LOWER PAIRS

~3.1 INTRODUCTION

[n this chapter. we shall study the various mechinism for the generation of straight and intermittent motion.
These mechanisms play a vital role in generating the configurations for muchines. The steering gears and
Hooke™s joint shall also be discussed.

3.2 PANTOGRAPH

Thixs is a mechanism to produce the path traced out by a point on enlarged or reduced scale. Fig.3.1(a) shows
the line diagram of a pantograph in which AB == CD. BC = AD and ABCD is always a parallelogram. OQP is
astraight line. Point P describes a path similar o that deseribed by Q. The puntograph is used as a copying
mechunism.
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{a) Original position {b) Displaced position
Fig.3.1 Pantograph

Proof
Triangles OAQ and OBP are similar because £ BOP is common.
£AQO = £BPO are corresponding angles as AQ |} BP.

OA 0Q AQ
Hence, ———— = —— {31+
oB OFP BP
In the displaced position shown in Fig.3.1(b), as all links are rigid.
B IO = BO.DA == DA A 0= AD
and P\B, = PB. BjA; = BA. A|Q) = AQ
OA, Ay
Hence. . = —
OB, B P
As A1 B C Dy 1s u parullelogram, A1 D, || B/ Cy.ie. AjQy || BiPr.
OQ P\ is again a straight line so that /s QA Q) and OB, Py are similar.
CA _ 0Q (3.2)
OB,y OPy

From {3.1) and (3.2}. we get

oo _oa

— = because QA= 0A, and OB= 08.
OoP 0P,

Hence, QQ is similar to PPy or they are paraliel.
The pantograph is used in geometrical instruments in the manufacture of irregular objects. to guide cutting
tools and as indicator rig for cross-head.

3.3 STRAIGHT LINE MOTION MECHANISMS

Now we shall study lower pairs generating straight line motion. intermittent motion and engine indicators.
Straight fine motion can be generated by either sliding pairs or trning pairs. Sliding pairs are bulky and get
worn out rapidly. Straight line motion can be gencraied either accurately or approximatety.
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3.3.1 Accurate Straight Line Mechanisms
Mechanisms for accurate straight line motion are as follows:
|. Peaucellier mechanism

2. Hart mechanism

3. Scott—Russel mechanism.

Peaucellier mechanism A tinc diagram of the Peaucellier mechanism is shown in Fig.3.2.

Centre

Circular path of Q@

Fig.3.2 Peaucellier straight line mechanism

OR = OSand 00, = 0y Q. Point P describes a straight line perpendicular to OOy produced.

Proof

Triangles ORQ and OSQ are congruent because OR = 0S. QR = QS and OQ is common. ZR0OQ = £50Q.
Also, ZOQR = Z0QS and APRQ = APSQ.

ZOQR+ ZRQFP = L0QS + /8SQP = 18(F
But OQ is a straight line.

ZOQR + LRQP = /0Q8+ /8QP = |8(°
Hence OQP is a straight line.

Now OR- = OT? + AT-
AP = AT+ TP?
OR* - AP’ = Or2_ 7P
(OT+ TP)(OT - TP)
= OP. 0Q

H

But OA and AP ure atways constant. Hence OP - OQ = constant
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Draw PP; 1. OO, produced and join QQ . Triangles OQQ, and OPP| are similar, because / 0QQ =2 OPy
P =90° and ZQOQ, is common.

Hence, 0Q/0Q, = OR/OP

or, 0Q- OP = OQ, - OP| = constant
Now, 0@, = 200, = constant
Hence, OP| = constant

or point P moves in a straight line.

Hart mechanism The Hart mechanism is shown in Fig.3.3. OO is a fixed link and Oy Q is the
rotating link. Point Q moves in a circle with centre Oy and radius 0; Q. Now, ABCD is a trapezium so that
AB = CD, BC = AD and BD || AC. Also, BO/BA = BQ/BC = DP/DA. Point P-describes a straight line
perpendicular to O0; produced as Q moves in a circle with centre 0.

Fig.3.3 Hart straight line mechanism

Proof
In AABD, BO/BA = PD/DA. Hence OP || BD.

Triagnles ABD and AOP are similar, because £AOP = ZABD are corresponding angles and ZDAB
is common.

- AB/AD = BD/OP
or OP = BD- AO/AB (3.3)

Similarly as BO/AB = BQ/BC. Hence OQ || AC.
Now AC || BD, OQ || BD, OF || BD. Hence OF || OQ.
Since Cis a common point, OQF is a straight line.
Now triangles BOQ and BAC are similar.

- AC/OQ = AB/OB
or 0C = OB- AC/AB (3.4)
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From {3.3) and (3.4), we get

OP.0Q = (BD- AC/AB) - (OB- AC/AB)
= (A0 OB/AB?)(BD - AC)
Draw DE L AC.

BD = AC - 2EC

AC = AE+ EC
BD - AC = (AC — 2EC)(AE+ EC}
(AE+ EC — 2ECHAE + EC)
(AE — EC)AE + EC)
= AE?-EC?

From AAED, AE2 = AD? — DE*
From ACED, EC2 = ¢CD? - DE?

AEY —ECT = AD? — CD*
From (3.6) and (3.7), we get
BD AC = AD° — ¢cD?
OP-0Q = (AO- BO/AB*)(AD" — CD*
== constant, as A0, BO - A8, AD and CD are fixed.
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3.5

3.6)

3.7

(3.8)

Hence P describes a straight line perpendicular to Oy produced as point Q moves in a circle with

centre {.

Scott—-Russel mechanism The Scott-Russel mechanism is shown in Fig.3.4. This consists of
a sliding pair and turning pairs. The Scott-Russel mechanism can be used to generate approximate and

accurate straight lines.

1. When OC = CP = €Q, Qdescribes a straight line QO | OP, provided Pmoves in a straight line along OP.
2. If CP # CQthen Qdescribes an approximate straight tine perpendicular to OF. provided P moves along

a straight line OP such that OC = CP?/CQ.

Fig.3.4 Scott-Russel straight line mechanism (CP = CQ)
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Proof

[. As OC = CP = CQ, hence £POQ = 90° and OQ L OP. If P moves along OP then Q@ moves along a line
perpendicular to OF.

Hence OF = OCcosf + CPcos8 = PQcos @
ZCPH = 90° -8
Now ZICP = LCOP+ ZCPO = 24
Then ZCIP = 180 — ACPRI-- JICP
= 180° —90° + # - 26
= 90" —-¢
ACIP = ZCPI
or Cl = CP
CP = CQ=0C0=Cl and ZPOQ=90°

Hence OPIQ is a square. As the path of Qis L QI tis the instantaneous centre. The point @ will move
along a line perpendicular 1o OP.

2. When CP # CQ, it will form an elliptical trammel, as shown in Fig.3.5.
3 >
x* y-

cor T epr !

Because x = CQcosé# and y = PCsinf
oc

{semi-minor axis}z,’semi—major axis
= CcP’/cQ

Fig.3.5 Scoti-Russel mechanism when CP £ CQ
As point C moves in a circle, for Q to move atong an approximate straight line, OC = CP*/CQ.

Limitations  When OC L OP, P coincides with O and OQ = 20C. Here a small displacement of P shall
cause a large displacement of @, requiring a relatively small displacement of P to give displacement to Q.
This requires a highly accurate sliding surface.
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3.3.2 Approximate Straight Line Mechanisms

Grasshopper mechanism The Grasshopper mechanism is shown in Fig.3.6. The crank OCrotates
about a fixed point O. Point Oy is a tixed pivol for link Oy P. For small angular displacements of &y P. point
Q on link PCQ will trace approximately u straight line path perpendicular 1o OF if

p 2
oc - cP:
cQ

Fig.3.6 Grasshopper mechanism

Watt mechanism The Watt mechanism is shown in Fig.3.7a).

Be ‘:EI o,
=1
2]
P
G- A ;
0 ]9—‘-*’ A
{a) Watt mechanism {b) Watt mechanism in displaced position

Fig.3.7

Links OA and O 8 oscillates shout O and O) respectively. Here, AB is a connecting link. Point P will

trace an approximate straight line if % = %—'f In Fig.3.7 (h). # and ¢ are the amplitudes of osciliation and

fis the instantaneous centre of 4 '8°. Point £ lics on the approximate straight line described by P.
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Proof
AA’ BB
¢ = -— and # = -
OA O 8
A ’ .
f,il,!qg — ('_q . ) . (9'8) (3.9}
' OA BB’
- P . B'P
[t B P = 90° then  sint = ——
B
8'F AP
or [E A — and P ——
B’ A'f
D/H (Arp) ( o (3104
T Lany, B‘P) -

From (3.9) and (3,10}, we get

Now L R

Triungles OAA " and /P A" are approximately similar, us wel? as triangles O1 BB and 8P 't are approx-
imately similar.
OB - AP N AP
OA  B'P BP
Therefore. P divides the coupler AB in the ratio of the lengths of oscrllating links. Hence P will describe
an approximate straight line for a certain position of its path.

Tchebicheff mechanism The Tehebichett mechanism is shown in Fig.3.8. In this mechanism,
OA = O1Band AP = PB. Here. Pis the tracing point. Let AB = 1. QA = OiB=xond 00 = y.

[ AE d c2 - B1
»
B [t A
PR ﬂq—(i_‘-: . T?—'f— P,
» +
: 8, C< Ay
/ . \
x=1 / c, N
¥ zi
o L 0,
- y -

Fig.3.8 Tchebicheff mechanism



Now

or

Draw AL | 00, then
Also,

and

Again

Further

or

From (3.11) and (3.12), we get

ar

-

Substituting in (3.11), we find that, x = 3.5.

That is

{xr — I)2 - _\-'2
v+
X
oL o0, - O L
OL = AP
P2Pl — BA
APy
2
v—1
2
Ol 00, - oL
v—
v —
: 2
y+
2
OA> = ALY+ 012
1 2
.Tz {X - Ejl + [_\' +
Ly
X — 4 -+ =
4 2 2
'2+l _\_,2 1 . ¥
2 4 2 2
¥ 2
AB: Q0 : DA 1:2:35
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(3.11)

(3.12)

P moves horizontally because instantanecus centre of AB will lie on point C which is the intersection of OA

and BO|. Thus C lies just below P.

Robert’s mechanism This mechanism is shown in Fig.3.9. The lengths of links are such that
AB = CD, BE = EC and EF is perpendicular to BC. Here, F is the tracing point. When the mechanism is
displaced (shown by dotted lines), the point £ will approximately trace a straight line paraliel to BC. Produce
AB'and DC' to meet at /, the instantaneous centre of link BC. From /drop a vertical fine to intersect £'F’
at F'. The velocity vy of point F' is perpendicular to the line joining fand £’ and is thus a horizontal line.
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Fig.3.9 Robert's mechanism

3.4 INTERMITTENT MOTION MECHANISMS

These mechanisms are used to convert continuous motion into intermittent motion. The mechanisms used
for this purpose are the Geneva whee! and the ratchet mechanism.

Geneva wheel The Geneva wheel as shown in Fig.3.10, consists of a plate 1 which rotates continuously
and contains a driving pin £ that engages in a slot in the driven member 3. Member 2 is turned }th of a
revolution for each revolution of plate 1. The slot in member 2 must be tangential to the path of pin upon
engagement in order to reduce shock. The angle 8 is halt the angle turned through by member 2 during the
indexing period. The locking plate serves to tock member 2 when it is not being indexed. Cut the locking
plate back 1o provide clearance for member 2 as it swings through the indexing angle. The clearance arc in
the locking plate will be equal Lo twice the angle .

Ratchet mechanism This mechanism is used to produce intermittent circular motion from an os-
cillating or reciprocating member. Fig.3.1] shows the deiwails of a ratchet mechanism. Wheel 4 is given
intermittent circular motion by means of arm 2 and driving pawl 3. A second pawl 5 prevents 4 from turning
backward when 2 is rotated clockwise in preparation for another stroke. The line of action PN of the driving
pawl and tooth must pass between centers O and A in order to have the paw] 3 remain in contact with the
tooth. This mechanism is used particularly in counting devices.

3.5 PARALLEL LINKAGES

These are the four-bar linkages in which the opposite links are equal 1o length and always form a parallelogram.
There are three types of parallel iinkages: paralle] rules. universal drafting machine and lazy tongs. They are
used for producing parallel motion.
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Locking - -7
plate

Slot

Fig.3.11 Ratchet mechanism

Parallel rules A parallel rule is shown in Fig.3.12. in which AB = CD = EF = GH = IJ and
AC = BD, CE = DF, EG = FH. Gl = HJ. Here AB, C, EF, GH and 4 will always be parallel to each other.
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' . |/

=
\ A

VA
/

g J|B

A

Fig.3.12 Parallel rule

Universal drafting machine A universal drafting machine is shown in Fig.3.13, in which
AB = CD, AC = BD, EF = GH, and EG = FH. Posilion of points A and B are fixed. Similarly the
positions of points £ and F are fixed with respect to C and D. The positions of scales T and H are fixed with
respect to points G and H. Then ABDC is « parallelogram. 1.ine CD will always be parallel to AB so that the
direction of CD is fixed. Therefore, the direction of EF is fixed. Further EFHG is a parallelogram, so GH is
always parallel to £F such that the direction of GH is also fixed, whatever their actual position may be.

