ME 8651 DESIGN OF TRANSMISSION SYSTEMS

UNIT I
DESIGN OF FLEXIBLE ELEMENTS

Design of Flat belts and pulleys - Selection of V belts and
pulleys — Selection of hoisting wire ropes and pulleys — Design
of Transmission chains and Sprockets.



Introduction

»To transmit power from flexible elements such as belts,
chains and ropes are frequently used.

»Pulleys are mounted on a shaft and a continuous belt or rope
IS passed over them.

»In belt and ropes, power Is transmitted due to friction
between them and pulleys. In case of chain drives, sprocket
wheels are used.



BELT DRIVES

v'Belt drive is a mechanical drive in which the
driving and driven shaft are connected by a loop of
flexible material called as belt through pulleys
mounted on the shafts

v'The distance between the shaft is large, then belts
(or) ropes (or) chains are used

v'It can absorb a good amount of shock and
vibration

v'It can take care of some degree of misalignment
between the driven and the driver machine shafts



Design

v'Material - Leather, Rubber, Plastics,
Fabric

v"No. of ply and Thickness
v' Maximum belt stress per unit width
v'Density of Belt material

v Coefficient of friction of the belt
material



Types of Belts

Flat Belts

*\V/ — Belts

* Ribbed Belts

* Toothed or timing belts
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Example 18.2. Twoe pulleys, one 450 mm diameter and the other 200 mm diameter, on parallel
shafis 1.95 m apart are connected by a crossed belt. Find the length of the belt required and the angle
of contact between the belt and each pulley.

What power can be transmiited by the beli when the larger pulley rotates at 200 rev/min, if the
maximum permissible fension in the belt is 1 kN, and the coefficient of friction between the belt and

pulley is 0.257

Solution. Given : d, =450 mm =045 morr, =025 m  d,= 200 mm = 0.2 m or
ry=01m;x=1%m; “'I.Fl—!l]ﬂrpm IN=1kN= lﬂl]ﬂN U= D'}E

The arrangement of crossed belt drive 15 shown m Fig 1517,

_.J.E“ Tl

0.45 m —— TS LB 0.2m




Length of the belt
We know that length of the belt,

(r + )
x

L=m(r+r)t+ix+

(0235 + 0.1)°
=n{n.225+u_1}—2x1.95—[ —os )

=102+39+0054=4974m Ans.
Angle of contact between the belt and each pulley
Let 8 = Angle of contact between the belt and each pulley.
We know that for a crossed belt drive,
m+mn 0225401

o = 0.1667
s . 1.95
- o = 9.6°
and B =180°+20=180+2 x 9.6 =1992°

N
1002 % - — 3.477 rad Ans.
120 rad Ans



o T

Power transmitted

Let I, = Tension in the tight side of the belt, and
I. = Tension in the slack side of the belt.

We know that

T
2.3 log [—1] = .B=0.25 x 3.477=0.8693

5

L} 08603 e
log| 1| = =0378 or —L =2.387 .. (Taking antilog of 0.378)
T, 23 T £
I, = 3 = 1000 =419 N
= 2387 2387

We Inow that the velocity of belt,
TaN;  mx045x200

60 60

=4713m/s

'I._I=

. Power transmtted,
P = {Il - T:} v=(1000—-419)4.713 = 2738 W=2738 kW Ans,



V— BELT DRIVE :
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Sheave for Fibre Ropes

* The fibre ropes are usually circular in cross-section as shown in
Fig.
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(@) Cross-section of a rope.
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(b)) Sheave (grooved pulley) for ropes.



Ratio of Driving Tensions for Fibre Rope

* A fibre rope with a grooved pulley Is shown in Fig.
* The fibre ropes are designed in the similar way as V-belts.
* We have discussed in V-belt that the ratio of driving tensions Is

1
2.3 log (1] = 1.0 cosec 3
1

where U, 0 and 3 have usual meanings.



