional resistance and if the rubbing surfaces are in direct
contact, there will be rapid wear. In order to reduce frictional
resistance and wear and in some cases to carry away the
heat generated, a layer of fluid (known as lubricant) may
be provided. The lubricant used to separate the journal and
bearing is usually a mineral oil refined from petroleum, but
vegetable oils, silicon oils, greases etc., may be used.

26.2 Classification of Bearings

Though the bearings may be classified in many ways,
yet the following are important from the subject point of
view:

962
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Roller Bearing

1. Depending upon the direction of load to be supported. The bearings under this group are
classified as:

(a) Radial bearings, and (b) Thrust bearings.

In radial bearings, the load acts perpendicular to the direction of motion of the moving element
as shown in Fig. 26.1 (a) and (b).

In thrust bearings, the load acts along the axis of rotation as shown in Fig. 26.1 (c).

Note : These bearings may move in either of the directions as shown in Fig. 26.1.

Load Moving Load Fixed
element element

Load

Fixed

Moving element
D == element element

j

(@) Radial bearing. (b) Radial bearing. (c) Thrust bearing.

Fixed element

Fig. 26.1. Radial and thrust bearings.
2. Depending upon the nature of contact. The bearings under this group are classified as :
(@) Sliding contact bearings, and (b) Rolling contact bearings.

In sliding contact bearings, as shown in Fig. 26.2 (a), the sliding takes place along the surfaces
of contact between the moving element and the fixed element. The sliding contact bearings are also
known as plain bearings.

Fixed element

Fixed element
l 222,
54
a

A

Moving element

Balls or rollers

Moving element

(a) Sliding contact bearing. (b) Rolling contact bearings.
Fig. 26.2. Sliding and rolling contact bearings.
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In rolling contact bearings, as shown in Fig. 26.2 (b), the steel balls or rollers, are interposed
between the moving and fixed elements. The balls offer rolling friction at two points for each ball or
roller.

26.3 Types of Sliding Contact Bearings

The sliding contact bearings in which the sliding action is guided in a straight line and carrying
radial loads, as shown in Fig. 26.1 (a), may be called slipper or guide bearings. Such type of bearings
are usually found in cross-head of steam engines.

(a) Full journal bearing. (b) Partial journal bearing. () Fitted journal bearing.

Fig. 26.3. Journal or sleeve bearings.

The sliding contact bearings in which the sliding action is along the circumference of a circle or
an arc of a circle and carrying radial loads are known as journal or sleeve bearings. When the angle
of contact of the bearing with the journal is 360° as shown in Fig. 26.3 (a), then the bearing is called
afull journal bearing. This type of bearing is commonly used in industrial machinery to accommodate
bearing loads in any radial direction.

When the angle of contact of the bearing with the journal is 120°, as shown in Fig. 26.3 (b), then
the bearing is said to be partial journal bearing. This type of bearing has less friction than full
journal bearing, but it can be used only where the load is always in one direction. The most common
application of the partial journal bearings is found in rail road car axles. The full and partial journal
bearings may be called as clearance bearings because the diameter of the journal is less than that of
bearing.

Sliding contact bearings are used in steam engines
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When a partial journal bearing has no clearance i.e. the diameters of the journal and bearing are

equal, then the bearing is called a fitted bearing, as shown in Fig. 26.3 (¢).

The sliding contact bearings, according to the thickness of layer of the lubricant between the

bearing and the journal, may also be classified as follows :

1. Thick film bearings. The thick film bearings are those in which the working surfaces are
completely separated from each other by the lubricant. Such type of bearings are also called
as hydrodynamic lubricated bearings.

2. Thin film bearings. The thin film bearings are those in which, although lubricant is present,
the working surfaces partially contact each other atleast part of the time. Such type of bearings
are also called boundary lubricated bearings.

3. Zero film bearings. The zero film bearings are those which operate without any lubricant
present.

4. Hydrostatic or externally pressurized lubricated bearings. The hydrostatic bearings are those
which can support steady loads without any relative motion between the journal and the bearing.
This is achieved by forcing externally pressurized lubricant between the members.

26.4 Hydrodynamic Lubricated Bearings

We have already discussed that in hydrodynamic
lubricated bearings, there is a thick film of lubricant
between the journal and the bearing. A little
consideration will show that when the bearing is
supplied with sufficient lubricant, a pressure is build
up in the clearance space when the journal is rotating
about an axis that is eccentric with the bearing axis.
The load can be supported by this fluid pressure without
any actual contact between the journal and bearing.
The load carrying ability of a hydrodynamic bearing
arises simply because a viscous fluid resists being
pushed around. Under the proper conditions, this
resistance to motion will develop a pressure distribution
in the lubricant film that can support a useful load. The load supporting pressure in hydrodynamic
bearings arises from either

R . > -

Hydrodynamic Lubricated Bearings

1. the flow of a viscous fluid in a converging channel (known as wedge film lubrication), or

2. the resistance of a viscous fluid to being squeezed out from between approaching surfaces
(known as squeeze film lubrication).

26.5 Assumptions in Hydrodynamic Lubricated Bearings
The following are the basic assumptions used in the theory of hydrodynamic lubricated
bearings:
1. The lubricant obeys Newton's law of viscous flow.
The pressure is assumed to be constant throughout the film thickness.
The lubricant is assumed to be incompressible.
The viscosity is assumed to be constant throughout the film.
The flow is one dimensional, i.e. the side leakage is neglected.