A@‘ ©e

Fig.3.13 Universal drafting machine

Lazy tongs Lazy tongs as shown in Fig.3.14, consists of pin joint A attached to a fixed point. Point B
moves on a roller. All other joints are pin joinied. The vertival movement of the roller affects the movement
of the end C to move in a horizontal direction. It is used to support a telephone or a bulb at point & for
horizontal movements.

3.6 ENGINE PRESSURE INDICATORS

A pressure indicator is an instrument used to obtain a graphical record of the pressure-volume diagram of a
reciprocating engine. It consists of a cylinder with a piston, a straight line motion mechanism with a pencil
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and a drum with paper wrapped around it. The indicator cylinder is connected 10 the engine cylinder which
causes the movement of the indicator piston with change of pressure in the engine cylinder. The piston motion
is constrained by a spring so that the piston displacement is a direct measure of the working fluid pressure
acting upon it. The displacement and hence volume is then recorded by the pencil with the help of straight
line mechanism on the drum paper. The requirements of the straight line mechanism are as follows:

1. The pencil point should move in a straight line paratlel to the axis of the indicator piston.

2. The velocity ratio of the indicator piston and pencil should be constant.

3. The indicator piston motion should be magnified so as (o get a good size indicator diagram.
4

. The friction should be the least.
: C

Fig.3.14 Lazy tongs

3.6.1 Types of Indicators

The various types of indicators are simplex, Crosby, Richards, Thomson and Dobbie-McInnes.

Simplex indicator The simplex indicator (Fig.3.15) employs pantograph mechanism. Point @ on
link AD coincides with D and P is a point on BC produced such that OQF is a straight line. ABCD form a
parallelogram with all joints pin jeinted. Point Q lies on the piston of the indicator. The pencil to record the
indicator diagram is fixed at point P which describes a path similar to that of Q.

B/‘\
o} \N
lj%t " Piston

Gas pressure

Fig.3.15 Simplex indicator

Crosby indicator The Crosby indicator (Fig.3.16) employs the modified form of pantograph to

¥ pantog
generate motien of pencit point P similar to that of point Q lying on the indicator pisten. The following
conditions are to satisfied by this mechanism:
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1. Velocity ratio between P and Qs constant, i.c. :—’ = constant.
i

2. Point Ptravels along a straight line.

= P

Piston

Gas pressure

Fig.3.16 Crosby indicator

Proof

Draw instantaneous centres /; and 4 of links QB and AP, respectively. /i is obtained by drawing a horizontal
line from Q which meets the line OC produced in /). For f~. draw a horizontal line from P meeting OAin .
The line P cuts the link @B in /. The point / will lie in /8,

: B
Now R
Uy ha
hB hB
but o = =T
ha hiL
T B
— = (3.13)
y L
Al i v‘:P {7. |1}
50 = = 31
i’p 1'38
Multiplying (3.13) and (3.14). we get
Uy N -‘gp
v,  hi
As OA s parallel to QB or hA s parallel to BL, As PhA and PLB are similar.
hP AP
ht  AB
Up AP
------ = — = constant
vy AB

Since lengths AP and AB arc fixed.

Richard indicator The Richard indicator (Fig.3.17) employs Watt mechanism OABO, to guide the
pencil point at 2. The motion to link AC s given by the piston rod of the indicator piston at Cthrough link QC.
If aline QO is drawn parallel to OCA, then OCADQ forms a pantograph, having point Pon link AD produced.
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Gas
pressure

Fig.3.17 Richard indicator

Thomson indicator The Thomson indicator (Fig.3.18) empioys Grasshopper mechanism OABO,
the tracing point P lying on link AB produced. Link AB gets the mation trom the piston rod of the indicator
at C which is connected by link QC at Q10 the end of indicator piston rod. Link QC is parallel to link OA.

Piston

Gas pressure

Fig.3.18 Thomson indicator

The velocity ratio '[i = constant. To prove this, draw the instantaneous centres £y and f» of the links AB
i
and QG respectively. fiPculs CQin L.

Proof
v, L

v,  ha@

Now triangles fy CL and £ CQ are simiar. Therefore

hC  iC
LQ L
Uy P

Also

v, ."|C
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vp _ hP
v,  hi
As PAf and PCL are similar. Hence
hP _ AF
he = AC
v AP
—- = — = constant
v, AC

Since the lengths AP and AC are fixed

Dobbie—-Mcinnes indicator In the Dobbie-Mclnnes indicator (Fig.3.19), the motion is given to
link € B by the link QC connected to the indicator piston and / and b are the instantaneous centres of A8

and QC, respectively. The line /i Pcuts QCin L. Draw 8M L # P from point 8. OQP is a straight line. The
ratio %;1 = constant,

Fig.3.19 Dobbie-McInnes indicator

Proof
Ve hC
ty - RQ
Triangles | BM, | CL and {; CQ are similar.
- C _ _ L8
hQ T IM

he
. i
1, =)

Now L Qf
c



Also

In similar triangles PBM and PAl .

1-';1
tp

Up

P

W
v

il

g

hWe
- hB

Lower Pairg

= (i) (Gc)

AP
AB
PA
AB

OB
- —— = Constant
O C

Since the lengths of all four links PA, AB, Oy 8 and O, C are fixed

Example 3.1

A circle with A8 as diameter has a point C on its circumference. The point Dis a point on AC produced such
that 1f Cturns about A and AC- AD s constant. Prove that the point D moves in a straight line perpendicular
o AB.

B Solution
Let D D be perpendicular 10 AB produced, as shown in Fig.3.20.

Il
1

‘D,

o

——

Fig.3.20 Mechanism with circle

Now ZACB = 90°, being the angle in & semicircle. Also ZAD, D = 90°. Therefore, triangles ACS and
AD D are similar, as £ CAB is common.

AC _ ADy
AB ~ AD
or AB-ADy = AC- AD
AC - AD
ar Al = ———— = constant
AB

Since AB is fixed and AC - AD = constant

Thus AD; will be constant for all positions of C. Therefore, the location of Dy is fixed, which means that
D moves in a straight line perpendicular to AB.
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Example 3.2

In a Grasshopper mechanism. shown in Fig.3.21. OC = 100 mun, PC = 150 mm, and PQ = 375 mm.
Dctermine the magnitude of the vertical force at  necessary to resist a torque of 120 N m. applied (o the
link QC when it makes an angle of 30% with the horizontal.

Qg =

Fig.3.2% Grasshopper mechanism

8l Solution
QC = PQ— PC = 375 — 150 = 225 mm

oc _ pPC
PC T QC
100 150
or — =
150 225

Thus the condition for the dimensions of a Grusshopper mechanism is satisfied, and point & will approx-
imately trace a straight line perpendicutar to OP.

Now Fyovg = T
T -,
or K, = Jo L
v, - OC
The instantaneous centre of PQis at I Let ZQIC = A, Also triangles QIC and OCP are simitar.
v _IC_OC
v, Q OF
T
Thus Fy = —
us ; op
When = 30°, 0.5
OP = 10008 30° ++ [ (150)% = (100sin 30°)?]
= 228 mm
0
b, = 120 3263N

0.22%
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3.7 AUTOMOBILE STEERING GEAR MECHANISMS

Steering gears are used in vehicles to control their direction of motion. We shall study the relationship between
the various parameters of the steering gears for cotrect steering,

3.7.1 Fundamental Equation for Correct Steering
For correct stecring, the instantaneous centre of the front and rear wheels must lic at the same point. For the
steering gear mechanism shown in Fig.3.22. AC and BD are stub axles,
where, AE = [ = wheel base
CD = « = wheel track
AB = b = distance between the pivots of front axles

{ = common instantanecus centre of all wheels

Now b = AP— BF
= f{cotg — cot#)
!
or ot g — colH = f {3.15)

This represents the fundamental equation for correct steering,

v

K\smb axls  Rightturn . Pivot

' front

>

A =] P
! —X

<

.

lnner
front wheel

o

- Quter rear wheel Rear

Fig.2.22 Automobile steering gear

3.7.2 Steering Gears

A steering gear is a mechanism for automatically adjusting values of # and ¢ for correct steering. There are
two 1ypes of steering gears commonly used in automobiles:

1. Davis steering gear—which has sliding pairs.

2. Ackermann steering gear—which has rning pairs.
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Davis steering gear A line diagram of the Davis steering gear is shown in Fig.3.23.

where, KL = cross link which slides paralfet to AB
CAK, DBL = bell crank levers
E, F = bearings
K. L = pins with slide blocks
AC. BD = stub axles
A B = pivots
Straight
- ¥ ) oo

- . . .

- . B - . .

CU y T T L UD

Fig.3.23 Davis steering gear for straight drive

Determination of angle @ The Davis steering gear is shown in Fig.3.24 when the avtomobile is turning
right. In this position, we have

.‘I

AKsing = BLsino

lun(e — ) = A
IH
lan e — tan @ v —x
ar =
I + lan o tan & h
But tan o = b
h
% - tan# B V- X
I 4+ (v/h)-1ané It
xh
or tanf) = ———— (3.16)
Yo xy 4+
4
Similarly ano + ¢) = l!—f (3.17)
I
) vh
so that tang = —; —_
¥4y 4 D=
From (3.16) and {3.17). we get 52 b
colgp —cotl! = _\'2 O _\‘2 +xy— — = -
xh {
2v b
or - =
h {
g = P 3.18
or taine = % (3.18)
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b
Generally 7= 0.4100.5s0that o == 11.3° to 14.1°.

Fiight turn
R Sty
-y.;-|x|..—|--.x.-
K K [
7 i

Fig.3.24 Davis steering gear taking a right turn

Ackermann steering gear The Ackermann steering gear is shown in Fig.3.25.

where, ABLK = four-bar linkage
CAK. DBL = bell ¢crank levers

AK, Bl. = short arms

Kl = track rod

{ = wheel base
. b
For correct steering, cot¢ — coté = 7

b
Generally, 7= 0.4 to 0.5 =~ (.455.

+ Straight
A B
T C[]i_f\ *—U v
| RS -
! K L
! - b — = -
|-¢ . . a C e e i e e

Fig.3.25 Ackermann steering gear for straight drive

131
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Determination of angle o

The displaced position of the steering gear is shown in Fig.3.26(a) when the

automobile is taking a right turn. The instantaneous centre 7 lies at a distance of (.37 from the rear axis.

Right turn
E

““ﬂ‘ .
0.3/

: "...Jr

{a) Ackermann steering gear taking a right turn

(b} Determination of angle v

Fig.3.26

From Fig.3.26(h), we have

Projection of arc K 'Kon AB
KK

AK |sinw — sinix — ¢
AK

SIng - SING COS ¢ + CON ey SIN @

Now

SINe{2 — cos g — cos )

Tan w

Graphical method to determine o

[t

It

ff

Projection of are L 'L on AB
Lk
BL[sinfee + 6) — sinw |
BL
sing cosf 4+ coswsinfl — sinw
Conee{sint — sina)

sinf} — sin ¢

. T (3.19)
2—cosg — cosf

Draw a horvizontal line OX1Fig.3.27). Make £/ X0Q = ¢ and /XOP

= ¢. With any radius, draw arc PRQ. Join PR and produce it so that PA = AM. Join MQ and produce. Draw

ON 1 NQM. Then o = 90° — £ XON,
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=4

Fig.3.27 Graphical method to determination angle «

Proof
In Fig.3.28, let BL = y sothat b = ¢ 4 2y sine.

For correct steering,

h = [eotg — cot#)
= ccoosty + vsinlo + #) + vsin(e — ¢)
- h -

Fig.3.28 Graphical method to determine angle «
If ¢ issmall. ccosy = ¢.
e+ 2xsine = ¢+ .osin(e + 7)) + xsinle — @)
or Zsinw = sinfe + ) + sinfa — #)
In Fig.3.29, let r = OP = OR = OQ. In right angled triangle OQN.
INOQ = 9 —w — 0 =90 — (@ + &)
ON = rcosj)® — (o + M) = rsinlo + &)
Draw RL L ONthen AL |} SN.

ie. L8R = Lo
Also SORL = Au
OL = rsine

133
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Fig.3.29 Graphical methed to determine angle o

Now NL = RS, In AOPA.

PR . r
singg  sin(90° - (1.5¢)
Torsing
PR = —- ...
or cos(0.5¢)

= 2r.infQ.5¢)
From triangle RSM in Fig.3.3(}, we have

Q .

Fig.3.30 Graphical method to determine angle «

MRS = ¢ - 0.5¢
ZEMR = 90" — (o — 0.5¢)

Als RS = 0.5
%0 @ = gos{or Sd)
RS
Now AM = PR. = cosfer —- 0.5¢)

PR
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or AS = Irsint05¢)contr — 0L.5¢)
= rsing - sinte — )
ON = OL+IN:= OL + RS
Ssine 1) = rsing — rsing — 4 sinfe — @)
or 2sing = sinfe +—#) - sinfa - @) £3.20a)

(3.20b)

It

(2 —cosfl - cosgh

or Tan

Henee proved.
Example 3.3
Ina Davis steering gear. the distance between the pivots of the front axie is [ m and the wheel base 15 3.5 m.
When the automobile is moving along  struight path. find the inclination of the track arms to the longitudinal
axls of the automobile?