Pbm:1 A pulley used to transmit power by means of ropes has
a diameter of 3.6 m and has 15 grooves of 45° angle. The
angle of contact i1s 170° and the coefficient of friction between
the ropes and the groove sides iIs 0.28. The maximum possible
tension in the ropes 1s 960 N and the mass of the rope iIs 1.5 kg
per metre length. Determine the speed of the pulley in r.p.m.
and the power transmitted If the condition of maximum power
prevail.

GIVEN DATA:
d=3.6m:;
n=15;
2 B=45°o0r B =225°;
W=028;T=960N;:m=15kg/m



Speed of the pulley
Let N = Speed of the pulley in r.p.m.

We know that for maximum power, speed of the pulley,

o= 29 46 s
3m  \3x1.5

We also know that speed of the pulley (v),

46 — nd.N:an’;.ﬁxN:O'lgN

60 60
N =14.6/0.19=76.8 r.p.m. Ans.




Power transmitted
We know that for maximum power, centrifugal tension,
I.=T/3=960/3=320N
. Tension in the tight side of the rope,
I, =T-T.=960-320=640N

Let T, = Tension in the slack side of the rope.
We know that
' £y
2.3 1o h
<-2 108 7 | = 1.0 cosec § = 0.28 x 2,967 x cosec 22.5°=2.17
o2 .
(T '
2.17
log | = | — =0.9435 or -L=878 ing ant; -
.7 23 T, ...(Talkang antilog of 0.9435)
and T, =T1T,/878=640/8.78=73N

Power transmitted.
P = {TI—TI] vEn=(640-73)146 x15=124 173 W
= 124.173 KW Ans.
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Chain Drive

In order to avoid slipping steel chains are used. The chains
are made up of number of rigid links which are hinged together
by pin joints
The toothed wheels are known as sprocket wheels or simply sprockets.

The sprockets and the chain are thus constrained to move together without
slipping and ensures perfect velocity ratio.
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UNIT 11
SPUR GEARS AND PARALLEL AXIS HELICAL GEARS

Speed ratios and number of teeth-Force analysis -Tooth stresses -
Dynamic effects — Fatigue strength- Factor of safety - Gear materials
— Design of straight tooth spur & helical gears based on strength and
wear considerations — Pressure angle in the normal and transverse
plane- Equivalent number of teeth-forces for helical gears.



Spur Gear

Teeth are straight and parallel to shaft axis. Transmits power and motion

between rotating two parallel shafts.

(Features)
(1) Easy to manufacture. (2 ) There will be no axial force.
(3 ) Relatively easy to produce high quality gears. (4 ) The commonest type.
[Applications)

Transmission components



Helical Gear

Teeth are twisted oblique to the gear axis.

/Y Helix angle

Left
NN

The hand of helix 1s designated
as either left or right.

i/

- —4

Right hand and left hand helical gears mate as a set. But they have the
same helix angle.

(Features

( 1) Has higher strength compared with spur gear.
( 2 ) Effective in reducing noise and vibration compared with spur gear.
( 3 ) Gears in mesh produce thrust forces in the axial directions.

[Applications]

Transmission components, automobile, speed reducers etc.
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Helical Gears

*» Ahelical gear has teeth in form of helix around the gear.

¢ Two such gears may be used to connect two parallel
shafts in place of spur gears.

*+ The helixes may be right handed on one gear and left
handed on the other.




29.5 Proportions for Helical Gears

Though the proportions for helical gears are not standardised, yet the following are recommended
by Amernican Gear Manufacturer's Association (AGMA).

Pressure angle in the plane of rotation,

® = 15° to 25°
Helix angle, o = 20° to 45°
Addendum = 0.8 m (Maximum)
Dedendum = 1 m (Minmmum)
Minimum totaldepth =18 m
Mimimum clearance =02m

Thickness of tooth = 1.5708 m






glep > Makevial seledkion yov 12000 b

Pimen: cus
Giean : C.I-35 grade
ompant@loly, wohesl material s weaker Hham  pivien
matenal: o let me Caludale the sWengihs [o]u[si]
4or  wheel - c:r.ca—malzas.