N B

26.6 Important Factors for the Formation of Thick Oil Film in Hydrodynamic
Lubricated Bearings
According to Reynolds, the following factors are essential for the formation of a thick film of



""" . Power 4 “*'nﬁ‘v\mw '§ o"r\ b
| SEPTEMBER

| et AR

i ¥ 5 S

i 3 S 3
iV §

T A s ey Sy

-,S.E?ff@ati‘f;t

e e A b S e A S i st &

"c!, 1{““

EJ\&W_,S - :T).-"\'\\;.‘b) oS\ \AS’GC\ *\*t:) %mmnmﬁ. |
Pt N AL TN pumuﬁ foom o ome s Shadd: 4—0
i enaYhen . Sha Q*L 0:! . Ce::fngdmabk

odelance

!‘)"PL‘L\ Q“ c_\} 1!\!"(2_ e o :
1 Belt dmive . .2, Rope diwve.
R Choan c‘m\% - A Grea c!.:n\ve.. i

e Az s,

. Bett doive - ,Bexf_wdg;\ge;} o irsend 2o
"&:ncrr\gmﬁ- M= by neons. o-f _pu.LLe.aj&

2 Fettis Balt dawe - o\@'neae:h e
e bhanw o,fws.&\p

Typpz Of bel)‘ |
LFlot belt = Flad peolds jo 'h’\os:ﬂj ased
tn {-o.d-o:mq ® LOOﬁ'\KS\\OP‘S. whene  less

~Mouwnt O’f pPowen be +:r\c«h5md¥ccf
+mm O PUJ.
C:Yﬁ‘p'\e

Scanned with CamScanner



TREET

| [ R T e , N SEPTEMBER E,
5 ) 20:°21:22:23°24 . : e , e ‘ -
15 27°28.29 80 2017 § .

e Ml ' v 259 106

)/JJ)MQ—N;bm Yoo m/oc»\-\q, LLQGC“‘
W@mm e it
hopes . ohere..
/cihﬁ\a\-&ﬂi'\flcf—_@omf_mm\ F e kel Ao Qnﬁ
{ ZMKM%PA&L&%i__._. acNe ey MNEeaIN. 4—0 :

,’.

belt-

\///// A
' // N Dulkau
g \/‘G._‘EP o |

Typgc O'C—- _. bel“’(— .o‘::—\l‘\/\r-" —

1. ODe)n : ‘npu— n\:h\w = (’)Qe_m \qel'\? o\s«u;m "lQ’ g
uceo\ ~= A\’Hn <hodt co—o-\cwna(o) l‘-r\ )\ & i
i

b

; =ototivne N Ramne C\\J:nec—\-\m')(*,\ The dnpven
\PUJUU -Hngg e\ J—J"ln'vv\‘ Aovoes Q\QE_ Q.

\_égl\\/\enz ‘= ‘o 'Hr\e . Lu)Do-r Qde .. ol “\"he_,
;\ﬂ;Lan om Aoude <de A\JJ be  ~nome “Hhom
;\mz__«!jq,e_“%perwmée <The dnthen: <u>demm
1~ Callad ef-a'ngmm el ol P B ) agle g s
E\QPDP;-, ,q\de -'IQ Cmuh-\'f S\cxdjc g\de 17sumoar i

\r)e,b\" cl:n\\/Q T'V\ ('mqp io,“,;‘_,,fy ;

L :,‘ ‘.,

Scanned with CamScanner



s "y YRR A . ' _ : i
LB BT 8 1910 Ak : , - Tuesday

111("”41[11917 i b e ; i : o m
151920?12?73% : : : - :
20 27 28 28 .80 : _ i

PR

Pe2A08:

e \?m o

EPO ..4-,‘....-4—‘

e i g o e 0 o e e

wh@n —Hmc.\aneﬁssw_“o&ﬂ l:e_b\- \s,_.c_mns.\c\méc\

-f}ff»«mn . e
\LR J\L'L-., = .diat.
N L = AQ.‘.“"{:MW w;._.m%..._,.

P e e LN S —

N A e it I 7

Q\\P, = The _xynoten b - puuaj:_msk.s.,mmx’dsé
- 1O U0 - ri*J\\C:\“\O’X\(Ll a»'\\p B bt L.pu%
Bud _Some AHmes  Ahe ,f:-nc\—\owxo..lm,_%zn()w_;*
_bhecormes - less. @l cL\.xe._...-\-o Aare  AHhe  dmawven
31@+cth wavthout  caronying. the ekt m\‘\‘\‘
vk This ~ney. Cause  Sor Afowpamnd
ractor Cof dhe el m\%o\d—mmmgma
_Hhe .",c&m\\fe:n Puldery Wit A Thas 1g
- Calhed _._s.‘\\pm-,a-. _expriessed el .

';_.. 'DULQ_ —-\—o s.hp _5.[:_\_,,5{2.:!10” ,deo-ge,ompn :

A o « o el

i V'RW, M-Nam—;,,‘mdx MWL—:_A\ N

'59@? Nmf I 3 R

Scanned with CamScanner



Wednesday.

L 263:102

Lc::nij'\ c:wf— pun ‘ge./H E 2 G

__LC,: s *A‘ 'n'( 'D +d) gy

- : - e ool S
BT S0 ST, SO B o8 BN

RN TN  Die cng e 8&:%5?\0&*:‘-»%”_%%%: :
P < sk A _Dio_of S mc).,LLlJ_l _ 5\&&-:[-: ,»M%“

g mLe_ngm 0—4‘ CD‘\05Q \op l+—- yng“ | Z ,‘.Zi ik "

e = 20—t ]T('Drtd) (D)t

4 - - [}

Pl i ius,_o_:.tzc:c

' Qr&-r("; o~f» -Jr'e'r\Q;O’Y\Q r(-o::n Hnd‘-z : &;el)(:“ s %

N(w)

%l'no/ = D

g . N

-
b
o

Scanned with CamScanner



RER i) BRI 2 . Thursday

;. p
o 13 ‘M 1(3 1(:\ ar - : : .

,,, 9t) zr 2620 80 -

e
i,

264-101 el

e

PO e —
)

, Cov\s \d{nm- o Ndmsvah,-PuM%_,@@ﬁn BE
“/; ACL) _Adimection. )

T Lk s@m,_m_q__/_ RO < ¢
M= Coedl woisz:mtc:hth..x_.:%a be:\,M

coe N ..__.fho:nmoﬂ @r\eae*

AT

T Te*ng\mm aba AR b cxc-Le o
./’.4_”,..”_,..”-.,” g B &“-“———: T—Q_“Q\Om ‘n S lac, AQ/

co = cm\q\g ot Lap = LYY I
o:ms»:l@:\,,.,o\, Srould e\emeM P@.
'T%e_ b&\LEC-Q .._*\S_* \n,_ﬁ_a\uq.\\\_-ﬁ\\um /tmo\u—\ Moo o
,}o\lowu\o . Cod -~
1  Tension. T im _belt adt Pe = M4
5. Terndiom . (4+8T) n bell a& @