B Solution
Hereh = Ilm oand 7/ =35m
f
lang = _-
2f
] .
= =02
3
o = 11.31°

Example 3.4
A car with a track of 1.5 m and a wheel base of 3.9 1 has 2 steering gear mechanism of the Ackermann 1ype.

Iy

The distance between the front stub axle pivols is 1.3 m. The length of each track is 150 mm and the length
of track rod is 1.2 m. Find the angle wrned through by the outer wheel if the angle turned through by the

inner wheel 1s 30°,

B Solution

Hoea=15m./=39m.d=13mc=12m AK =015 mm.
b

catgr — ot = ?

1.3

= 2 = 0)44R827
39
cot ¢ -- col 30 = 0.44827
cot ¢ -— 73205 = 0, 44827
cotg = J.IR032

¢ = 264"

3.8 HOOKE'S JOINT OR UNIVERSAL COUPLING
Hooke's jointix a device that connects twe shafts whose axes are neither coaxial nor paralicl but intersect at
a point. This is used to transmit power from the engine (o the rear axie of un automobile and other similar
applications,

Hooke’s joint, as shown in Fig.3.31, consists of two forks connecied by a centre pece, having the shape
of a cross or square carrying four trummions, The ends of the two shatls 10 be connected together are fitted
the Torks.



136 Theory of Machines

: Driven shaft
A

L4

Fork

(X3

Cenlre piece

Fig.3.31 Hooke's joint
3.8.1 Velocities of Shafts

Let the driving shait A and the driven shaflt 8be connected by a joint having two forks KL and MN. The two
forks are connected by a cross KLMN intersecting at O, as shown in Fig.3.32. Let the angle between the uxes
of the shafls be . Let fork KL move through an angle # in a vircle w the position KLy in the tfront view.
The fork MN will also move through the sume angle #. As MN is not in the sane plance, it moves inan ellipse
in the front view to its new position My Ny, To find the true angle. project My 1o the 10p view which cuts the
horizontal axis in A and fork MV in B). Rotaie Ay to A2 on the horizontal axis with cenre O, Project A>
back in the front view cutting the circle in My Join OM:. Measuse MOMs. which is the true ungle ¢. Thus
when the driving shaft A revolves through an angle #, the driven shaft 8 will revolve through an angle ¢.
Top view

(XS -
» —
J—
5 E‘;‘ M
N R
S,

K '1\ TR L
N

Frant view

Fig.3.32 Hooke's joint analysis
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OR’,
Now g = -, =-
A M,
oR’
and lunt == ——
A

g OR, A'M,

lan s A ’zf_ﬁ " OR’

But A'M = R M
tan ¢ OR, OR
né  OR’  OR
Now OR = ORjcosw
Lan ¢ |
anfi COs o
or n# = cose tan ¢ {3.21)
. o . d#
Angular velocity of driving shaft, iy = &
1
. s . g
Angular velocity of driven shaft, W = m
o o af
Differcnoating (3.21). we get
1 kl .
see H -y CON o SeC ¢ dep
di B dr
dep Sty COs
—= = T
drl idi [ sin™wcoss i
[ELFN CON Y
or S— = L
ey I —sin-weos= 4
. . iy
Case(i) - = |
28] 5 .
Cos = | —sin~weos#
or cow = 10+ cosad
This condition oceurs once in each quadrant, as shown in Fig 3.33.
e HE . . ) ’ . ] o .
Case (ii) -— 15 mintmum when the denominator is maximum, that is sin- @ cos2 ¢ must be minimum or
WA
. e wy o . o yqe -
cos# = 0° Thus — is minintum at # = 90° or 270%, Then
el 4
(L
Sl = cosa (3.22)
(s
. ey R . ) ] .. . v
Case (iii) — is maximum when denominator is minimuni. that is, when cos - = 1 orcosé = +1.
Wy
Le.  ={0%or 180°. Then
[ I
L {323

r 4 COS
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Case (iv) Maximum variation of velocity of driven shali

ferg dmas - Le g Imin

(o hmean

- Driving
. Driven
Points g /“"A
+_ 1 - i
— 1234 1
3 QOB 57 max
6.8 min

e
o

— - r;‘l_

COSix

Fig.3.33 Polar velocity diagram for Hooke's joint

Now (e Yo = 101

: . (S ) - waeosa
Maximum speed variation = "7 -
w__.i
I -- ms o
SN OF
N sing

e

For o to be small,

2

o and  sino o

o

LAt ¢

i

Maxinium speed variation

3.8.2 Angular Acceleration of Driven Shaft

[A2] CO (1‘
.y | - sin @ cos’f
. al .
deng 2uint o coq{i s]nH
= = g - dBSdr - cos | —————
dr {1 — sin” o cos? 9)~

Acceleration of the driven shafi,

oL Losw sin’ o sn "H

wi
{1 — sin? o Con- ()
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) . o dee g
For aceeleration to be maximum or nuoimum, N =0,
[
] [ | hl .1 . 5 . | h bl
duy, 5 sinT a2 in 2601 - sint e cosTHIsinTasin 2 - (] - st g cosT @) - 2cos 20
R I -— -
de? {1 —sin~ weos” #y?
5 2 ]
=cos 20 4, - - )cns -2
sin“o — |
= {
. al
2aint )
or cos2i R - ——— {3.27)
2 — Nt

3.9 DOUBLE HOOKE'S JOINT

The double Hooke's joint. as shown in Fig.3. 34, is used w matntain the speed of driven shatt at the same
speed as the driving shaft at every instant. To achieve this, the driving and the driven shafts should make
cqual ungles with the intermediate shaft and the forks of the interediate shaft should lie in the same plane.
Let ¢ be the ungle turned by the intermediate shafl while the angle turned by the driving shaft and the driven
shatt be 6 and ¢ respectively.

Then tunf/ = cosatan y
and Lting = cose Lty
H = ("D

Intermediate shaft

Fig.3.24 Double Hooke's joint
However, if the forks of the intermediate shafts tie in perpendicular planes to each other, then there will
be a variation of the speed of the driven shaft.

RT3

- = s
4 min

( ({28 )

(e

2 nin

Coxs ix

1l
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vy | A
( ) = o8 u (3.28)
D
. g 1
Similarly, —) = . — {3.29)
WAL s (MY b

Example 3.5
The angle between the axes of two shafts connected by a Hooke's joint is 20°. Determine the angle turned
through by the driving shaft when the velocity ratio is unity.

B Solution
For velocity ratio to be unity.

{ s
cosH = + ———
| 4+ coser

1 (L5
_ i{________.] = £0.71801

14 cos20°

= 44127 o 13

h

89°

Exampile 3.6

in the speed ol the driven shaft is not to exeeed 2=5% of the mean speed. Find the greatest permissible angle
between the centre fines of tle shafis.

B Solution

Total fluctuation in speed of the driven shatt.

.
|- cos o
= bty == oy | ——— -
CONS Y

or cos o+ O 0cosw — | = ()

|:—{]. 14) = {({)”)}2 + 4]“.5]

COSyY = ———- JR——
5

= (U258
o = 746"
Example 3.7
Two shafts are conneeted by a Hooke joint. The driving shadt rotates at a uniform speed of 1200 rpm. The

angle between the shafts is 15°, Caleulite the maximum and minimum speeds of the driven shaft. When is
the ucceleration of the driven shalt maximum?

B  Solution

) ) N 1200
Maximum speed. Nige = - S -
anw o cos 1587
= 12433 1pm
Minimum speed. Nouin = Noosw 2 1200008 157

= 11591 pm



For acceleration o be maximum,

cos 2fF

Example 3.8

i

Lower Pairs

TainTw

oL

N

T

I NintIse
2 x {h0660Y

22 {(1LO66YER
007174

= 43047 137.06°. 223 947 and 317.04°

The driving shaft of o Hooke joint runs at a speed of 300 rpm. The angle between the shatts is 20°. The
driven shatt with attached masses has o miass of 60 kg at a radius of gvration of 200G mm. [ a steady torque of
300 N m resists rotation of the driven shatt, find the torgue required at the driving shaft, when angle wrned

through by the driving shaft is 45°.
B Solution

Moment of inertia of the driven shatt.

I = mK-

= 60 x (0.2} = 34 kg.m?

Angular acceleration of the driven skatl

oy

Torque required w accelerate the driven shait

Towal torgque reguired on the driven shult. ¥ =
Torgue required on the driving shais. T, =

= Tu

A |
cos o sin 28 sin o

—-w3 3 -
A L [ — costisin- g2
( 00\

- 27 o= )
_ o
(L {ogy2
OROUG ] -
H.X8614
— 123,38 rud/n-

cos 20° sin 907 sin” 20°

(- cos? 45° 5in2 20°)2

)

."LJ‘;;
A = 12338
- 2937 Nm

= 500 — 3937

2063 Nm

({72 ]
L2
. Ty
il cos-fsinTw)
o 20
2()().3{ e }
(1 - cos- 457 <in- 207)

2059 Nm
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Example 3.9

tn a double Hooke's coupling. the driving and the driven shatts are purallet and the angle between cach and
the intermediate shatt is 25°. Find the maximum and minimum velocities of the driven shaft it the axis of
the driving pin carried by the intermediate shalt kas inadvertently been placed 907 in advance of the correc
position. The driving shalt rotates uniformly at 30t rpm.

B Solution
z ."\r'r_.'L 00
(Npghga = — = . .
e costa cos- 280
= 30323 rpm
(Nptain = N (.‘th W= ‘{}(]C(r.\.3 25"
= 26442 pm

Exercises ] o

1 Describe the working and applications ot o Geneva mechanism.

2 What are the uses of @ pantograph? Describe the principle and working of a pantograph.

3 Describe Hart'x mechanism with a neut sketeh Prove that the tsacing point describes a straight line,

4 Name the mechanisms to generate (a) an exact straight line. aonil (b} an approximate straight line,

§ Describe the working of the following mechanisms:

{a) Geneva wheel. (b) Puw!l und rutcher. and () lazy 1ong.
6 Acircle with AD as diameter. has a point 8on its circumicrence, On A8 produced there is a point © such
. that if B1urns about A. the product AB x AC is constunt. Prove that the point € moves in a straieht line
perpendicular to AD produced.

7 A torque of 100 N m is applicd to the link OC of a Grasshopper mechanism shown in Fig.3.35. Link
OC makes an angle of 207 with the horizontal. Find the mugnitude of the vertical force exerted al G
to overcome this torque. OC = 80 mm. PC == 120 mm. and PQ = 300 mn1. Also caleulate the force
required 1f the link makes wir angle of 0%,

Q P
i H“‘H,.M
: T
! Hﬂ""“‘xﬁ_\ 0
! /)lq._h_‘%
1 e T
' ~% o

Q! e ™ p

o= |
Ao,
Fig.3.36 Grasshopper mechaiism
8 The distance hetween the lixed centres of a Watt straight tine niechanism shown in Fig.3.36 is 320 mm.

The lengths of links are GA = 300 mm. AB == 400 mm. and 8O = 250 mm. Locate the position of a
peint P on AB which will trace approximately straight line.
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P 320 mm

400 mm
o [o—- ?_@_Tﬂ?_l p '
Fig.3.36 Watt mechanism

9 () Describe the straight line mechanisis.
() Sketch and desceribe any mechanisim which can give an exact generated straight line motion, Give the
nuthematical analysis involved,
(¢} Describe the Pantograph with a neat sketch and state its use.
16 1n the Robert mechanism shown in Fig.3.37 it 4B = BC == CD = AD/2. locate the puint Pon the central

vertical wrm that approximately describes u straight line.

B £
.

— O

A : .|D
P L
Fig.3.37 FRobert mechanism

11 In the Watt mechanism shown in Fig.3.38. piot the path of point P and mark und measure the strivight
line segment of the path of £,
01
5C G
— f

* AP =1/2A8  40mm

Fig.3.38 Watt mechanism
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12

13

14

15

16

17

18

19

20

21

The distance berween the axes of & car using Davis sieering gear is 3.3 m. The steering pivots are 1.3
m apart. While moving in a straight line. determine the inclination ot the track arms to the longitudinad
axis ot the car.

A car using Ackermann steering gear has a wheel base of 3.8 m and a track of 1.5 m. The track rod is
1.2 m and each track arm is 150 mm long. The distance between the pivots of front stub axles is 1.25 m.
If the car is turning to the right find the radius of curvature of the path followed by the inner front whec]
for correct steering.

The distance between the pivots of the front stub axles of a caris 1.35 m. The length of track rod is .25
m. The wheel track i~ 1.5 m and the wheel base is 3.3 n1. What should be the length of the track arm if
the gear is 10 be given a correct steering, when roundimg a corner of radius 5 m.