Faom Page 816 ;
[LGC] : Cp HB ka] < kﬂ{-/cm""

—




Hesidnesas HB, Jor C135. © oo Thge 86
HB > 200 o260 =~ 330
CB — -
ko) —> -ew cat 1Aon 6\' 6%/,
N= bonT - Boxswoxlﬂ—ooo

N = 3.b x|o‘7 Cycles => ku_-.é\/ '07 q

3.bXxI0
Kl = 0.335

[6c1= 23 x230x 0.33s = 1483.4 Kot/ >
N NN VNN AN



“.wm page 8.18 ;

K
[Gb] 6 — . 0 i Fb.%e,s.ls
N. Ke
- \q] Io* : 05199
kw i /’5.bx|o‘1
f.o.s n = 8¢5 CCJ — No Hccd:‘hrzai'ed)

Ke = '8 (€I - x=0 (addendum modification))

=
% s

O\ys 07, = O-ks x 3boo = Ib2e k—gf-/m,_

\_O‘b] = A8 ¥at/fma



<
Ee?‘ = aE|£.1 3 E| ‘#DT C|.|>5 N &-|XUO6 "-9#/c_m°-
E‘J'-Ea Es {m CL.3% = I-'rxlo6 Kg8/cm?
Ee‘r - |.';¢x(o6 "Qf'/wa‘ . Pa.%e 8.4

2P 2 0.5 ( Helical (am,“)

[Mt] = M - k.gk

&%es.lr



[Mt] = Mt' kgk

Fb-%ea.lS‘

M q?”f&ﬂ k Gl:}-qa.o I ot 9o = \153.56 kqf-cm
Secoo
(My] = I1F83.5 X I3 = 8239.63 kgf.em

az (o4O \ F-{sz 716 % 8279 63

lo ¥ ©.5
(a Yy G0 .46 cm}




m, Z_ .15 Cas \/ LM
‘d [ou] 2% 2,

zl‘fm=|0 - Pﬁ?&gl'r
Z, 5 let omuwme 7 - 94 e & Hz%e.ﬂ-ls

z&:.l,z‘ - IOXD.b -7'%0

— = 8.8y ¥ Bo Next Value
F‘ -(gwrn l"o'rth%a@” ~feble,

- - - Pa%e 8.aa



\d'v value -ﬁb’f zv:30 $ X=0

dv = Oy - - - Pa?,a.e.)g

287148.6 3

Ol x 281 x 10 X 26

z 0. 459 cm ~N Mp=65mMm = D.Sem

i Fhias-a,



Slep ivD calulation of Commected

PNINSTNNS NS
NS NN NS~

sy ()

m,. 0.5 ¢m

Z| 336 - 22-:&‘0

@ : 402 cm > [
min

Dosign 16 ,aa‘tu-faci‘our-

Contre dhistomie!
MN\MM’V



gep ) coluldiop of {22 BERL .. mgesy
2. 0.5 b, ; b= 0.5 x #4.02 = 3%.0)Cm

3,=10 = b/m,. b= 0.5xl0 = M

4{&& width = 3%.0] e&m

o e B e Bl b

[M¢T7 = Mg . kK, kK - %‘3&8.]5’
My = IFs52.56 Kgf.om
M2
- = d\ ' = : e
Ky = Baed on V= “60'\ 5 4 Casp 3. ybem

V=z36-28 Mjg



K, Q.ur maximum peed 1.3
k. based on 7")‘0 o b/"u . 37_0'/13.% g
Koz 125 dor maed mum 2 value .

Scanned with'

IMJ = 1952.56 x).3 x|.a¢

Fw*h 2849.5 k-g{-w]




M d@c&% induwed &hestes :

Cw%fn? Afress - < @ T-b.@e_a.ls
A+
T, = ; i \
c O # ] .J+‘ - EBE.[LM]
i.b
0+ | 10 + | b
G, 0.3 . — \F— — X - #xX10 x 2814.
‘ FY4-02 10X 370l e

GL: |aL|8&a k%;/wz < Lc-c]
1983 . 4 \rﬁ{./w.'z.