_3-_.- s f\\Bﬁ‘lmc:.L__ me,Q\C_)rv' N 1, 1A
4. Fsnx Xoxm fomce F = .U[\\ ::

! EETAL T L
,{1 ] ."_ |.f ?J ‘f 3% 1.2 4

— R:m_ﬂ_éqw\JsLSWLAmm_ZH =0 A ‘
N T 24 8@ — (T ST s\ S;C_o__ -0
R .

mT_ T 58 Ls Vens mejj D LN
! mSH\ 204 =80 /5: i g

'j‘;" . i | v 7l . ‘ Q | l P o % ¢ 'j'\' { _/j",_ :;
b TRy - T s'fzo AD (T + .s 7)< S
W ’ 0

:"' o - T..8® —4— T Sm ,_‘_ ST,g/
g .—_,MJ”.“S@ f L R

2 ginete o g
1'_{; Sopane 3
: Yo

U & S

Scanned with CamScanner



Friday

SEpTEM

R

245.100

P Tees o R

F' - (T+ g*r) Cos gco — T Cos 8O

Jl.AN = ST (FelA gco
T (oot fo 1 res
DD 8@ MR ey Sined) 2 COSI8W =il T

= ST

N_= g"r g P (D) e ol
m_megmna Q) e C’Z._J

——

.<, ik " T

_.__I'n. QA:L _bU'H’\ \A,p T
“3? :ﬂo_.@ E %MM&

ot " ST sl f BAECY. 3 i

£y

Q'TQ , Ja - sty

17 N

ly\ "T.l _A——‘,\Y\ T = | M(Q_.o)

B

Scanned with CamScanner



e

WW.JJ\WTL“_“ ,,u(g__ el T
ey L

L s e

%'"”“““""'Pn"mm = W Q?LK::\mnq___pgz_Sgcdns}____
S g == | FOI\C.Q‘-.')S_.C\_A_Sianz. .
‘ Ty =3 ) X\~
~ \re}«ou*}j
I - IE G S WV e

i ; - <o ¢ FF { ; .' - _j

_Effect ol (‘ew’cs{\fu%u Jengion o Paune ==

Tengiom n Jr\qh-\- ade = T T¢
come A O = e S ‘Skuc\( 1 - 'TQ +'|;

" .
"'I‘f'v‘u P8 R

Poweﬂ o C(Tt +TA-—- ( 'T'q 4 Tc\ —( \/

- ‘&T}'— ._..._:'Ti},w,,,:\/._,.‘--) —— rw 0% i "w;

. i
bl et 245u~mv

Yy No e—(—l—pcA off-‘ Te OGn PaLd.en ’\"‘B\AY\QY"\\'“'ch

- A A |

*\'e'nsmm m- be)* (’ﬂ +T¢')

Scanned with CamScanner




e ———

TRl ST T - Y

e, &

TR D eas TIAY
PHCh eoh Ao ¥

-’ '-‘—v-'—'—","‘" ———— e IS

o = V—beﬂ— __' L = eo-.uc,oseca(

S TERR DS TA B AT, G R A

A T F_S =
SEPTEMBER M

2 5 Monday

L.«—-u.-—-v .

268-097 # Ao 72

et e ,.__._._..q.. ——
,.‘_..._.-.__.__. —— e -

SEPTEMBER' 17
®
®
*

it e =

wndﬁ’m“ﬂ-—é’\’ kaX__ Posen — m-,;,'_w :

e Tiaz= 2 Te B
”L"‘””“"Pm“x“‘*—imnc«@/ D). Grod
- 10 '..__,._-———-—-——-""
_._UJMLC Ty 1 —T L =

{, .1 - TS _

o oo Q('lei;\n Leldt. ©. = \RQ ' — 2 rc S

Fam Covrad kel (@ = 480 .2 syl t=rs > ¢ ol

Cid AAmHnQ:M ml— \/ = kJr : CJ\/E}’\ »{d‘c&—rbd-kl;‘: )

4\ L__M&\hea_du:ka'nca k/m S\\&Rﬂ— < m@e@w_-\ﬂneni

Vi beht T s - ‘hotren - Mg Hak belt -

Moe'\p porOen Caomnm  Be +310h$“\;‘\‘\'€e\ \5‘\} &

'\!‘»bel"c a

V3 . -
~.£ !

(3R] \f_.'\ :

,g,“__mqme_:_\hcam_gne }m\‘\-j con L,p U(Qe d P
‘ ~~__:v:mc;r_rn:,._{;,m,gea‘\ NONRSION s n e e ’3_._- ’,._;.

Lg\‘wlgnp -VLQ_ j\‘h:‘)'_\:\_s \C__S_Cﬁ__S—“P -Fos\ \J ~ _ RN |

Scanned with CamScanner

\ wresriinemaan

il b im i ah | bion o il bt s il N it



Y

6 7

1920 21 22

EPTENRER 1

§
Ve

SEPTEMBER
- .. Tuesday

2017 §

\

lLesS _mplse (< qme;—\;,de '\- ;

Jsgdygn:‘ccmL
f/ﬁam e Peiryhe d.ugﬂzznczg__,AI_bQA
cLS:u\m__Co&r\:x_\n:\: he. (Lifbl

(T(_dﬂ?n )

%__Le$< me);a\s] e

L__an\iwﬂu&lt_:m_m et Q3 -

QLQ-\ ‘\\/&, ~ . ,
Rope 18 (sed 1‘Y1@-r=q€l ot bel-l—
(‘\L! Q“fm e b}\D 2 "\CLH l - h‘nQ L

Nide=mon e P"’ e Le Ao \oeo +:rnmm\3r\-cn\'

Rape-

2

tnhe“n
an e .

\/\ene Hhe = of -Hae DKJXE%__!A__%MM_

lJJ\MC)m ‘e Sope  owmng -
'W\e_ pA—\—eo—\— o—j— asacve

TTW

\Q"‘—_D

4. Used La\r\e,\h ane cbc’@nnc,e th; s\'\a%—t

Q—-‘E;F\Qe—\——ncxha) qs*'\\D 1Q m o e
2. The ~xes= :nnumq Sension 1S

Scanned with CamScanner

S g Vvl oo cdon b

i

-

l‘hcmqu_( :
O'n anQ

i
i
'Vﬁ
e,
1'

e ¥
aor %y pr -v.'.-..~.,-..-.'