A Hooke coupling is used to connect two shafts whose axes are inclined at 30°. The driving shaft rotates
uniformly at 600 rpr. What are the extreme angular velocitics of the driven shaft? Find the maximui
value of retardation or acceleration and state the angle where both will oceur.

Two shafts are to be joined by a Hooke coupling, The driving shatt rotates at a unform speed of 600 rpm
and the speed of the driven shaftmust lic between 500 und 530 rpm. Determine the maximum permissible
angle between the shatts.

A Hooke coupling connects a shaft running at a unitorm speed of 900 rpm to a second shaft. The angle
between their axes being 207, Find the velocity and acceleration of the driven shafltut the instant when
the fork of the driving shaft has turned through an angle of 15° from the plane contmmng the shatt axes.

The angle between the axes of two horizontal shafts tr be conneeted by a Hooke joint is 150°, The speed
of the driving shatt is 150 rpm. The driven shaft carries ¢ ywheel of mass 15 kg and has a radivs of
gyration of 100 mm. If the forked end of the driving <halt rotates 30° from the horizontal plane. find the
torque required to drive the shaft to avercome the inertis o' te fiywheel.

The driving shaft of & double Hooke's joint rotates at 800 ypm. The angle of the driving and driven shalls
with the intermediate shaft is 25°. Determipe the masiinm and minimum velocities of the driven shait,

{a) State precisely what an automobile steering is expected to achieve. Establish the relationship among
the parameters of the niechanism necessary for this purpose. State the basic ditference between the
Ackermann and Davis steering mechunisms and compare them in respect Lo their relative usetulness
in autemobiles and their relative faithtulness to the waal objective.

(b) What is a Hooke joint? Explain what it is expected 1o achieve, and how it does so with the help
of kinematic diagram. State a tew applications ol this joint and comment on the vanation of the
velocity ratio between two parallel shafts connected through a spindle having Hooke's joints at both
its ends.

In a Hooke joint, prove that if the angle between shafts is small, the total Nuctuation of velocily ratio
varies as the square of the shatt angle.



FRICTION

4.1 INTRODUCTION

When a body moves or ends o move onarother bods, the property of the two badies by sirtie of which a
foree is developed between e two bodies. s aich apposes the moton. is cabled fretion. This foree is called
the ferrce of friction. The foree of Tiiction acts approsite to the impending mation,

Consider a bock of weight Woresting on o plane rough sartace. as shown in Fig 41 The normal reaction
due o the weight of the block is £ Letator e /2 be upplicd e the block towands the vight. A frictonal foree
Fowill be setup between the Block and the onad surface, The dircetGon of £ will be towards the left. The
covfficivat of fricrion groy pothe Tatio of the tree cUrction OF Vo twe normal reaction (8. Thies

2
- 1
' R

Lot § be the resultant of Fand K making an mgle of ¢ wath K. Hhen ¢ s called the angle of friction.

stch that

I
Lth o1 — — (4.2
;\)
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3 R
A TTh
: X
' .
Fw S -T]»-—————-P
7 EAV A
YW

Fig.4.1 Body resting on rough horizontal plane

From {4.1) and (4.2}, we find that

f=tan¢ 4.3
Therefore, in the case of limiting friction, the coefficient of friction is equal to the tangent of the angle

of friction.
Now consider the block resting on a rough inclined plane. a5 shown in Fig.4.2. Resolving the forces

along and perpendicular to the plane. we have

F = Wsin#
R = Wceose
F !
or w- == fanf{/
R
R
“. -
-
e
-~

Wsini * - )'
. vwsnp
W —_

Fig.4.2 Body resting on rough inclined plane
Companing with (4.2), we find that

tan# = tan ¢
or #=d¢ (4.4)

Thus, in the case of fimiting {riction, the angle of the plane is equal to the angle of triction, The angle
of the plane when motion of an object on the plane is impending is called the angle of repose. This is the
maximum angle that a heap of sand or similar materials wil} make with the horizontal.

If the force P is made (v revolve about a vertical axis, the resultant S will also revolve about a vertical
axis, As S revolves, it will generate a cone of vertex angle 2¢. This conce is cailled the cone of friction, as

shown in Fig.4.3.
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R
)

s(:: D

 ——

< 24

& f.~"
Fig.4.3 Cone of friction

4.2 Types of Friction
Friction is of the following types:
Static Friction This is the friction experienced by two bodies in contact, while at rest.

Dynamic (or Kinetic) Friction  This is the [tiction experienced by two hodies in contact, while in motion.
1t is less than the static friction.

Sliding Friction This is due to sliding of two bodies on cach other.
Rolling Friction  This is due to rolling of 1wo bodies on each other.

Pivot Friction  This is the friction experienced by two bodies due to motion of rotation of one body in the
other. axs in the case of a foot step bearing.

Dry {or Solid) Friction  This is due to twao dry and unlubricated surfaces 1n contact.

Boundary (or Skin) Friction  This is the fricrion experienced by two bodies separated by a very thin layer
of lubricant.

Fluid (or Film) Friction = This is the f-iction experienced by two bodies in contact when separated by a
thick film of lubricant.

4.3 LAWS OF FRICTION
Static friction

L. The force of friction always acts in a directinn opposite to the impending motion.

[ 2]

. The limiting force of friction is proportional to the normal reaction.

T

. The force of friction is independent of the area of contact between the two surfaces.

L

. The force of friction depends upon the roughness of the surfaces of the two materials.

Kinetic friction
[. The force of friction always acts in a cirection opposite to that in which the body is moving.
2. The magnitude of kinetic friction bears a constant ratio o the normal reaction between the two surfaces,

3. The force of friction is independent cf the relative velocity between the two surfaces in contact, but it
decreases slightly with increase in velocity.

4. The force of friction increases with reversal of motion.

5. The coetficient of friction changes slightly when temperature changes.
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Fluid friction

I. The toree of itiction is ahnost independent of the Toad.

bl

2. The toree of friction reduces with the increase of lemperaturs of the tubricant.

A The foree of friction depends wpon the ope and viseosite of the lubricant.

4. The force of friction is independent of the nature of surt scos

8. The trictional Torce inereases with the inerease i the relative wclocity of the frictional surfaces.

4.4 FORCE ANALYSIS OF A SLIDING BODY

4.4.1 Body Resting on a Horizontal Plane

Consider a body of weight W resting on arough horizental pilan: being pulled by u foree £ inclined atan
angle & as shownin Fig s Resolving the forces horizontally and vertically. we have

Now

Theretore

Or

ol

& Fonin o

S

'
w

{a) Pull typa foree

Fig.4.4 Body resting on rought herizontal plane

i

i

P [
.
Frieosincos o ~HT G St
!

P onag

ookt =

I sinf!

r

P oose

Dot

P sm

AR

NI

~ Foosh

¢

):

5]

;
14
s

R

W

I3

W osinieh

Wosineh
Woameh

Vs ! ;U_}

-

E sing v

T H
- : .l C - Frosf

L

W
by Push type force

For £ to be minimuat, coster — o) should be maximuni, that i,

or

and

AT N

Ui

i

LI
'I';I]II]

Fei}

W i

a3

A

(4+.5)
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If the force £ 1s of the push type, as shown in Fig.4.4(b). then
Puoassi = F = pR

) £ costd
Psintt + W = R =--
M
Pleostteosg — sinttamgs = Wsing
Poeosttt £y = Wiing
W osin
or = ———?-— (4?)

cosie | @)

4.4.2 Body Resting on an Inclined Plane with Force Inclined to the Plane

I. Body going up the plane
Consider the body resting on the inclined plan: as shown in Fig..57a). Resolving the forces perpendicular
and along the plane, we have
Pt = Weina + p R
Weona = Puin+R
or Poont = Wsing — ungi{Weosa  Psing)

or Precost) - sinf: tan ¢} Wisinw +cosatang}

W isin e cos ¢p — con e singh)

Or FleosH casd -- s sin ¢

£ oo — i Wosinfe — g

P = Wsinli - ¢/ cosiir — ¢} (4.8}
R P = P
b i ] 4
Psinpg® £ sin » Pcosé

{ , FPuosy t "i 2
-

F v
Wsine - g o Wsind « - i
¥ tiWeose tw Y Weosa
fe w_ i te
{a} Body going up (b} Body going down

Fig.4.5 Body resting on inclined plane

For P 1o be minimum, costd — @) == | o #f = ¢, In that case.

P = Wsiney + ¢ (4.9)
Body going down the plane
When the body is going down the plane. as shown in Fig.d.5(b), then we get
Wosin(eh — v}
) cosid +¢hi

-

(4.10)

For P 10 be minimum, cosi# + @) == o ¢ = --A. [nthat case

Flpin = W Siﬂ{ﬁb — ) (4] I)
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4.4.3 Body Resting on an Inclined Plane with Horizontal Force
l. Body going up the plane

Consider the body as shown in Fig.d.5tar Resolving the forces perpendicular and along the plane.
we have

Preosw = Waino + R

FPainw + Weose = R
or Peoser = Wxing ~umg(Fsint + W cosw)
or Pleosucosg — sinosing) = Wisina cong + cosu sin )
or Peoste ) = W sinte + @)
Fo= Wiamia + @) (d4.12)

2. Body going down the plane

For the body shown in I'ig.d.6(b}. we get

P = Whunig - ) 15
R R
Y .
o P oS : F -« P Cosee
/\_ L7
. /\‘/a- ) 7w P
F Y T . N
Wsinega -~ Tov Paineg Wsinie s o~ "o WP sine
i La{f v Werosi /// o l;t/ YW eoser
{a) Body being raised i) Body being iowered

Fig.4.6 Body resting on inclired plane and sudjected 1o horizontal force

Efficiency of the inclined plane The efficiency of the inclined plane is defined us the ratio of
the clfort requived without iTiction and with friciion.

£,
0= —
P
1. For bady going up the plane with inclined {orce
S
i I~ itund
= oemd o LTptny (414
st + ¢ ) S cos(ft — ) |+ jecat ¥
2. For hody geing down the plane with inclined force
(' —ainw “i cosif) - o)
e e R
cosit sSinfg - o)
| — jetan i
—— (4.15}

| - eeoty
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3. For body going up the plane with horizontal force

tan o
3= —e e {4.16)
tanie + @)
4. For body going down the plane with horizontal force
tanioc — @)
p= Ao -9 “4.17)
tan or

4.5 SCREW FRICTION
Screws are used for fastening, load lifting und power transmission purposes. Screws may have single start
or multi-start threads. Lead is the product of pitch and number of starts.

Let p = pitch of the threads

L = lead of the threads
d = mean pitch circle diameter uf the screw
o = helix angle. that is the inclination of the threads with the horizontal.
L
Then W = L o — {4.18)
wd Td

4.5.1 Screw Jack
A screw Jack is a device for lifting loads. The principle ot working of a screw jack is similar to that of an
inclined plane. Figure 4.7 shows the common form of a screw jack.
w
- Head

.

f‘\fm.-";{‘r‘
Flﬂt" e d )

Fig.4.7 Screw jack
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let P
W

w1 = coefticient of friction between the screw and the nut

etfort applicd at the circumference of the screw 10 lift the load
load to be lilfted

Raising the load As derived in Section 4.4, for raising the load, we have
P = Wunle ¢
Torque required to overcome triction between the screw and nut,
T1= P xd/2=Wdianie +¢)/2
Torque required to overcome friction at the collar,

T2 = pu W, /2

where = collar coefticient of friction
dy = mean diameter of the collar
Total torque, T =1 ~Tr=(Pd+ 1, Wd, /2 (4.19
Let F = bethe effort applied st the end of a lever of length /.
Then T = Fi (4.20}

Lowering the load For lowering of load, we have

F=Wani¢ o)
The rest of the formutae remain the same as for raising the toad.
Efficiency of the screw jack

Lan o

Efficiency, = — —- . tor raising the load
J 7 tan(w + @) The
tan{g — o . .
= d)——l for lowering the load
tano
. . ¢y
For etficiency to be muximum. T th
ifer

tanw il ~ tan o tan ¢)
N o+ tang

 (aney [ (2 (559)
()

suee 4 -“_'"ﬁ] B

[NV [N

Now n =

COs or

SN feos ¢ cos ¢ — sin o sin g
cosafsina cos ¢ + sin g cos al
St cr Cosfir + )

cos a :Nin.(a + Qﬂ

SIN2g -+ @) -- sing

S 2 4+ @) + s g
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For ctficiency 1o be maximum, sin{2¢ + ¢ = {1,

or o+ = 90°
45°% —
or o = P9
2
l - sing
Tmax = ——c . -e-- 4.21
Hmax |+ sing { }

Self-locking and overhauling screw  The effort required for lowering the Toad .

P

Wian(gp — o)

d o d
Torque. r=27r (,‘) = W ( -;) Lni¢ — o}

Torque will remain positive if ¢ = . Such 4 screw is called o self-locking verew. If ¢ < w. then the

torque will become negative. In other words. the screw will fower on its own. Such a screw is called an
aver frauling screw.

Fore = ¢ the efficiency of the screw becomes,

tan ¢
n= .

tan 2¢
For a seltf locking screw, lan ¢

e 12 —un? fz] 50%
Totan ¢ T [ i ¢12) = ‘

-

Screw having V-threads Forusorew having V-threads. as shown in Fig.4.8. let 28 be the angle
of the threads.