UNIT I
BEVEL, WORM AND CROSS HELICAL GEARS

Straight bevel gear: Tooth terminology, tooth forces and
stresses, equivalent number of teeth. Estimating the dimensions of
pair of straight bevel gears.

Worm Gear: Merits and demerits terminology. Thermal
capacity, materials-forces and stresses, efficiency, estimating the
Size of the worm gear pair.

Cross helical: Terminology-helix angles-Estimating the size of
the pair of cross helical gears.



Bevel Gear
A Dbevel gear Is a toothed rotating machine element used to transfer
mechanical energy or shaft power between shafts that are intersecting,
either perpendicular or at an angle.

This results in a change In the axis of rotation of the shaft power. A side
from this function, bevel gears can also Increase or decrease torgue
while producing the opposite effect on the angular speed.

BEVEL GEAR CONES

Pinion

=

!

7N




Geometry and Terminologies
To better understand gears and gear systems, one must
first look at its terminologies. Below are some of the terms used to
describe gears and their tooth profile.
BEVEL GEAR ENGINEERING
e

Pitch Apex to Crown 1o
Crown Back

Crown /

-

S - -
Q’Puct: Diameter

Outside Diameter



Pinion
The smaller bevel gear in a bevel gear set.

Gear
he larger bevel gear in a bevel gear set.

Pitch

Also known as circular pitch, Is the distance from one point on a tooth to the
corresponding point of the adjacent tooth on the same gear.

Pitch diameter

The diameter of the pitch circle. This Is a predefined design dimension where
other gear characteristics such as tooth thickness, pressure angles, and helix angles
are determined.

Diametral pitch
The ratio of the number of teeth and the pitch diameter.

Pitch angle
The angle between the face of the pitch surface and the shaft axis.



Addendum
The upper outline of the gear teeth.

Dedendum
he bottom outline of the gear teeth.

Total depth

The radial distance between the addendum and dedendum circles of a gear. Note
that the teeth of a bevel gear are slightly tapered, thus the total depth is not constant
along the tooth. Because of this, the addendum and dedendum angles are used to
describe the teeth instead of the addendum and dedendum circles.

Addendum angle

The angle between the face of the upper surface of the teeth or top land and the
pitch surface.

Dedendum angle

he angle between the bottom surface of the teeth or bottom land and the pitch
surface.




Problem 3.13 Design a bevel - gear drive to transmit 7.5 kW.

at 1440 rpm. Gear ratio is 3; pinion and gear are made of
C45 steel; Life of gears 10,000 hrs. (Apr./May 2009)

r%(ﬁ:? Sdechon meﬂt 3.6 —8.20 P& Datq pook)
Fost bt pinion d whee 1 C45 steel

Design Surface (contact compressive} Stress [o]
Cy or G, coefficicnt depending on the surface

e} =Cys HE k. kgifem® RN ) hardness, from tabls 16

HB or HRC, Brinell or Rockwell *C’ hardness
[} =Cx HRC k_,, kgffem® ...(5.2) number

K. life facter from table 17

tor (A4S gteel, [ﬂ:] = Cp-




Pa3& 8.b

Coeflicients, C;, & C, Table 16
Wheel Heat Surface Coefficient
Material Treatment Hardncss C; or Cy
Carbon Steels and Alloy Steels Normalised or HB < 350 Cp=25
of any type Hardened and
Tempered
High strength Alloy Nickel Case HRC=55 1o 63 Co =310
Chrgmmm Steels Hardened
~ Alloy Steels i n Ca=280
Carbon & Manganese Sieels o v Ca=220
Ct3; C20; CI5 Mn 83;
C20 Mn 85
Alloy Steels, Carbon Steels Hardened & HRC=40 to 55 Cp=265
C40; C45 Tempered
" Surfm »» Caﬂzw
Hardened
Cast Iron, Grade 2}, 25 — HB=170 10 200 Cp=20
Cast Iron, Grade 30, 35 — HB=200 to 260 Cp=23

for CAS /b\:zel’
CR:P_?:D

Hec = 40 {5 55
lat HRC =50



'Condition | Formula Notation
Constant Loading N=60nT e(6.1) N, Life in number of cycles
n, gpm
Variable Loading N=ﬁh%:; SIME, T 0, Yo Taleia:hoen
...(6.2)