; P ~ w
w& P Lot ot oy 1o 2y St FAE aTlsr
‘ S & o, o = et ee TR PO et -

l

1
\.
I
R
S
_.:‘
=
1
-l
1

£~

Al
T4
-y



: ; \T;Eege_;_;___ U :

L; e o S .
t‘“g‘_@_);;(!%”. o bty

il
p—

Segernt -‘ - - C/—WE‘*A'»‘?)S‘ v\ y C-B‘LD % Lp l_b_.

!
7:3
’fé

caontt ISy R T XMl

PR

I Y TT(*D—%—:U 5 CD.q.,m
g » S AN

e ————
-

= 2x1.9C & ﬁ(o.qs*_m-zve |

______‘_,..__.‘!
s

o (DT Aea R )
£ X 1.5

b A g e

g

le = 4.99S m _ x>

Con-toec mmn/\z =2 L\ ol = f-]Q_) C—;—l =]

R T L@@ iy

Scanned by CamScanner



D P e B 26D 2pm

M=0.2¢ @ = \&0" zjrsc.mA,

»Tmn'x __‘2(—6'13 N

ANz TAN = T0X Lom X 20D¥1S o
' &n CO

N[ = ¢.2% i<

ST ' A i'ia)
Accume Ahe condabonn  Od- ey pater -

= Tymax = g i N

2

T
&

= Tanox = e = NCOLEL G KL

T e B 6 > \66C . 6F :eo'»z-s’* e

Ta s

- g23.F N

Scanned by CamScanner



A= Senvewm o, = S

N 2oizgpm 2 & 2 66 E 9.Fasug.
LY U1 TS e, - < \ gfvn,lgmz

b= o G = 20 N fe

M= TN = TIxSonr Acuwig?

N AL LV e
T e 2 = (\TL—Tg‘) \f ok se
i s X1 AT, _-T%B RO AR ep i

1
e
\}

Scanned by CamScanner



T = v 4 N
P Ty R B IRB0iR: N

‘ot Tar = G X A L B T o
Trag = 22X BX6E = \2 b -

e S AT Ll
L \2b - 23320-4 ‘& L'Lb

e = 'T“ﬁ\] f\/ X\IL B
= Lx\c)3 xm'&/x L@ﬁﬁxbx G X Ll« L?

Scanned by CamScanner



jxample 11.11. An open belt drive connects two pulleys 1.2 m and 0.5 m diameter, on
parallcl shafts 4 metres apart. The mass of the belt is 0.9 kg per metre length ””(_{ the maximum
tension is not 10 exceed 2000 N.The coefficient of friction is 0.3. Thef 1.2 m pulle'_\". which is the driver
yuns at 200 r.p.m. Due 10 belt slip on one of the pulleys, the velocity of the driven shaft is only 450

r.p.m. Calculate the torque on each of the two shafts, the power transmitied, and power lost in
friction. What is the efficiency of the drive ?

Solution.Given : d, =12morr, =0.6m;d,=0.5morr,=025m;x=4m:m=0.9kg/m;
7=2000N;u=0.3;N,=200rp.m.; N, =450 rp.m.

We know that velocity of the belt,

_md.N;, mx1.2x200
60 60
and centrifugal tension, Te = my?=09(12.57)* = 142N

.. Tension in the tight side of the belt.

Vv

=12.57 m/s

T,=T-T.=2000-142=1858 N
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RPN bk 1 06 40"5-—00875 or o.=502" .
' X :

. Angle of lap on the smaller pullcv

9= 180° -~ = 180° - 2 % 5.02° = 169.96°
= 169.96 x n/ 180 = 2.967 rad

Let | T, = Tension in the slack side of the belt.
We know that

{1 )

23log| = |= 1.0 =0.3x 2.967 = 0.8901
2 )
TR
tog| 1 |< 98901 _ 387 or Ji_ 2438
<y 23 T,

..{Taking antilog of 031,

T, _ 1858

T, = =T762N
- '7438 2438

Torgue on the shaft of larger pulley
We know that torque on the shaft of larger pulley,
I, =(T,-T,) r,=(1858 - 762) 0.6 = 657.6 N-m  Ans.
Torgue on the shaft of smaller pulley
We know that torque on the shaft of smaller pulley,
Ty =(T,-T,)r,=(1858 - 762) 0.25=274 N-m  Ans.
Power transmitted
We know that the power transmitted,
P =(T,-T,) v= (1858 - 762) 12.57 = 13780 W
= 13.78 kW Ans.
Power lost in friction
We know that input power,

I, 2N,  657.6x2nx2
RE 60" 0 - 13780W = 13.78kw

Bw Isx2n N, =274 x2nx 450
60 60
. Power lost in friction = =P -P,=1378-1291 = 0.87 kW Ans.
E ﬂ’ iciency of the drive

We know lhal effi iciency of the drwc.

- and output power, =12910W " 1291kW

e OU'PUl power 12,91 '
Ty h}p“£_powcr 13 78 0937 & 937‘7"' Ans.
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Differences between flat belt drive and V-belt drive

Flat Belt Drive

VV-Belt Drive

. Flat belts have a rectangular cross-section,
where width of belt is much larger than
thickness.

. The pulleys for flat belt drive is cylindrical
type. These are simple in construction and
thus cheaper.

. Only one surface of the belt remains in
contact with the pulley.

. Flat belts can be used for transmitting power
to a long center distance (even up to 15m).

. It can be used either in open belt
configuration or in crossed belt configuration.

. Slip between the belt and pulley occurs
frequently in flat belt drive.

. Flat belts are jointed (hinged), so their
operation is noisy.

. V-belts have a trapezoidal cross-section,

where maximum width is almost same with
the thickness.

. Pulleys must contain V-slot in the periphery

having slot angles compatible with that of the
belt. Thus these pulleys are costlier.

. Two inclined surfaces continuously remain in

contact with the pulley.

. V-belt drive is suitable for power transmission

in short center distance (usually below 1m).