Fig.4.8 ‘ithreads

W
Then. the normal reaction on the threads. R = —-
cos
. . . i .
Frictional force., F = uR = (_) W
cos ff
= f.W

where ji,. 15 called the virtual or equivalent ¢ oefficient of friction.

Therefore. for a screw having V-threads, the virtual coefficient of friction should be used to caleulate the
tlorgue required to 1ift the load.
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Example 4.1

A square threaded bolt of root diumeter 2¢ mm and pitch 5 mm 1s tightened by screwing a nut whose mean
diameter of bearing surface is 50 mm. The coctficient of friction for nut and baolt is 0.1 and for nut and
bearing surface is 0.15. Find the force required at the end of a spanner 450 mm long when the load on the

bolt is 10 kN.
H Solution

Mean diameter of screw, d,,

lan o«

o

¢
)[l

Fl =

F o 450

F oz

Example 4.2

de+ T =20425=225mm
p
- . =0.07073
wd, (7« 22.9)
4.05°
= o O.In=571"
Wotan(e -~ ¢
(0 x 107 x wn{d.05 +5.71)° = 1720.1 N
Pdm
e WR,
- 225
17200 x "7 +0.15 x 107 % 25

1935112 4+ 37500 = 56851.12 Nmm
T

S56851.12

[26.33 N

The mean diameter of a bolt having V-threads i 25 mm. The pitch of the thread is 3 mm and the angle of
threads is 55°. The bolt is tightened by screwing a nus whose mean radius of bearing surface is 25 mm. The
coefficient of friction for nut and boit is 0.10 and for nut and bearing is 0.15. Find the force required at the
end of a lever 0.5 m long when the load on the bolt is 15 kN.

B Solution

Fi

-1 ( 3
tan —;—-) = 3.64%
25w

0.1
(L_‘t)s 275
Wiunilo + &)
15 x 10% x wn(3.64 +6.43)° = 2663.8 N
bdy + . WR

5 WR,
2663.8 x 12.5 + 0.15 x 15000 x 25
33297.5 -+ 562350 = 895475 N

T
80547.5

tan !

):&M°

. 791N
500
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Example 4.3

Two tie rods are connected by a turnbuckle having right and left hand metric threads of V-type. The pitch of
the threads i5 5 mm on a mean diameter of 30 mm and a thread angle of 60°, Assuming coefficient of friction
of .12, find the torque reguired to produce o putl of 40 kN,

B Solution
i .12
Hy = = ——— = (L] 3856
cos B cos30°
d = tan "'y, = 7.80°
— . . -
= tan /) = c—- =34
v (p/md. (1 x 30)

{(2) When rods are tightened

o= Wianle + ¢)
= 40 x 107 x tan(3.04 4- 7.89)°

= 7724 5N
Fod
S

Torgue, T =
= 77245 % 15 x 10 7 = 11586 Nm

(b) When the rods are slackened

' == Wianig — o
= 40 % 10% x an(7.89 - 3.04)
= 3304 N

T = 3194 < 15 % 1077
= 50091 Nm

4.6 FLAT PIVOT BEARING

A flat pivot bearing like the foot step bearing is shown in Fig.4.9.
Let W = load on the bearing

R = radius of bearing surface
p = intensity of pressure betwzen rubbing surfuces

4.6.1 Uniform Pressure
When the pressure is uniformly distributed over the bearing surtace area. then

W
oz -
f TR~

Consider a ring of radius » and thickness d - of the bearing area. as shown in the figure.
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e 3aft
_ W

Flat beanng

Fig.4.9 Flat pivot bearing

Arca of bearing surface. 84 = 2wr-dr
Load transmitted to the ring, AW = p 54

Frictional resistance to shding at radius r.

Foo= p-3W - 2mp - prdr

Frictional torque on the ring, dT) = For =2 ;rrj dr
R R
Tetal frictional 101gue. T, = [2;'(,({..')!': dr =2 up [r: dr
D 0
R
= 2Tpp-—
Hi 3
8l W R
=t 2Ji
S
Power lost in friction. P =T w
where w = % rad/s and & is the speed of the shatt in rpim.

If the shaft of radius K> is resting on a dise of radius K, then

#
Ty = 2mup /;‘3(1a‘
&,
(R - K
= 3‘7'(1[_.{.;}.._.-_._.\...__'__
v ;
and po= —

7 (K - R{)

(4.22)

14.23)
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The rate of wear depends upon the intensity of pressure and the rubbing velocity. The rubbing velocity
increases with the increase in radius. Therefore, the wear rate 1s proportional to the product of pressure and

rudius. For unitorm wear,

ar
where C 18 o constant.

Load transmitted to the ring,

Total load ransmitted to the bearing,

ar

Frictional torque acting on the ring.

Total [rictional torque on the bearing.

It the shafl of radius R s resting on

4,7 CONICAL PIVOT BEARING

"

i

AW

ATy

T

Ty

Consider a conical pivot bearing as shown in Fig.4 10.

Let p, =

o = semicone angle;
=

K = radius of the shaft.

i 2 dr

= axCdr

K
xC / dr
0

TCR
W
TR
Il:rgipr': dr
2aprdr
bt

2apcC [ rdr

0
TH CR*

. s R
I W E

(4.24)

a thae of inner radius Ky, then

R

2auc [ rdr

R

T (R = R7)

(4.25)

intensity of normal pressure on the cone:

coefticient of friction between the shatt and the bearing and
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w
T
Tl Shaft
R
- »l
) - Conical bearing
| df -

/<—J_ .

”
) )
-

@ j
.
N

Fig.4.10 Conicat pivot bearing

Consider a small ring of radius » and thickness dr. Let di be the length of the ring along the cone. so that

df = ofr - cosecw
Area of the ring, d4 = 2rr-df = 27r  dr cosec o
4.7.1 Uniform Pressure
Normal load acting on the ring, AW, =2rr - p, - Ir cosecw
Vertical load acting on the ring. SW = 4W, vine

R R
Total vertical 1oad transmitted to the bearing, W = [rSW = Z!:rp,,fr dr
B n
=T Rzp,,
H}
T RY
Frictional force acting on the ring tangentially at radius . Fy == p - 8W,

or i =

Frictional torque acting on the ring dfy = Fpov
=27y (OSEC o - r.dr
R
Total frictional torque, Ty = 27xu-p, coseca rtadr
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X

(—) W R cosee o {4.260

) R pp, - cosec o

U I P AT I )

4.7.2 Uniform Wear

In the case of uniform wear, the intensity of normal pressure varies inversely with the distance. Therefore

pa-r = C. where O s a constunt
Load transmitted 1o the ring. AW = p, - 2mr odr =220 - dr
R I3
Total load transmmtted to the bearing, W = [h‘w =2l / dr=27C-R
i )
. W
or O =
2a R
- - . . X
Frictional torque acting on the ring, ATy = 2mpe- p, - cosec o -r - dr
= 2mu-C cosecw-r-dr
R
Total frictional torque acting on the beartng, 7y = 2mp - C - cosec o [r -dr

it
=an - C- R -coseco

1
= 5 x fiWRcoset o (4.27)

4.8 TRUNCATED CONICAL PIVOT BEARING

Consider u truncated conical pivot hearing as shown in Fig.4.11. Then

. . W 7 k)
Intensity of uniform pressure, Pn = — [r: — ’T)
T -

W

e ¥
-~ >
! . T T

Fig.4.11 Trapezoidal pivot bearing
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4.8.1 Uniform Pressure
Total frictional torque acting on the hearing.

1

oo o= Zmpp, conec I eode
!

cosec (v )

= 2T, ;
Rl
1V . A A {J‘J - .i]ﬁ‘)
o dmp | s | e LT
a(ry —r7) 3

S 2o |
= ) pWoconec e -3 S (4.28)

3 vy

4.8.2 Uniform Wear
Tutal trictional torgue acting on the bearing,
T = 2mpcosec w l rodr
.'I'.|
= il COSCL (! - ,])
[ W ( 4 3)

— Ty R el i | ey "y

! L,Ez iry — - !

. (rr =gk
= pWoeosecw 7
2

= Wi, cosev (4.29)

4.9 FLAT COLLAR BEARING
A single collur bearing is shown in Fig. 4 120wy aad the muliple collar bearing tn Fig 4.12(h). Let
Fioora —onnet and outer radii of the bearing respectively
Arca of the bearing surtuee, A =7 {rz2 - .-] t
4.9.1 Unitorm Pressure
Intensity ol pressure. p =W /A = \H-"' .,
T frs =)

Frictional torgue on the ring of radius » und thickness di.

1

db = 2ap - poi - dr
.l':
Total trictional torgue. Peo= 2aup f rood-

]

= (illﬂp(!:‘ !.j)
R i r'l-

- (; )W {__1 } (4.30)
) ."_.' - f']_ i
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w

et Yl
w | [
: ; >

_ TN, :

g _hhd"‘/“———_ 4 ; r
no : * < 1
. " A

-
M S
B S
{a}) Single collar Eeating by Muttiple collar bearing
Fig.4.12 Ccliar bearings
492 Uniform Wear
For untiorm weur. the load transmitted on the ring.
SW = p, - 2w odr
= 27 - dr
Total load transmitted (o the collar. W = 23C / Jdr
= 27
C W
or A
RE ST i
Frictional torque on the ring, A7, = p - 8W . r =27 g0 - C-r - dr
e
Total (riclional wrgue on the bearnz, Ty = 2o C / roodr

S )
= W S

= uWi, (4.31)

4.10 ROLLING FRICTION

Consider a cylinder or sphere rolling on o {lat surtace. as shown in Fig 4,13, When there is no deformation
of the surface on which rolling is taking ptave, then the point of contact will be a line in the case of a cylinder
and a point in the case of a sphere, as shown in Fig.4.13(a). If the surface deforms, then the shape of the
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surface will be as shown in Fig.4.13(b). Let the distance between the point of contact B and the point A
through which the load W passes be b and F be the force required “or rolling. Then rolling moment is equal
10 /-t and the resisting morient is W - A, For the equilibrivm of 1orces, we have

Fh=W.§h

where b is known as the coefficient of rolling friction, and has linear dimension.

lw
E
r \ F
\II.
¢ |
ia}
Fig.4.13 Rolling of a cylinder cr sphere
Let F,. = force applied to the body for rolling

F, = force applicd to the body for shiding

h
Then F, = (—) W
and Foo= - W

The body rolls without shiding. it . < F, ar ¢ = . The body will slide it . < F, or < 2. The

body will cither roll or slide it ¢ = ':;

4.11 FRICTION CIRCLE

Consider a journal bearing, as shown in Fig.4.14. When the journal is at stand still. then the point of contact
isat A. The load W is bulunced by the reaction R. When the journal starts rotating in the clockwise direction,
then the point of contact shifts from A to 8. The resultant of normal reaction R and force of friction £ = uR
i5 §, as shown in Fig.4.14(b). For the equilibrium of the journal. w2 have

W =g
Torque. T =Ww.0Z
= W . 0O8smg
= W rrung (angle ¢ being small)
= W rp (4.32)

A circle drawn with centre O and radius OC = r sin ¢ = rp is called the friction circle.
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Bearing

Journal

Friction circle

Fig.4.14 Firction circle

Example 4.4

A vertical shaft 140 mm diameter rotating ot 120 rpin rests on @ flat end footstep bearing. The shaft carries
a vertical load of 30 kN. The coetficient of friction 15 0.06. Estimate the power lost in friction, assuming

{a) unitorm pressure and (b) uniform wear.

3 Solution
{a) Uniform pressure

Power lostwn (riction

(b} Umiform wear

Power lost in {rict:on

it

2
(g)vﬂWR

3 X
(%) « 0,06 < 30 x 107 x 0.07

84 Nm
T
i 120 1
84 < z,vw.—_)xm-
6l
1036 kW
W R
H 3
. 0.07
.06 = 30 < 1) % .
63 Nm
. 120 .
63 x |27 x — | x 1077
60}

0.79 kW
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Example 4.5

A conical pivot supports a load of’ 25 kN, the core angle being 120¢. and the intensity of normual pressure
does nat exceed .25 MPa. The external radius is (wice the interial diameter. Find the outer and inner radii
of the bearing surface. If the shaft totates at 180 rpr and the coefficient of friction is 0.15. find the power
lost in friction. assuming unitorm pressure,

B Solution
. W
Intensity of normal pressure. p, = —-
i)
38 % 101
028 = —. ——
T {{Irj )= -- :‘i'|
o= i n
roo= 26 nm
3 _,__Ii o)
Erictional torque., = (;) pWeosecw . o — ',
3, ReRutat
2 ; 2067 — 1037
= ( ) XL 2550 WY x cosee 607 | —— 7
3 A6- — 103
= 6933 Nm
. . e8]
Power lost in (riction — 17, -
S0t
I I
= 6938 x =ML - 3R RkW
100t}

Example 4.6

thrust from the propelleris 120 kN, H the coeflicient of friction is 0,15 and speed of the engine 10 rpw, lind
the power lost in friction at the thrust block. assuming ta+ unilorm pressure, and (b) uniform wear.