Pn-?f& .17 .
Life Factor for Surface (Contact Compressive) Streagth k N/ % Table 17

Surface Life in number Life Factor,
Materia Hardness, HB of cycles k,,
> 107 1
< 35 S
<10 AL
N
Stec]
3 25X 107 . 0.585
> 350 Wrr,
< 25X 107 \/ 107
N
o
Cast lIron 10

—

N

an. in umbe? O£ de-“ >

N - boX |44 0 X loooo
N = 86-4x|07u;jdzb |

let Considen,
He oL 45 , > 350 e

ky = 0-SBS .Poz-N

86-4%10 > 25X10



LO‘BJ fa—, C4s stec] e{wom Pa.ae, &.18

Design Bending Stress. (Tension) [0, ]

Rotdtion in one direction only, .~ ki, Jife factor for bending, table 22
14k, kg, fillet stress concentration factor,
[op] = ,,‘T, =k 01 (D) table 21
R . . b h d‘ . 0, - 1.4 0‘_1
e ¢,. Endurance limit stress in bending
for repeated stress, kgffem?®
[0,)= —-k ey " . .
nkg o_;. Endurance limit stress in bending

for complete reversal of stresses,
kgf/em?, table 19

n, factor of safery, table 20




Vatue of ¢y Table 19 F’FDm Wslq)

¢__,. Endurance limit stress in bending

;I::i::; e:rf S - for compiete reversal of

stresses. kgffem?
Forged Steels ¢ 4=025 (o, +o }+500
Cast Steels o_=022 (¢, 40, )+3500
Afloy steels 00—y =0.35 ¢ 41200
Cast Iron o_, =045 ¢

e, ultimate tensile stress, kgffcm®

7, yield stress, kgffom® . p}om P a%e lq
e e a2 kgtmor

_ ﬁﬁ“ﬁ&ﬂ:“’ vilg  120d impact  Brinel
Designation e % Muo Tensile strengih length 5.65 ya¥ stress yalue mln_ hnranﬂ
, kgffmmS Cylindrical et kghimm? (U spovified) (IF specified) 0- + 2.
pisce) ‘ kim0 y = 2b / mm

c 07 : 0.12 mex 050 mag 3240 27 20 —~ —
c 10t 015 max 0.30- 0.60 34 -42 % b 55, — 9
C 14t 0.1} —0.15 040070 37-45 2 22 5.5, 137
C 15 0.20 max .30 01,60 37—49 » 2 o~ 137 ',Pt 011 - 40 ke"'/ mm
C 15 MaT5 0.10-0.20 060050 42-50 2 25 —. 163 =
Cxn 015025 0 =-090 a3 —52 4 26 — iss 2_
C 25 - 0.20 - 0,30 0.30 0,60 4434 b 28 — 170 - +
C 25 Mn 75 : 020030 .60 -0.90 . 4757 n P — 2 d-u. = ? ooo FB /c'm
C 30 0.25-0,35 0.60-0:50 5060 3, 30 5.5 179
C 35 030 — Q.40 0.30-0,60 52-62 ) 31 - 187 2
C 35 Mn 758 0.30 - 0.40 0.60-0.90 55—G5 2 12 55 23 0-9 - 6600 LS'F'/C,m
C 0@ 0.35-0.45 0.60-090 - S5—68 13 13 41 Ny
C 480 © 040-050 . 0.60-050 371 1 3 a1 229
C & 045055 0.60-050 86—T8 13 m - 24]