. V-belt is always used in open belt

configuration.

. Due to higher friction force for wedge action,

slip reduces, especially in low speed.

. V-belts are endless, so their operation is

quite.

www difference. minaprem.com




Advantages and Disadvantages of
Chain Drive over Belt or Rope Drive

Advantages

1. As no slip takes place during chain drive, hence perfect velocity ratio is obtained.
2. Since the chains are made of metal, therefore they occupy less space in width than
a belt or rope drive.

3.

ol s R

It may be used for both long as well as short distances.

It gives a high transmission efficiency (upto 98 percent).

It gives less load on the shafts.

It has the ability to transmit motion to several shafts by one chain only.

It transmits more power than belts.

It permits high speed ratio of 8 to 10 in one step.

It can be operated under adverse temperature and atmospheric conditions.

Disadvantages

1. The production cost of chains is relatively high.

2. The chain drive needs accurate mounting and careful maintenance, particularly lubrication
and slack adjustment.

3. The chain drive has velocity fluctuations especially when unduly stretched.



Comparison of belt ,chain and gear drive:- ="

particulars

Belt drive

Chain drive

" Gear drive

7 Main elements

Pulleys, belt

sprockets ,chain

Gear

» Slip Slip may occurs No slip (Positive No slip (positive
drive) dive)

» Suitability For large centre For moderate centre | For short centre
distance distance distance

» Space requires large Moderate less

» Design Simplest Simple Complicated

» Failure Failure of beltsdoes | Failure of chain may | Failure of gear may
not cause the further | not seriously damage | cause serious break
damage of machine |the machine down in the machine

»  Life Less Moderate Long

# Lubrication Not required Require Require proper

» Installation cost Less Moderate More

» Use For low VR For moderate VR For high VR

eg. Use as a first drive in Bicycle gear boxes
transmission Automobile automobile



12.3. Advantages and Disadvantages of Gear Drive

The following are the advantages and disadvantages of the gear drive as compared to belt,
rope and chain drives :
Advantages

1. It transmits exact velocity ratio.

2. It may be used to transmit large power.

3. It has high efficiency.

4. It has reliable service.

5. It has compact layout.
Disadvantages

1. The manufacture of gears require special tools and equipment.
2. The error in cutting teeth may cause vibrations and noise during operation.
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3. According to the type of gearing. The gears, according to the type of gearing may be
classified as :

(a) External gearing, (b) Internal gearing, and (c) Rack and pinion.

In external gearing, the gears of the two shafts mesh externally with each other as shown in Fig.
12.3 (a). The larger of these two wheels is called spur wheel and the smaller wheel is called pinion. In
an external gearing, the motion of the two wheels is always unlike, as shown in Fig. 12.3 (a).

(a) External gearing. (b) Internal gearing.

Fig. 123 Fig. 12.4. Rack and pinion.

In internal gearing, the gears of the two shafts mesh internally with each other as shown in
Fig. 12.3 (b). The larger of these two wheels is called annular wheel and the smaller wheel is called
pinion. In an internal gearing, the motion of the two wheels is always like, as shown in Fig. 12.3 (b).



4. According to position of teeth on the gear surface. The teeth on the gear surface may be
(a) straight, (&) inclined, and (¢) curved.

We have discussed earlier that the spur gears have straight teeth where as helical gears have
their teeth inclined to the wheel rim. In case of spiral gears, the teeth are curved over the rim surface.

Internal gears Rack and pinion

12.5. Terms Used in Gears

The following terms, which will be mostly used in this chapter, should be clearly understood
at this stage. These terms are illustrated in Fig. 12.5.

Addendum circle
Addendum

Dedendum Pitch surface element

Working depth

[ Pitch circle

Tooth fhicknass

Circular pitch— \ >\ .
Total depth Tooth space _/‘
Root or dedendum circle
Clearance or
working depth circle

Clearance
Fig. 12.5. Terms used in gears,

1. Pitch circle. It is an imaginary circle which by pure rolling action, would give the same
motion as the actual gear.

* A straight line may also be defined as a wheel of infinite radius.
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2. Pitch circle diameter. 1t is the diameter of the pitch circle. The size of the gear is usually
specified by the pitch circle diameter. It is also known as pitch diameter.

3. Pitch point. It is a common point of contact between two pitch circles.

4. Pitch surface. 1t is the surface of the rolling discs which the meshing gears have replaced
at the pitch circle.

5. Pressure angle or angle of obliquity. It is the angle between the common normal to two
gear teeth at the point of contact and the common tangent at the pitch point. Itis usually denoted by ¢.
The standard pressure angles are I4l2° and 20°.

6. Addendum. Itis the radial distance of a tooth from the pitch circle to the top of the tooth.

7. Dedendum. Itis the radial distance of a tooth from the pitch circle to the bottom of the tooth.

8. Addendum circle. It is the circle drawn through the top of the teeth and is concentric with
the pitch circle.

9. Dedendum circle. 1t is the circle drawn through the bottom of the teeth. It is also called
root circle.

Note : Root circle diameter = Pitch circle diameter x cos ¢, where ¢ is the pressure angle.

10. Circular pitch. 1t is the distance measured on the circumference of the pitch circle from
a point of one tooth to the corresponding point on the next tooth. It is usually denoted by P
Mathematically,

Circular pitch, p. = =D/T
where D = Diameter of the pitch circle, and
T = Number of teeth on the wheel.

A little consideration will show that the two gears will mesh together correctly, if the two
wheels have the same circular pitch.

Note: If D, and D, are the di s of the two meshing gears having the teeth T, and 7, respectively, then for
them to mesh correctly,

D _nD, D _T
L T D, T

(3

11. Diametral pitch. 1t is the ratio of number of teeth to the pitch circle diameter in millimetres.
Itis denoted by p,, . Mathematically,

T = D
Diametral pitch, Pa = D = P—c [ P = ?]
where T = Number of teeth, and

D = Pitch circle diameter.

12. Module. 1t is the ratio of the pitch circle diameter in millimeters to the number of teeth.

It is usually denoted by m. Mathematically,
Module, m = DIT

Note : The recommended series of modules in Indian Standard are 1, 1.25, 1.5, 2, 2.5, 3,4, 5, 6, 8, 10, 12, 16,
and 20. The modules 1.125, 1.375, 1.75, 2.25,2.75, 3.5, 4.5, 5.5, 7, 9, 11, 14 and 18 are of second choice.