B Solution

() Uniform pressure

3

'I
o
-d 1

Erictional torque,

PR
) W l - }
3, R
300° — I‘i{}-“}

) LIS % 170 % 10 « [ —_

LRI B ]

= J2Hy Nm

o (27 = 100 0ih
Power lost in tmiction = 4200 % _W)(_)[] = 1308 kW

(b) Uniform wear

Frictiona] torque, o= nWe,

: 300 + 150y

= 00T R 0 [ 2 < 107 (— —:— = J)5{) Nm
L {27 o 0 !

Power lost i fhiction = 3050 < —— “i.l)(lfi c=s = 4241 kW
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Exercises

1

10

A sguare threaded screw of mean diagmeter 30 mm and piteh of threads 3 mm s used to lift a load of
15 kN by a horizontal torce applied at the circumference of the screw. Find the force required if the
cocfticient of friction between serew and nut is .02,

A turnbuckle with right-hand and left-hand single start square threads is used (o couple 1wo railway
coaches. The pitch of threads 1s 11 nm over o mean diameter of 30 mm. The coetficient of friction is
.15, Find the work 10 be done in drawiny the coaches together o distance of 300 mm aganse a steady
load of 2.5 kN,

A vertical two-start square threaded screw o 100 mm mean diameter and 20 mum pitch supports a vertical
load of 20 kN. The axial thrust on the screw s taken by u collar bearing of 250 mn outside diamerer and
HOO mm inside diameter. Find the toree reguired at the end ol a lever 430 i long in order to litt and
lower the load. The coctlicient of friction tor the verticul serew and nae 15 0015 and that tor the collar
bearing is 0.20.

The spindle of 4 serew jack has singl: start squire threads with an outside diameter of 50 mim and a pitch
of 10 mim. The spindle moves inu fised not The load s caried onoa swivel head but is not tree o
rotate. The bearing surface ol the swivel bead has a mean diameter of 60 mm. The coctficient of friction
between the nut and the serew 1s 0 12 wnd that between the swivel hedd and the spindle 1s 010, Calculate
the load which can be raised by efforts of 125 N each applicd at the end of twa levers each of effective
length 400 mm. Alse tind the efficiency o the lifting system,

A Tt foot step bearing 300 mim in diwmaeter suppo-ts o toad of & kKNU I the coetficient of friction is
0.1 and speed ot the shalt is 80 rpuw find the power lostin friction. asswning ta) uniform pressure, and
thy uniform wear.

A vertical pivet bearing of 200 mm cinneter has i coae angle ol 1309 11 the shaft supports an axial load
ol 25 kKN and the coefficient of ricticon is 0,25, find the power lost in [netion when the shaft rotates al
300 rpm, assuming (ay unifornt pressore wad (hy unitorm wear.

A vertical shalt supports a load of 30 kN in a conical pivot bearing. The external radius of the cone iy
three times the internal radius and the cone angle is F20°0 Assuming uniforny intensity ot pressure of
(.40 MPa. Determine the radii of the hearing. Hthe coefficient of fniction hetween the shaft and bearing
15 .05 and the shaft rotates at 130 rpiad tind the powaer lost in friction,

The thrust on the propeller shaft of @ mwine engine is taken by & collars whose external and internal
digmeters are 650 min and 400 mm respectively, The thrust pressure is 0.5 MPa und may be assumed
uniform. The coetficient of friction hetwe:n the shaft and collurs iv 0,04, 11 the shaft rotates at 120 rpm,
find (a) total thrust on the collars and th) power absarbed by friction at the bearing.

The movable jaw of a bench vice is at the upper end of o hinged arm (25 m long, the centre line of the
serew being 400 mm above the hingz. The screw has 25 mm outside diameter and has 6 mm pitch. The
mean radius of the thrust collar is 3 mm, Find the tangential toree (o be applied to the sevew at a radius
of 300 mm to produce a torce of 6 kM it the jaw. Also find the mechanical elticiency of the vice. Assume
the thread and collar coetficients of friction to be 0.1 and (U150 respectively.

A pivot bearing of a shaft consists ol @ lrustrum ol w cone. The diameters of the frusgrum are 200 mm
and 400 mm and its semicone angle i~ 607 The shadt carries @ load of 40 KN and rotates at 2440 rpim.
The coetficient of friction is 0,02, Assuming the intensity of pressure to be uniform, determine (a) the
magnitude of pressure and (b) the power Last in friction.
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1

12

What force will be required at a radius ot 80 mm to raise and loaer an 11 kN crossbar of u pianer which is
raised and lowered by two 38-mim square-thread single-start se-ews having a pitch of 7 mm? The outside
and inside diameters of the collar are 76 mm und 38 mm respectively. Assume the coetticient of friction
at the threads as 0.11 and at the collar as 0.13

A square-threaded bolt of mean diameter 24 mm and pitch 5 rim is tightened by screwing a nut. whose
mean dizmeter of bearing surface is 50 mm. [f the cocfticient of friction for nut and bolt is 0.1and that
for nut and bearing surtice is .15, find the force required af the end of a spanner which is 0.2 m long,
when the load on the bolt iy 12 kN,



BELTS, CHAINS AND ROPES

5.1 INTRODUCTION

Belts, chains and ropes are used for pove o capsminsion. Belis and chams are used for short centre drives
whereas ropes are used for fong centre b tinees, Belts are ol two nvpes - 1Tt helts and V-belts. Chains give
i mare positive drise than belts. There are problens of shp and creep i belts. Belts ¢an be either of the
apen ype oreross type. I this chapter, v o sbadl stidy belts, chains and ropes from the point of view of
PORCT LusTission,

5.2 FLAT BELT

5.2.1 Angular Velocity Ratio

Consicler the vpen bedt drive shown m Biz5 11 et the soradler pulles be the diver and the bigger pulley the
driven tor tollowery. When the driveris rotatn; antictockn ise. the top side of the belt will be the tight side
and the bottont side the shek side.
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Tight side
e T T -
\
N
dl
v .
n.
>
“_7_'_/_‘—-—.-—.__ .
Driving Slack side
puliey : Driven
i ) pulley
Fig.5.1 Flat belt drive
Letr , = diameter of the driver pulley
i~ = diameter of the dniven pulley
ay = rpm of the driver
nr = rpm of the driven
. o 2
Then angular velocity of driver, = racks
7
e 2,
and angular velocity of follower. wr = o radfs
1
. . fth) i
Angular velocity ritio, - = =
(] e
Linear velocity of driver. vy = e
Lincar velocity of follower. 12 = i
Assuning there i ne slip between the beltand the pulleys. vy = .
iy ef> )
L (5.1)
1 d|
If ¢ i the thickness of the belt. then
nyina =d4da i =0 (5.2}

5.2.2 Effect of Slip
Slip is the difterence between the specd of the driver and the be't on the driver side and the belt and the
follower on the driven side,

where v =

Let &) = percentage slip petween the driver and the belt
53 = percentage slip helween the beltand the 1ollower

[
Lincar speed of belt on driver — 1 ( -i-[_i—]-l )

Li 1 of foll (1 sy .s-:)
wear speed of follower, v = ¢ L
el OWER T g )( 100

1 — (57 40> 01g 80
. i Disis:
: 100

( I - )
== I'l = -
1))

(o) + o2 — 0001w 52)

—- 15 the 1otal percentage ship.
10O i
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4z I = dy 1) -
Henee I [ ) oL (5.3}
100 1

5.2.3 Law of Belting

The Taw of belting states that the centre Tie of the belt i it approaches the pulley must lie in a plane
perpendicular 1o the axis of that pulley, or st Tie in the plane of the puliey. otherwise the belt will run off
the pulley,

3.2.4 Length of Open Belt

Consider the open Tat belt drive shown 1 Fie.5.2 The lergth of upen belt,

L= e AEB + are CFD -+ AC - BD

. dyir — 2l

arc A3 o
2

fat 4 2ad

arc CFY = o R

AT = B O| G = Ceonw
diim — 20 datr 4 2

f, = 5 + N « 20 cos
| S
T
/f——/_;.\ llll‘--

/ I"\ ﬂ‘_ ' . QRS en G | O ) \
I S PP "-, 2___———' - e | 4 |
EIH /6, Jr ‘ ! o.) |7

\ ! i | 'l.-'l
- 4 . fll
\jx 5 / L
—Z -, !
B T AN
T e \ ﬁr‘ [ -
______'“\:'-“-JL__ . e
o —
- [ -

Fig.5.2 Open flat belt drive

G (0-C - CGy 1O C AON)

Now o . L= o _
0 0- s [
) - -
o= osine = =T
2
i s
i' B 1.3 {h‘I: 1.‘r|) -
cosee - ] .\'!Il_u’:| =: | ] S
[ 2(
| (el —dd)) :
8OC
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T (d) + )
b= TR e 2(_[|

f. = — T .2

2 20

T () ) (ef~ u’||: _(‘li] —(dg—(.ﬁ]:

((."3 e ('."| ]2

= i

) -

= 20 4

5.2.5 Length of Cross Belt

Consider the ¢ross belt shown in Iig 3.3 The leagth of cross flae belr,

{.. = urc AEB+ arc CEB+ AD 4 BC
!
are AEB = (1 | Za}{nl

t,‘r—i—?u}f;i
AD = BC=0.G=Cuoosu
oG A - AG B OiA - i D

N0 C c

arc CEB +

Now My =

- s
[ I:.rfi o } }
o = [ - ——=
2C

td + ff;]l
B2

et . _' .
- 2

[, =2 {I —uh El]_:_ Tl ) b tdi + d>)

i f(!| +f1’13.] ira‘]] t n‘r_'f.];z

= 20 +

Fig.5.3 Cross flat belt drve

(e~ — oy }2
87

e

|
|

(5.4

-
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5.2.6 Angle of Arc of Contact

L Open betr - The angle of are of contact on the smaller pulley.

= 1 lu
i TERR )
=1 2sn ! [—— } {5.0u)
2C
The possibility of slip is more on the smalles pulley due to smaller angle of are of contact,

2. Cross pelr - The angle of arc of contact on cither pulley.
it = 7 F 2w

I+ de
“ E‘] (5.6b)

_ i !
= T F2sm [ 22—

5.2.7 Ratio of Belt Tensions

Let T) and 75 be the belt tensions on the tight and sluck sides respectively, as shown in Fig 5.4ia). Let o
be the angle of contact on the pulley, Consuder a partion A8 of the belt onaneular are 8t Let the tension
change from T 1o ¥ + 87 in going from Ao 8. Let R be tne normal reaction on the pulley and p R the force
of friction. The forces acting on the belt- pulley systam are shown in Fig 3. 4ihy,

R

(a) Forces on the: belt (b}

Fig.54 Belt tensions

YL oy b
K -1 sm( )-f[’i"r;h’:hm(—)
: 2

B L
f s b {-f)!}-j--

Resolving the forees vernicalty. we husve

EER AR

Resolving the forces horizontally, we hiave

: , ! . At
pb= 0+ #1 ]cm( - ) - f L'ﬂ\( ,}') = AT

2
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o I Far == &t
AT ;
0T B TR
I f
f'l i
ot '
7 == jo-
} '“
i '}'j
In| - ) CE
| )=
.I.l _
or _,’_ -= L\_\'p(lu_h‘] [3.?}

The ratio ol belt tensions is given hy (5.7),

5.2.8 Power Transmitted

(ry - e
Power transimitted, o= AL LW (5.8
1GeHD
) 1 - uexpl—pf) _
L |:‘ MO W (5.8h)

5.2.9 Centrifugal Tension

The centrilugal tension is introduced in the belt due o its nuss. Let 70 be the centrifugal tension inthe beit,
Consider the length of the helt over an angular are 84, as showit n Fig.5.5. The foree acting on the belt due
to belt ension,

= f {580

( v . Y s2
! i g B2
\ / T
/ ©oo
e
e L

Fig.5.5 Centrifugil tension



Centritugal torce acting on length AS amd of umit widhh of the bebi due to angular velocity.

F,
where  m = mass of the belt per unit length
r = radius of the pulley
i = speed of belt
For equilibrium of the belt,
1w
T
Centrifugal stress, .

where 7 = width of the belt and

t = thickness of the belt

Effective tension oo tight side == T~ 7

Litective wension on slack side = T — 1

mo-rSH ] et

,
A
FITRR I
hl
Fiinn
i NS
bt fa

5.2.10 Condition for Maximum Power Transmission

Power transmitled.

Let 1 expl—pf) =&, so that

Now maximuni belt tension,

or

For £ tw be maximum,

ar

ur

ur

;)

d P

oo

LT - Bhone”
.

of Tave

Ty Loexpl e

A

Iyt T

T -T

et =T
ke - KA1
kv hmt
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5.2.11
Let

Initial Belt Tension
7, = initial wension in belt
Resultant tension on tgpht ~jde = f, -

Resultant tension on sfack side -+ £, -

‘!JIII.I\

i
7

Since the belt length remains constant. theretore

=1,
or 1.
Considering centrifugal teasiom. /.