—_—

C 50 Mn | 045055 1,10—.40 72 min 1i 40 - . 255



Factor of Safety, o Table 20
. Fom .
Material Mt{::feact.fre | Heat Treatment m o: & lq 3
No heat treatment 2.5
Stec, Cast for 45 ( 8€d B AUl}qw
Cast Iron Tempered or 29
Normalised i h )
Cast or F D ) 5
e Forged Surface Hardened 25
Normalised 2.0 Stress Concentration Factor for the Fillet, ko Table 21
| " Matecial and Addendum Modification Coefficient, X -
F”Dm 8 . l q Heat Treatment
) X<0 0 €X<0.1 X>02
Y. ¥ Steel, Normatised,
For CAD, 5'-0"?‘9’ huﬂdmeol , 04140 ‘ Surface Hardened = - L
Steel Case
k - ‘ .5 Hardened 1.4 L2 1.3
0- Cast Iron 1.2 1.2 1.3




Faom Pa-ﬁ-e 8-“

20

Life Factor for Besding, k,;

Surface Life in

Material Hardness Number of Ky,
HB Cycles, N
2 107 1
£ 350 - N e
o < 107 /\/ L
N
Steel -
2 25x 107 0.7
> 350 ® /0"
< 25x 107 \/ =

[o’b] :

l-£ Kyl

EEEE————————————

n. Ke

o v Y’

14x1
2.5 x1|.G

For , Slecl (c45)
Core hovidness , < 250 Hp
U{-L Bt .4 xla 7 ID:"L

kw:i

cm?
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R=2 T N_0# Ter L= pecd 7nabio/ qaon nali
(%-o.s)l'ﬁr.] J) L= 3 (Fiven)
| 4 = B, (Prmpoge o)

_ Type of gear Transmission ¥ =5

45; 3 ({or L =4 to4)

Speed Reducers

(0T = 6%2%5 kﬂ*/cml

E - Eq_.c,oumj'b modulus
For Steef c45,E = 2:1bAlD
Foom page 8¢
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EMt] - My . kellt #)'I'Om l)nﬂ,e Q.M;j

Desipn Twisting Moment, [M,]

o

Ml=M,k  k ...(4.0) M,, nomina} twisting moment transmitted by
Initiallv assume for symmetric scheme the pinion, kgf. cm

kyk=1.3 ..{4.1) hp, neminal horsepower transmitted

For unsymmetric and over-hanging scheme o, speed of rotation of pinion, rpm

ksk=1.5 ..(4.2y k4 dynamic load factor, table 15

n

M, = Twisking moment = 9720 - kv "??‘r”x > =903 .3 "ﬂf
t J Ll 1440

K=13 metad
Kd-K (Y™ mc) EM’ﬂ]: Got-3X -2 = 659.56) kg{_'f—m
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Symbol Formulae for strmight and spiral bevel geurs
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UNIT IV GEAR BOXES

Geometric progression - Standard step ratio
- Ray diagram, kinematics layout -Design of
sliding mesh gear box - Design of multi speed
gear box for machine tool applications - Constant
mesh gear box - Speed reducer unit. — Variable
speed gear box, Fluid Couplings, Torque
Converters  for  automotive  applications



What is Gearbox?

» An automobile requires high torque when climbing hills and when
starting, even though they are performed at low speeds.

» On other hand, when running at high speeds on level roads, high torque is
not required because of momentum. So requirement of a device is occur,
which can change the vehicle’s torque and its speed according to road
condition or when the driver need.

» This device is known as transmission box.



Introduction to Gearbox

Gearbox often referred as transmission is a unit that uses gears and gear
trains to provide speed and torque conversions from a rotating power
source to another device. Gearboxes are employed to convert input from a
high speed power sources to low speed(E.g. Lift, Cranes
and Crushing Machine) or into a many of speeds(Lathe, Milling Machine
and Automobiles).

A gearbox that converts a high speed input into a single output it is called
a single stage gearbox. It usually usually has two gears and shafts.