13. Clearance. It is the radial distance from the top of the tooth to the bottom of the tooth, in
a meshing gear. A circle passing through the top of the meshing gear is known as clearance circle.

14. Total depth. 1t is the radial distance between the addendum and the dedendum circles of
a gear. It is equal to the sum of the addendum and dedendum.
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15. Working depth. 1t is the radial distance from the addendum circle to the clearance circle.
Itis equal to the sum of the addendum of the two meshing gears.

16. Tooth thickness. It is the width of the tooth measured along the pitch circle.

17. Tooth space . Itis the width of space between the two adjacent teeth measured along the pitch
circle.

18. Backlash. 1t is the difference between the tooth space and the tooth thickness, as mea-
sured along the pitch circle. Theoretically, the backlash should be zero, but in actual practice some
backlash must be allowed to prevent jamming of the teeth due to tooth errors and thermal expansion.

19. Face of tooth. It is the surface of the gear tooth above the pitch surface.

20. Flank of tooth. 1t is the surface of the gear tooth below the pitch surface.

21. Top land. Tt is the surface of the top of the tooth.

22. Face width. It is the width of the gear tooth measured parallel to its axis.

23. Profile. 1t is the curve formed by the face and flank of the tooth.

24. Fillet radius. 1t is the radius that connects the root circle to the profile of the tooth.

25, Path of contact. 1t is the path traced by the point of contact of two teeth from the
beginning to the end of engagement.

26. *Length of the path of contact. 1t is the length of the common normal cut-off by the
addendum circles of the wheel and pinion.

27. **Arc of contact. It is the path traced by a point on the pitch circle from the beginning
to the end of engagement of a given pair of teeth. The arc of contact consists of two parts, i.e.

(a) Arc of approach. 1t is the portion of the path of contact from the beginning of the
engagement to the pitch point.

(b) Arc of recess. Itis the portion of the path of contact from the pitch point to the end of the
engagement of a pair of teeth.

Note : The ratio of the length of arc of contact to the circular pitch is known as contact ratio i.e. number of pairs
of teeth in contact.

12 L Name Mabarvials



12.16. Length of Path of Contact

Consider a pinion driving the wheel as shown in Fig. 12.11. When the pinion rotates in
clockwise direction, the contact between a pair of involute teeth begins at K (on the flank near the
base circle of pinion or the outer end of the tooth face on the wheel) and* ends at L (outer end of the
tooth face on the pinion or on the flank near the base circle of wheel). M N is the common normal at
the point of contacts and the common tangent to the base circles. The point K is the intersection of the
addendum circle of wheel and the common tangent. The point L is the intersection of the addendum
circle of pinion and common tangent.

0,

Base circle
; Pitch circle

[Base Pitch circle
circle

Fig. 12.11. Length of path of contact.

* If the wheel is made to act as a driver and the directions of motion are reversed, then the contact between
a pair of teeth begins at L and ends at K.
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We have discussed in Art. 12.4 that the length
of path of contact is the length of common normal cut-
off by the addendum circles of the wheel and the pinion.
Thus the length of path of contact is K'L which is the sum
of the parts of the path of contacts KP and PL. The part
of the path of contact KP is known as path of approach
and the part of the path of contact PL is known as path
of recess.

Let ry, = O,L = Radius of addendum

circle of pinion,

R, = 0,K = Radius of addendum
circle of wheel,
r = O,P = Radius of pitch circle of Bevel gear
pinion, and
R = 0,P = Radius of pitch circle of
wheel.

From Fig. 12.11, we find that radius of the base circle of pinion,
OM=0Pcos¢=rcos
and radius of the base circle of wheel,
O,N =0,Pcos ¢ =R cos ¢
Now from right angled triangle O,K'N,

KN = (0:K) = (O,NY? = (R, )’ - R*cos? ¢

and PN = 0,Psin¢ = Rsin¢
. Length of the part of the path of contact, or the path of approach,

= = 2 2 2 4
KP=KN - PN =/(Ry)" - R* cos’¢ — Rsin¢

Similarly from right angled triangle O, ML,

and ML= J(O,L) - (OM)? = \J(r,* - rPcos* &
MP = O\Psin¢ = rsin¢
Length of the part of the path of contact, or path of recess,
PL =ML - MP =/(ry)* - r* cos’¢ — rsin¢
-~ Length of the path of contact,

KL= KP + PL = J(R\)* = R? c0s20 + J(ry)? = 1% cos2¢ — (R + r)sind
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12.17. Length of Arc of Contact

We have already defined that the arc of contact is the path traced by a point on the pitch circle
from the beginning to the end of engagement of a given pair of teeth. In Fig. 12.11, the arc of contact
is EPF or GPH. Considering the arc of contact GPH, it is divided into two parts i.e. arc GP and arc
PH. The arc GP is known as arc of approach and the arc PH is called arc of recess. The angles
subtended by these arcs at O, are called angle of approach and angle of recess respectively.
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We know that the length of the arc of approach (arc GP)
_ Length of path of approach  KP

cosd - cos
and the length of the arc of recess (arc PH)

_ Length of path of recess _ PL
cosQ cos

Since the length of the arc of contact GPH is equal to the sum of the length of arc of approach
and arc of recess, therefore,
Length of the arc of contact

KP PL KL

=arc GP + arc PH = =
cos¢ cosd cosd

_ Length of path of contact
cosd

12.18. Contact Ratio (or Number of Pairs of Teeth in Contact)

The contact ratio or the number of pairs of teeth in contact is defined as the ratio of the
Iength of the arc of contact to the circular pitch. Mathematically,
Contact ratio or number of pairs of teeth in contact
_ Length of the arc of contact

Pe
where p. = Circular pitch = tm, and

m = Module.
Notes : 1. The contact ratio, usually, is not a whole number. For example, if the contact ratio is 1.6, it does not
mean that there are 1.6 pairs of teeth in contact. It means that there are alternately one pair and two pairs of teeth
in contact and on a time basis the average is 1.6.
2. The theoretical minimum value for the contact ratio is one, that is there must always be at least one
pair of teeth in contact for continuous action.