7 \II_"' t (]
= !\T( . } f\m(:—--)
S RITE
S |
— A ( I A
SRUTEA 3
2y b
= (__‘ ) - s (5,12}
R I S .
- IR
I+ _
= [RIERT
2
T4 ooy
= -h (5.13h)

5.2.12 Effect of Initial Tension on Power Transmission

Ratio of tensions.

Inial wensions,

of Iy
TR
and

-

Power transmitted.

= expljfty -
FA R S
= 20
= 24,
RIS
= |- |if i
I+
1
= I

tfy T
2 vy .
= | - Lid T
2 G )
= | = HFL - e
{ ot J( )
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. . o P
For # 1o be maximum, L= {)
o i
2 -1y .
— (7. - 3 =1
(et I ( “ )
f, = RPTES

= 37, (5.14)

(3.15)

|t
| —
)
[ I
:J

dyfe=1] rle -
={. ) s (5.16)
37 Lo+ ] GRay™?

While starting. v = yand 7, = 0. Henee

e i
ro= |-
Lot 1
[ 2 7
While running, T = —}——1 (F, =1
.
S
Hence maximum belt tension, T = |-- T T, (5107
.

5.2.13 Belt Creep

The tension on the tight sude s more than Uw tension on the slack side. As aresult of this, the belt 1s stretched
more on the ught side as compared to the slack side. Therefore, the driver puiley receives more length of
the helt and delivers less. Hence. the belt creeps forward, The reverse occurs on the follower pulley. The
tollower pulley receives less length of the belt and delivers more. As a result othit. the belt creeps backward.
This phenomenon is called creeping of the velr.

Croep o= 212 (5.18)
It F '
where £ s the modulus of elasticity of belt ozl
The veloaity ratio becomes,
n2 _ (ﬂ ) [_{f-"?} (5.19}
H \d’: ! E - V-"t’T|

5.2.14 Crowning of Pulleys

The pulley tace is given a convex curvature aind is never kept flat. This i~ called crowning of the pulleys.
This helps in running the belt in the centres of the pulley width, Crowning prevents any tendency of the belt
to fall off the pulley tace.

5.2.15 Cone Pulleys

Consider the cong pulley block shown in Fig 5.0, Let N be the speed ot the driver block, and Ry, Ra, R;.
ete. the radii of its pulleys. et the radii " the driven pulleys be rporaraetes and speeds ry, na, 1y, ele.
The centre distance between the pulleys is ¢
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)

M
G
Ry
IR,
. Driver
i i N
- C
o
]
R
s
Driven
f
nyi_ |
.r'i3
nz ]
n

Fig.5.6 Cone pulley sysiem

Now N = rimn
N L]
or =
18 R]
Similarl A
imilar - s
Y " R-
N r
-— = o and so o1
"3 .R_i
let nx == ki
Theref A Ky L ( R )
erefore R L
g N N o
Similarl 3 2 ( R )
imilar PR R
y N i"|
M; . R R;
or in general, - gD ( -—J) = {5.20)
N Fl "
Hy - L a1
and -— T J{ (5.._.}}
Iy

The length of the belt 15 same for all the conas. theretore

B 4y =z constant. 4 == 1,23 cte. (5.22)
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5.2.16 Compound Belt Drive

tn compound belt drive, the driven pulley of the first set is mounted on the same shaft on which the driver of
the second set is mounted. Let pulley | be the driver for the first set and pulley 2 its follower. The driver of
the second set, pulley 3, is mounted on the swmc shalt on which pulley 2 is mounted. The follower of second
sel iy pulley 4.

Ha |f|

;|_ - o>

Mny i

ne oy
Hence o (d_"_!f)

" drdy

or in general,
Speed of ast driven Product of diameters of drivers (5.23)
Speed of ‘trst driver  Product of diameters of drivens T

Example 5.1

Two pulleys of diamieters 430 mm and 130 mm are mounted on two parallel shatts 2 m apart and are connected
by a tlat belt drive. Find the power which can be transmitted by the belt when the larger putley rotates at
{80 rpm. The maximum permissible tension in the belt is | kN, and the coetficient of friction between the
belt and the pulley 15 .25, Also find the fength of the cross belt required and the angle of arc of contact
between the belt and the pulleys,

N Soiution

% 450 = 180
Py = e — 4 2 mys
- 60 x 100

180 x 450

| = -————— = 540 rpm
i 150 P
! i- 150) 4+ 450
Now sne = DB FA S ots
20 SO0
o o= K.627°
Angle of contact. o= &+ 2 =197.254" or 3.443 rad
h (ut)
— = expipf
T~ P
= exp{.25 x 3.443) = 2.365
T 1000
o= L = T 42 83N
2365 2365
tn
Power transmitted. = r Ty -
OWCT Trans 8 (fy 2 560

_ 124
= (1D00 — 422.83) x - —— = 2.447 kW
[ 000
Tl b idy + da )
2 4C
(0450 + 01505 (0.450 + 0.150)°
+ 5 + 2

Length of cross belt, L. =2C+

= 4987 m
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Example 5.2

A shaft running at 200 rpm drives unoether shadt at 400 rpm, and srinsmits 7.5 kW through an open bett. The
belt is 80 mm wide and 10 ram thick. The contre distance is 3 m The smaller pulley is of 300 mm diameter,
and the coetficient of friction between the belt and pulley is 0.3t Caleulate the stress in the belt,

B Solution
iy 0
d~ = - = =4 - = (00 mm
"o )
row SO0 = i)
o= e == 047w
60} = FO)
. dyd 1Gn) - 300 _
sl = - s o = {10625
ket N0
o = FARY
Angle of arc of contact, A= 180Y — 2o - 172.93° = 3.00165 rad
r
!—‘ < exp () = eap (0.3 x 30163) = 2.472 ()
Power transmitted. Po= (T, =1 ]:’:’U() kW
r 7 TR w1000 162 N )
[ = = b A 2z
Lo 10472

From (1) and (2). we get

=127 il 4 = 4B65N

T
Maximum stress in the bel == ) :
2
(2037 ] q
=2 = ] 503 N/mm-
8 < [{

Example 5.3

A leather belt is required to transmit 8 kKW from a pulley 1.5 nnJ ameter running 2t 240 rpm. The angle of
contact is 160° and the coetficient of friction between belt and pilley is .25, The sate working stress for
leather 1s 1.5 MPa and density of leather ix 1000 kg/m”. Deterin ne the width of the belt if its thickness i
10 mm. Take into account the eftect of centrilugal wension.

B Solution
) . a x 1.5 x 24
Velocity of the belt, rom - - 60 = 1885 m/s
v
Power transmitted. o= 0 =T
LRSI
. - FO00
- = 8 x -~ = d2MAN
18.85
g ()
o= enp i
7 ARYS

= oip ((}_2'5 « 16d) > ]%{—}) = 2.01
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V1o REVGN  und T = J4202N
Mass of the belt per metre length,  w o= H = 000 50 1 < HOO0 = 100 ke

Centritugal tension. o o = T0A(IRRST = 35332 < HN
Maximum tension in the belt, Pt
= 1.5 % 10" 5 b= (101 = 15000 % & N
7 =TT,
or 15000 6 — 344 64 3553 2h

oo O3B m o or T3

Example 5.4

A pulley is driven by a flat belt 100 mm wide und 6 mum thick. The density of belt material is 1000 kg/m*.
The angle of lap ix 1207 and the coefficient of triction (L3, The maximum stress in the belt does not exceed
2 MPa. Find the maximum power that can be transmited and the corresponding speed of the belt,

B Solution
Mauxunum (ension in the belt, oo 2o IO 1 x 0L006 = 1200 N
Mass of the belt per metre length. mo= 01 % 1006 x T x 1000 = (L6 ke/m
J ns
Speed of the belt Tor maximunm posver - [)‘- : ]
Im
e
S lixoe
= 2582 mfs

For maximum power to be transmitte-1 the centrifugal tension.

N T 1200 L
Jo= L= T 400N
3 3
-]!‘: .
- —oeapi0 3w 120 7180 = 874
L= T = 1200 - 400 = KOO N
i ®OK)
]’ — __]_ = - :42(}8“
1.874 1874
v
Maxi or trans vittee = (Fy - T2y
aximum power trans ritte (r 2) [Tion
RS
= (800  126.8; -
100}
2 9636 KW

Example 5.5

An open belt drive is used to connect two paradlel shafts 4 mapart. The diameter of bigger pulley is 1.5 m
and that of the smaller pultey (.5 m. The ness of the beltis 1 kg/m lenzth, The maximum lension is not (o
exceed 1500 N, The cocllicient of tricton 1~ 0 25, The bigger pulles. which s the driver. runs at 250 rpm.
Due 1o slip. the speed of the driven pulley i 725 rpmi. Calealate the power transiitted. power lost in friction,
and the etficiency of the drive,
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B Solution

250 _

1 o= 7 x LA x — = 190635 mi
61}
A

-

725
th = 7 x L8 % —— = 1808 n/s
60

To= mf =1 x (19.635)7 = 385.53N
T2 7 =T, = 1506 38553 = [114.47 N
o - dy 15-05

sing = S = —g = 125

v = 718

fi = 180° - 2o = 165.64" = .89 rad

T

?' = exp (i) = exp (0.25 » 289) = 2.06
] T 111447

T = — . = - = 510N

2.06 2.06

=T = 111447 = 541.00 == 57347 N

Torque on higger pulley, M| = 573.47 % (.75 := 420t Nm
Torgue on smaller pulley.  M> = 373.47 x 0,25 := 143.37 Nm

- R | . 19.635
Power transmitted. P =Fh-7%  ——=57317 « = 1126 kW
1O HKW)
LA
: (.Err s -!%)
Input power, A= Moy =430 « e = 11.26 kW
{2 % z{i—?
Cutput power, Fro= Mrwn = 14337 x e = 10.885 kW
Power lost in friction, Ppo= 1126 — 10885 = 0375} W
. - . 11885
Efficiency of the drive = = = 90.67%
11.26
Example 5.6

Two paraliel shafts 5 m apart are connected by open flat bolt drive. The diameter of the bigger pulley is
1.5 m and that of the smaller puliey 0.75 m. The initial tension in the belt is 2.5 kN. The mass of the belt is
1.25 kg/mrlength and coefficient of friction iy 0.25. Taking centiifugal tension into account. find the power
transmitted. when the smaller pullev rotates at 450 rpm.

H Solution

T x 0,75 x 450 _
LT -— = 1767 s
60)

Too= m? =125 x (17.67)° = 39028 N
n+71+ 2T,

=
Ty 4 T4 2 x 3002
2500 = DA 2T

T4+ 72 = 421944N

o=

’;‘I—.’rﬁ
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(152075
¥ = ~In - - 4 3
10

& 107 o 2o == 17147 = 2,991 rad
/T = epiury=exp({).25 x 2.991) = 2.1125
T = 135565N and 1) =283 81N
I!

Power transmitted. Fo= (- Hhr——
1000

li

T a7

17.6
(CBO3 X — 1355.65) x O 26.65 kW
1060

I

5.3 V-BELT DRIVE

The V-belt drive is more positive than the {lat belt drive. 10ix a short centre drive and is preferred for power
transmission from the prime mover. The belt tatches the sides of the grooved pulley only, The V-belts are
classified as: A B, C. D. E.

5.3.1 Ratio of Belt Tensions
A V-belt in a grooved pulley is shown i Fig 5.7

[
R cosp R, cos ff
- rﬁ ’Hhh‘m__ ﬁ .l
R,sing 71\‘ R, sin /s
Rn x . rR’."
N 7
o
\ 2;’)': /
V7
SEANEY - m)
!
\
v
Fig.5.7 Forces on V-heit
Lot 28 = pulley promve angle:

R = total reaction on the pulley;
R, = normal reaztion between the belt and the sides of the groove and
p = coefficient of friction between the belt and the groove sides.

Then R = 2R,sinf
- R p— R
o " T 2singp

Y
Force of friction, F = 2uR, = ( —i-—) R =R
5.1

where ¢, 1s called the virtual. apparent or equivalent coefticient of friction.
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L . 7
Ratio of tensions. -_f-_l— =expij, ) (5.2

Example 5.7

A compressor requires 100 kW to run at 240 rpm from ar clectric motor of speed 750 rpm. by means ol
a V-belt drive. The diameter of the compressor shatt polley shousld not be more than 1 m while the centre
distance between the shafts 15 2 m. The belt specd should not exceed 25 mfs.

Determine the number ol V-belis required to transmitth > pow e it each beit has g cross -sectional arca of
375 mm®, density 1000 kgnn'®, and an allowable tensile stress of 2.5 MPa. The pulley groove angle is 40°
and cocfficient of friction between the belt and the pulley sides 15 {125,

B Sclution
, i 2400 « ]
Diameter of motor pulley, d = CIEy T 32 m
i
Mass of bell per metre length, gz 37500 L0 s 1o IO == 00375 kg/m
Velocity of belt, o= 25m/s
Centrifugal tension, i = mi = 02375 % 625 = 234375 N
Maximum tension in the belr, ' =aA=23 0 x375x 10"
= Y37 AN
Tight side tension, =T -7 - 81523375 = 703,125 N
) dr —{L32
sing = —--- " - . — ={1|7
2C 4
v 978
0= 180 - 2y =2 160,44° == 2.8 rad
AT = exp g, i
{025
= £X -':-'-j—'j) = 2.8
’ Lsin 207
= exp (2.0466) == 7.74
! TO3.125
T o= o= o= WLRAN
- 774
Power transmitted per bell = (T - T+ o
25
= (3125 IR x = 1531 kW
1006
. 100
Number of V-belts required =5 C A3 =7
.