A gearbox that converts a high speed input into a number of different
speed output it is called a multi-speed gear box. Multi speed gear box has
more than two gears and shafts. A multi speed gearbox reduces the speed
in different stages.



automobile
» The transmission box which is also known as the gear box is the
second element of the power train in an automobile. It is used to
change the speed and torque of vehicle according to variety of road
and load condition. Transmission box change the engine speed into
torque when climbing hills and when the vehicle required.

Sometimes it is known as torque converter. Main functions of a gear
box is as follow:

1. Provide the torque needed to move the vehicle under a variety of
road and load conditions. It does this by changing the gear ratio
between the engine crankshaft and vehicle drive wheels.

2. Be shifted into reverse so the vehicle can move backward.

3. Be shifted into neutral for starting the engine.



iViain components ot a gear box

* In any device two or more component works
together and fulfills the required function. In a
transmission box four components are required
to fulfill its fu

**Counter shaft
***Main shaft
*Gears
**Bearings




1. Counter shaft:

* Counter shaft is a shaft which connects with the clutch shaft directly.
It contains the gear which connects it to the clutch shaft as well as
the main shaft. It may be run runs at the engine speed or at lower
than engine speed according to gear ratio.

2. Main shaft:

* It is the shaft which runs at the vehicle speed. It carries power form
the counter shaft by use of gears and according to the gear ratio, it
runs at different speed and torque compares to counter shaft. One
end of this shaft is connects with the universal shaft.

3. Gears:

* Gears are used to transmit the power form one shaft to another.
They are most useful component of transmission box because the
variation is torque of counter shaft and main shaft is depend on the
gear ratio.



* The gear ratio is the ratio of the driven gear teeth to the driving gear
teeth. If gear ratio is large than one, the main shaft revolves at lower
speed than the counter shaft and the torque of the main shaft is
higher than the counter shaft. On other hand if the gear ratio is less
than one, than the main shaft revolves at higher speed than the
counter shaft and the torque of the main shaft is lower than the
counter shaft. A small car gear box contains four speed gear ratio
and one reverse gear ratio.

4. Bearings:

* Whenever the rotary motion, bearings are required to support the
revolving part and reduce the friction. In the gear box both counter
and main shaft are supported by the bearing.



Working of a principle gear box

In a gear box, the counter shaft is mashed to the clutch with a use of a
couple of gear. So the counter shaft is always in running condition. When
the counter shaft is bring in contact with the main shaft by use of meshing
gears, the main shaft start to rotate according to the gear ratio.

When want to change the gear ratio, simply press the clutch pedal which
disconnect the counter shaft with engine and change connect the main
shaft with counter shaft by another gear ratio by use of gearshift lever.

In an gear box, the gear teeth and other moving metal must not touch.
They must be continuously separated by a thin film of lubricant. This
prevents excessive wear and early failure. Therefor a gearbox runs
partially filled with lubricant oil.
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Definition
2 Z'" Spindle
Speed
3 Good in
4 Poor in

In arithmetic
progression, the
difference between
any two successive
spindle speeds is
constant.

Npyae — NMIN

(z=1)

n,=

High spindle speed
range

Low spindle speed
ranegeg

In geometric
progression, the
ratio of any two

successive spindle
speeds is constant.

1

w — [nmax]ﬁ
nmln
High spindle speed
range

Low spindle speed
rangeg

In harmonic
progression, the
difference between
reciprocal of any two
successive speeds is
constant.

n'\”l

[1-(z-1)Cn

nz =
max]

Low spindle speed
range

High spindle speed
ranege



Design procedure of gear box (sliding gear type)
A. For designing a stepped drive
o Following informations are necessary

v' Highest output speed
v’ Lowest output speed
v" Number of steps (Z)

v Number of stages to achieve the required
number of speed

steps.



B. Break up of speed steps
o The number of steps (Z) should be so selected that it can be
broken into the multiples of 2 & 3. Thus, selected values of Z
are:6,8,9,10,12,14,16 & 18.