3. Larger the contact ratio, more quietly the gears will operate.



2. Differential gear of an automobile. The differential gear used in the rear drive of an
automobile is shown in Fig. 13.21. Its function is

(@) to transmit motion from the engine shaft to the rear driving wheels, and

(b) to rotate the rear wheels at different speeds while the automobile is taking a turn.

As long as the automobile is running on a straight path, the rear wheels are driven directly by
the engine and speed of both the wheels is same. But when the automobile is taking a turn, the outer
wheel will run faster than the * inner wheel because at that time the outer rear wheel has to cover more
distance than the inner rear wheel. This is achieved by epicyclic gear train with bevel gears as shown
in Fig. 13.21.

The bevel gear A (known as pinion) is keyed to g{,‘;‘:e"e\'.r A
the propeller shaft driven from the engine shaft through LW
universal coupling. This gear A drives the gear B (known . Arm
as crown gear) which rotates freely on the axle P. Two Reagaxle 2-D_Rear axle
equal gears C and D are mounted on two separate parts P {
and Q of the rear axles respectively. These gears, in turn, Eq-;_p. SHHE—Q-§-
mesh with equal pinions £ and F which can rotate freely
on the spindle provided on the arm attached to gear B. &he{ﬂ/

When the automobile runs on a straight path, the Wheel ¢ Spindle
gears C and D must rotate together. These gears are rotated »

rm

through the spindle on the gear B. The gears £ and F do
not rotate on the spindle. But when the automobile istaking  Fig, 13.21. Differential gear of an automobile.
a turn, the inner rear wheel should have lesser speed than
the outer rear wheel and due to relative speed of the inner and outer gears D and C, the gears Eand F
start rotating about the spindle axis and at the same time revolve about the axle axis.

Due 1o this epicyclic effect, the speed of the inner rear wheel decreases by a certain amount
and the speed of the outer rear wheel increases, by the same amount. This may be well understood by
drawing the table of motions as follows :

*  This difficulty does not arise with the front wheels as they are greatly used for steering purposes and are
mounted on separate axles and can run freely at different speeds.



13.9. Compound Epicyclic Gear Train—Sun and Planet Gear

A compound epicyclic
gear train is shown in Fig. 13.9.
It consists of two co-axial shafts
§,and S,, anannulus gear A which
is fixed, the compound gear (or
planet gear) B-C, the sun gear D
and the arm H. The annulus gear
has internal teeth and the com-
pound gear is carried by the arm
and revolves freely on a pin of the
arm H. The sun gear is co-axial
with the annulus gear and the arm
but independent of them.

The annulus gear A
meshes with the gear B and the
sun gear D meshes with the gear
C. It may be noted that when the
annulus gear is fixed, the sun gear
provides the drive and when the
sun gear is fixed, the annulus gear

Output Belt Pulley

Oil

Speed Change
Collector

Shift Axis
Bearing Housing Planet
Gears

“~.. Motor
Flange
Slide Dog
Clutch
Qutput Sun
Gear

Sun and Planet gears.

provides the drive. In both cases, the arm acts as a follower.

Note : The gear at the centre is called the sun gear and the gears whose axes move are called planet gears.

Annulus
Compound gear (A)

gear

_E,.q_‘_-

Arm (H)—» /

Sun gear (D)

Fig. 13.9. Compound epicyclic gear train.
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Example 18.2. A Porter governor has equal arms each 250 mm long and pivoted on the axis
of rotation. Each ball has a mass of 5 kg and the mass of the central load on the sleeve is 25 kg. The
radius of rotation of the ball is 150 mm when the governor begins to lift and 200 mm when the
governor is at maximum speed. Find the minimum and maximum speeds and range of speed of the
governor.

Solution. Given : BP = BD =250 mm = 0.25m ; m =5 kg ; M = 15 kg ; r; = 150 mm
=0.15m; r,=200 mm = 0.2 m

(a) Minimum position. (b) Maximum position.

Fig. 18.5
The minimum and maximum positions of the governor are shown in Fig. 18.5 (a) and (b)
respectively.
Minimum speed when r,= BG = 0.15 m
Let N, =Minimum speed.
From Fig. 18.5 (a), we find that height of the governor,

h = PG = \|(PB)® — (BG)® =+(0.257 — (0.15)> =0.2m

‘We know that

(N1)2 :m+M ><895:5+15x895
m h, 5 0.2
N,=133.8 rp.m. Ans.

Maximum speed when r,= BG =0.2 m

=17 900

Let N, =Maximum speed.
From Fig. 18.5 (b), we find that height of the governor,

hy, = PG = \(PB)® — (BG)® =4(025)> — (0.2)> =0.15m
We know that

(N2)2=m+M><895:5+15>< 895 —13867
m hy 5 0.15
N, = 154.5 r.p.m. Ans.
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Range of speed
We know that range of speed
=N,-N,=154.4-133.8=20.7 r.p.m. Ans.

Example 18.3. The arms of a Porter governor are each 250 mm long and pivoted on the
governor axis. The mass of each ball is 5 kg and the mass of the central sleeve is 30 kg. The radius
of rotation of the balls is 150 mm when the sleeve begins to rise and reaches a value of 200 mm for
maximum speed. Determine the speed range of the governor. If the friction at the sleeve is equivalent
of 20 N of load at the sleeve, determine how the speed range is modified.

Solution. Given : BP =BD =250 mm ; m =5 kg ; M =30kg ; r,= 150 mm ; r, = 200 mm

First of all, let us find the minimum and maximum speed of the governor. The minimum and
maximum position of the governor is shown in Fig. 18.6 (a) and (b) respectively.

Let N,=Minimum speed when r, =BG = 150 mm, and

N,=Maximum speed when r,=BG =200 mm.

(a) Minimum position. (b) Maximum position.
Fig. 18.6
Speed range of the governor

From Fig. 18.6 (a), we find that height of the governor,

I = PG =|(PB — (BG)® =+/(250)> — (150)> =200 mm = 0.2 m

We know that
(N1)2 =m+M x895=5+30x895=31325
m h, 5 0.2
N,= 177 r.p.m.