5.4 CHAIN DRIVE

Chains arc mostly used to transnit power withoor shipping und with better efficiency than belts. They are
commonly used in motor cycles. bicycles, road mblers, and ugrivt lural machinery, A chain on the sprocket
ix shown in Fig.5.8. The pitch of the chiin is the distance seiween the hinge centers of the adjacent links.
The pitch circle diameter is the dismeter of the cirele on which the hinge centers of the chain link lie, when
the chain is wrapped round the sprockel.



Fig.5.8 Chain pitch

5.4.1 Chain Pitch

As shown in Fig.5.8. the chain pitch is,

2x Iy _ f} . H)
p = —"—-- X SN i)znnm y
_ 360° . .
where # = —— and 7 = Number of teeth
AL
Henee, p o= Dsm( -

5.4.2 Chain Length

As shown in Fig.5.9, the chain length

(R — Ra)”
20+m K+ R+ — c -

TR+ R =

Ry = (g)co.»;:c -
4
2

R = ( )CO‘i-iif ( _lf_i)_" )

L =

Belts, Chains and Ropes
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{5.25a)

(5.23b)

(5.26a)

(5.26b)
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M

Example 5.8

A chain drive is used (or sl

[

Fig.5.9 Chain drnwe

wetion o speed from 240 ot E2 e The number of teeth on the driving

sprocket s 240 Find the nember of ecth ontbe ds o spreched It 1he pitch circle dineter of the driven

sprocket is 600 mm ad contre destarec s b deterrine the pitcheand leneth of the chinn.

M Solution

5.5 ROPES

Ropes are used lor poveer srws st ov sy b distanes 4 e

drilling rigs. ane wextile i -

section and reguire groas

IR 4 s ali

T AT B

i 1M

e (M)

. o
{f_‘.-} oo ( 3N )

LTy 39 2 m

e () ()]

IR RN

. | ( : - )Izl B
[ “.“1‘:_13_! ) !.'UHC\I ( i;;,{l.' ' \-;hC_’L‘( ]jfj ]}_

4 L
i

T2 i hrdddm

are commonly wsed mhoisting equipment.
ciher made af Bl s steel. Ropes are generally ol cireular cross

el e i ]"llilL'_‘-

5.5.1 Ratio of Tensions

The ratio ot lensions.

i
oo 15270
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I
sin f
£ = semi-groove angle of the sheave

where p, =

# = angle of contact.

Example 5.9

A pulley of groove angle 45°, diameter b moand having |5 grooves is used to transmit power. The angle of
contact is 170" and the coefticient of friction between the ropes and the groose sides is .30, The maximum
possible tension in the ropes is | kN and the mass of the rupe 15 1 5 kg/m length. Determine the speed of the
pulley for maximum power conditions.

B Solution
_ o 1000 7%
For maxim power to be transnotted, U= -—- = | = 1491 m/fs
3 Ix 1A
. oy = 14,91
Speed of the pulley, no= PR Y rpm
4
. . , . I LOOK
For maximum power o be transmitted, /) = - = = 333N
Tension on the side, =T -7, =10 - 33333 = 66667 N
i (e, b)
— = g L
75 AP i
[{H (22.5%) x 170 x — }
= eX Aok ocosee (22.5%) x X —
P ‘ 180
= exp(2.326) = 10.23
T 066,67
o= b0 652N
10,23 14).23
i
Power transmitted per rope = (f FRR I
pettop b oo
(66667 — 0512} 1491 8.97 kW
= (66667 — 05.12) x - =¥
10O
Total power wansmitted, o= 897 x 15 = [345kW
Exercises

1 A tlat belt is required to transmit 20 <W from a pulley 1.5 m diameter running at 300 rpm. The angle of
contact between the belt and the putley is 160° and the coefficient of friction is (.25, The safe working
stress for the belt material is 3 MPa. The ihickness of belt is 6 mm and its density is 1100 kg/m”. Find
the width of the belt required.

2 A shatt running at 200 tpm carries 1 pullzy 1.25 m diameter which drives a dynamo at 1200 rpm by
means of a belt 6 mm thick. Aliowirg for the thickness of the belt and a slip of 4%, find the size of the
dynamo pulley. Also find the width of belt required to transmit 15 kW it the ratio of belt tensions is 2.3,
The maximum tension in the belt is not o 2xceed 3 MPa.
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3

10

11

12

13

A belt is required to transmit A0 KW dront o putley 1.5 m duareter runntng at 300 rpm. The angle of
contact 15 spread vver 11724 th of the circuniference of she puliey, and the coefficient of friction is 0.3.
Determine the width of the belt required. it thickness of belt is 180 mm. The sate working stress for hell
material is 2.3 MPa and the density of belCmaterial s 1106 kgt

A V-belt having a lup angle of T80 has o cross-seetioon® crza of 250 mm?2. and runs Ina groove of
inctuded angle 407, The density ol the belt material is 1300 kg/m™ and maximum stress is fimited o 3
MPu. The coefficient of Triction is 0015, Tind the maximun pywaer that can be transmitted. if the wheel
hats a mean diameter of 30 mm wd rans at 900 rpim.

A machine which is to rotate at 200 rpm is run by ar engine turmng at 1500 rpm. through a silent chain.
having a pitch of 15 mm. The number of teeth on a sprocket sheuld be from 18 to 103, The linear velocity
of chain drive is not to evceed 10w/ Find the suitable sumber of teeth for both the sprockets,

Avope drive ransmits 120 KW 0t 225 rpin by ropes. cacli 23 arnt diameter and density 6800 kgfm}. The
maximum rope tension i~ 1.5 kN amd it is desizned for maximmwm power conditions. The angle ol contact
is 160° and coefficient of friction 1 025, determine the diim sier of pulley and number of ropes. il the
groove angle is 43°,

An open belt 100 mm wide vonnects two pulleys mounted o parallel shatts with their centres 2.5 m
apart. The pulleys are of SO0 i and 250 mm diameters. The coefticient of friction between the belt
and the pulleys is 0.3, Toe miasamuom steess i the heluis limieed to 15 Nfmm width, Find the maximum
power which can be trapsmitted 10 the Targer pulley rotezs at 120 rpm.

A leather belt 120 mm wide and & mm thick transnits power trom a pulley 800 mm diameter which
rotates at 230 rpm. The angle of lap 1= 1607 and the coctfivien. of friction is (.3, The mass of the belt is
(000 kg/m* and the stress is not o exceed 2.5 MPa. Find the imaximum power that can be transmiitted.

An open belt drive connects two pullevs 1.5 noand 0.5 0 dia neter on puralle] shafts 3.5 m apart. The
belt has a muss of | kghn length and the nriximum tens orin the belt is not to exceed 2 kN, The 1.5 m
pulley. which 1s the driver. runs at 230 tpme Due o belt Slip. te velocity of the driven shaft is only 730
rpm. If the coeffreient of Iriction between the beltand the pul ey s 0.25, find (1) the torque on cach shaft.
(b) the power transmitted, iy the power lost G triction and rd the efliciency ol the drive.

The power transmitted butw een two shafts 4 napart by s cross beltdrive is 7.5 kW, The pulleys are 600 mm
and 30K mm diameters and the gger palley s the drives and imning at 225 rpa.. The permissible load
on the belt is 25 N/mm widih of the belts wloch is 3 toek, The coeflicient ol friction is (.35,
Determine (a} the length of the befr, (b the sidth of the belta s te) the imtial tension in the bely,

A V-belt drive consists of tiree belts in paratlel on grooved pud eys of the same size. The anygle of groove
is 40° and the coetficient ol friction 015, The cross-sacticnal area of cach belt is 800 mm® and the
permissible stress in the bedt maieril ss 3 MPa, Caleulate the power that can be transmitted between two
pulleys 400 mm in diameter rotuing ot 960 rpm.

A rope drive is required o transmit 250 kW from a sheave of | diameter running at 450 epm. The safe
pull in euch rope is 800 N and the mass of the rupe 15 0.46 kghu length. The angle of Jap is 160" and the
groove angle 15 45°. I the coetlicient of triction betweer the rope und the sheave is 0.3, find the number
of ropes required.

The reduction of speed from 360 rpm w0 120 tpm is desired by the use of a chain drive. The driving
sprocket has |8 teeth. Find the number of tee:h on the driven sprocket and the piteh length ot the chain,
if the pitch radius of the driven sprocket is 230 mm and the c2nre distance between the two sprockets is
400 num.



i4

15

16

17

18

1%

20

Belts, Chains and Ropes

A leather belt 1530 mm wide 6 1 thick ard weighing 6 N/ connects two pulleys cach [ min diameter
and on paraliel shafts. The belt is fourd w shp when -he moment of resistance is 600 N m and the speed
is 300 rpm. 1M the cocllicient of et en between the belt and the pullevs s 0.24, [ind the Targest tension
in the belt,

What is the effect of centrifugal foree on the transmission of power in g belt drive’? A prime mover Tunning
at 300 rpm drives o DUCL generator i S0 by abeltdrive, Diameter ot the pulley on the output shalt
of the prime mover is 600 mm., Ass g o slip ot 240 deternnne the diameter of the generator pulley
it the belt runming over it is 6 mm th ¢k,

An 8-mm-thick leather open belt cornects two pulleys. The smadler pulley is 300 mm diameter and runs
at 200 rpan. The angle of lap of tis pofles s 1609 and the coetlicient of [riction between the belt and
the pulley 15 0.23. The belt is on the point of slipping when 3 KW is ransmintted. Safe working, stress
in the belt material is 1.6 N/mm-. Deternine “he required width of the belt for 204 overload capacity.
[nitial tension may be taken equal to nean of the driving tensions. 1is proposed (o increase the power
trunsmitting capacity of the drive by adopring one of the follownig alternarives:

() increasing the initial tension b T8¢

(b} increasing the cocflicient of Iric ine G- (R3 by applying a dressing to the helt

Examine the two alternatives and rec sneiend the one which you think wil) be more eftective. How much
power would the drive transmit adop tng cither of the abternatives?

A rope drive transmits 600 KW fron a patley of effec ive diammeier - eow hich runs at a speed of 90 rpm.
The angle of fap is 1607, the angle of aroeve 3570 the coelticieat i trictien 0.28, the weight of the rope
15 NAn and the allowable ension in cach ope 24 kN Find the sumber of ropes required.

A electnic motor 15 W drive a compoessor by ¢ bele dme,

Power to be transmitted = 7.3 kW

Diameter of mowor pulley = X0

Centre distanee beiween pnll2vs = I m

Motor speed = 750 rpm

Compressor speed = 250 pn
Direction of rotation of both the puloys s ames Find the widih of the belt required i1 the permissible beli
tension is 16 Namm belt width, Coclticient ol friction betwees: the Belt and the pullevs s (030 Neglecl
the clivet of centritugal tension.

A blower s driven by an electric mator thiouga a belt deive. The muator roas at 7530 rpm. For this power
transmission a flat belt of thickness » i ond width 250 mm s used. The ciameter of the motor pulley is
350 mm and that of the blower pullzy [350) mm. The centre distimee hetween these putleys is 1350 mm
and #n open belt configuration is adpted. Fhe pullevs are nukde out of cost iron. Frictional coefficient
between beltand puliey is 0,35 and the perwissibie stress for the belt material can be taken as 2.5 N/mm-~
with sulticient tuctor o safety, The beloa cighs 20 NSon Wt s twe masanem power transmitied without
belt slipping on any one ol the puthe - ?

Determine the width of 0 O.75-mn- thick Teather helt required o mnsmit 13 KW £rom o motor running at
900 rpm. The diameter of the drivin 2 pulloy ol the motor is 200 min The driven pulley runs at 300 rpm
and the distance between the centre of the two pultess is 30 The weight of the leather is 0.1 x 1077
N/mm?. The maximum allowable stes b the feathe s 2.8 Nemm - Fhe coeflicient of friction between
leather and pulley is 0.3, Assume open belt dove ane neglect the sag and sSlip of the bedt.
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A prime mover running ut 300 rpm, drives a DC generato - at 500 rpm by a belt drive, The diameter of the
pulley on the output shatt of the prime mover is 600 mm. Assuming a slip of 3%. determine the diameter
of the gencrator puliey i the belt running over it is & mm thick.

A V-belt of 6 em? cross-seetion hus a groove angle of 402 and angle of lap of 1507 ;¢ = 0.1, The muss
of belt per metre run is 1.2 kg. The maximum allowable siress in the belt is 850 Niem?>. Calculate the
power that can be transmitted at a beli speed of 30 m/s.