From Fig. 18.6 (b), we find that height of the governor,

h, = PG = \/(PB)2 - (BG)* = \/(250)2 — (200)*> =150 mm =0.15 m
We know that
N, _m+M 895 5+30 895
m h, 5 0.15

N,=204.4 rp.m.
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We know that speed range of the governor
=N,-N,=204.4-177 =274 r.p.m. Ans.

Speed range when friction at the sleeve is equivalent of 20 )
N of load (i.e. when F = 20 N)

We know that when the sleeve moves downwards,
the friction force (F) acts upwards and the minimum speed is
given by

2_m.g+(M.g—F)X895
m.g hy

(Np)

_5x981+(30x981-20) 895 _
5%9.81 2 :
N,=172rpm. | ——

We also know that when the sleeve moves upwards,
the frictional force (F) acts downwards and the maximum
speed is given by

, m.g+M.g+ F) 895 | A series 6f hydel generators.
(Nz) = X

m.g hy Note : This picture is given as additional
information and is not a direct example of
the current chapter.

_ 5x%9.81+ (30 x9.81 + 20) « 895 — 44200
5x9.81 3
N,=210r.p.m.
We know that speed range of the governor
=N,—-N,=210-172 =38 r.p.m. Ans.

Example 18.4. In an engine governor of the Porter type, the upper and lower arms are 200 mm
and 250 mm respectively and pivoted on the axis of rotation. The mass of the central load is 15 kg,
the mass of each ball is 2 kg and friction of the sleeve together with the resistance of the operating
gear is equal to a load of 25 N at the sleeve. If the limiting inclinations of the upper arms to the
vertical are 30° and 40°, find, taking friction into account, range of speed of the governor.

Solution . Given : BP=200mm=02m ; BD=250mm=025m ;M =15kg;m=2kg;
F=25N;a,=30° a,=40°
First of all, let us find the minimum and maximum speed of the governor.

The minimum and maximum position of the governor is shown Fig. 18.7 (a) and (b)
respectively.

Let N,=Minimum speed, and
N,=Maximum speed.
From Fig. 18.7 (a), we find that minimum radius of rotation,
r,=BG=BPsin30°=0.2x0.5=0.1 m
Height of the governor,
h,=PG = BP cos 30°=0.2 x 0.866 =0.1732 m
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DG = \|(BD)* — (BG)® =+/(0.25) — (0.1)> =0.23m
tan B, = BG/DG = 0.1/0.23 = 0.4348

tan o, = tan 30° = 0.5774

_ tan B;  0.4348
D ana, 05774

and

and

=0.753

All dimensions in mm.
(@) Minimum position. (b) Maximum position.
Fig. 18.7
We know that when the sleeve moves downwards, the frictional force (F) acts upwards and

the minimum speed is given by

M.g - F
g+ —— |+
mg( 5 )( ql)xg95

N,)? =
) m.g hy
2x9.81 + [15><9.§1—24)(1 +0.753) s
- X =133596
2%9.81 0.1732
N,=183.3rp.m.

Now from Fig. 18.7 (b),we find that maximum radius of rotation,
r,=BG=BPsin40°= 0.2x0.643 =0.1268 m

Height of the governor,
h,=PG = BP cos 40° = 0.2 x 0.766 = 0.1532 m

DG =(BD)* - (BG)> = (025" — (0.1268)* = 0.2154 m
tan B, = BG/DG = 0.1268 / 0.2154 = 0.59
tan o, = tan 40° = 0.839

and

and

_tanfB,  0.59 0703

“ " ana, 0839
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We know that when the sleeve moves upwards, the frictional force (F) acts downwards and
the maximum speed is given by

m.g + F
m.g +(g2)(1+q2)

= 895
m.g h,
2 %981 +(15X9'81+24) 1+0703)
— X = 49 236
2% 981 0.1532
N,=222 rp.m.

We know that range of speed
=N,—N,=222-183.3 =38.7 r.p.m. Ans.

Example 18.5. A Porter governor has all four arms 250 mm long. The upper arms are
attached on the axis of rotation and the lower arms are attached to the sleeve at a distance of 30 mm
from the axis. The mass of each ball is 5 kg and the sleeve has a mass of 50 kg. The extreme radii of
rotation are 150 mm and 200 mm. Determine the range of speed of the governor.

Solution. Given : BP = BD = 250 mm ; DH = 30 mm ; m = 5 kg ; M = 50 kg ;
r, =150 mm ; r, = 200 mm

First of all, let us find the minimum and maximum speed of the governor. The minimum and
maximum position of the governor is shown in Fig. 18.8 (a) and (b) respectively.

(@) Minimum position. (b) Maximum position.

Fig. 18.8
Let N, =Minimum speed when r,= BG =150 mm ; and
N,=Maximum speed when r, =BG =200 mm.

From Fig. 18.8 (a), we find that height of the governor,

Iy = PG = \[(BP)> — (BG)® =+/(250)> — (150)* =200 mm = 0.2 m
BF =BG - FG =150-30= 120 mm ...( FG=DH)
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and DF = \(DB)? — (BF)* =+/(250)* — (120)* =219 mm
- tan &, = BG/PG = 150/ 200 = 0.75
and tan B, = BF/DF = 120/219 = 0.548
g ol 0548 o
tan o,  0.75
m+ ™ (144 c05 S5+ 30 1+ 0731) -
We know that ~ (N,)? = 2 2 - 2 x 222 = 43206
m I 5 0.2

=208 r.p.m.
From Fig. 18.8(b), we f1nd that height of the governor,

hy = PG=1](BP)* —(BG)* =/(250)> —(200)? =150mm =0.15m
BF = BG - FG =200 - 30 = 170 mm

and DF=\/(DB)2 —(BF)* =\/(250)2 ~(170)* =183 mm

& tan o,,= BG/PG = 200/150 = 1.333
and tan B,= BF/DF = 170/183 = 0.93

_ tanf, 093
= ana, 1333

We know that

M
m+—(l+g,) 895 (1+O7) 895

(N, =—2 x =56 683
m h, 5 O 15

3 N,=238 rp.m.
We know that range of speed
=N,—N,=238 -208 =30 r.p.m. Ans.
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