. Structural diagram
It gives the information about
Number of shafts in the speed box
Number of gears on each shaft

© 00 VvV o

The order of changing transmission in individual groups to
obtain the desired speed.

Transmission range

o Group characteristics

O



while drawing the structural diagram,
following points should be considered

Number of gears on the last shaft should be as minimum as
possible.

The speed reduction between the spindle and preceding shaft
should be as maximum as possible.

Number of gears on any shaft should not be more than three. It
can be four in exceptional case.

e X Imin = 1is for least radial dimensions of gear box. This is
possible by making the axes of adjacent shafts coincident i.e., co
axial



« i ximin=1 IS possible when maximum
speed reductions equals the maximum speed
increase.

* But considering the importance of reduction
of axial dimensions of gear in machine tool
with a traversing spindle head, the above
point does not favour it, because small axial
dimensions of traversing units are critical.

* Structural formula represented by the special
form of graphs is called as structural diagram.



Method of drawing structural diagrams

If n= no of transmission groups then draw(n+1) vertical lines at a
convenient distance. Here the first vertical line represents the
transmission from motor shaft, and the rest represents the
transmission group of speed box.

Draw an any of horizontal lines intersecting the vertical lines at a
distance of log® from each other. The number of horizontal lines
are equal to the number of speed steps(Z). The spacing between
the horizontal line should be equal so that interval between the
spindle speeds is content. In practice the distance between
adjacent horizontal lines is taken equal to @, but not log for
convenience.



Cont...

Draw a line joining the first shaft of known speed & the second
shaft for calculated input speed. The speed reduction between the
first and second shaft is usually through belt derive.

From second shaft at the input speed point of diverging lines joining the
third shafts. The number of lines will be equal to the number of
transmission. The maximum spacing between the lines on third shaft, will
be according to the calculated transmission range between these two
shafts say @' 02 @* @° ......etc.

From the third shafts for all groups draw the diverging lines, having
maximum spacing on the fourth shaft as per calculated value of
transmission range of groups.



Speed chart

» The speed chart depicts the transmission ratios. The structural diagram
depicts only range ratio so speed chart must be plotted to depict the
transmission ratios

Horizontal line corresponds to transmission ratio, i = 1. (no speed)

o Line inclined upwards corresponds to transmission ratio, | >1 (increase in
speed)

o Line inclined downwards corresponds to transmission ratio, i <1 (decrease
in speed)

» While plotting the speed chart it is desirable to have minimum
transmission ratio i.e maximum speed reduction in the last
transmission group. The remaining shafts run at relatively

Ihiaharenand and ea citithhiianrtard ¢ lace $Armiine



Kinematic Diagram

A kinematic layout is a
pictorial representation
of gearbox, describing
the arrangement of
gears.

It provides information
like number of stages,
number of shafts used,
number of gear pairs
and its arrangement.

EF]I_ |
S

Shaft - 1/ Input

Shaft - 2/ Intermediate

|

Shaft - 3/ Intermediate

|
,j—l;}— Shatt - 4 / Output



Ray diagram

A ray diagram is a representation of structural formula. It provides
information such as speed in each stage, the transmission ratio in each
stage, The total number of speeds and its values.

As seen in fig. (a) the maxi speed and minimum speed both are higher for
shaft. This requires smaller size of shafts due to reduced torque. But as
fig(b) the maximum speed and minimum speed both are lower which
requires lager size of shaft due to increased torque. The version indicated
in fig( c ) is the middle situation. One will definitely prefer the version(b) ,
but if the machine cost of shafts is not a criterion , then version(a) is
preferred.
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Example

* Design a gear box for a head stock to give 16 speeds ranging
from 50 rpm to 1600 rpm. The power is supplied by an
electric motor of 10 kw, running at 1440 rpm, through a V-belt
drive with a speed reduction of 221

Find () No. of teeth on each gears.
(Il) Percentage variation in speed.



Solution

1. Selection of standard speed
N, = 1600
N, =50
Z =16 :
0 - NIIIIIX]—Z-:T
N, 1
o 1600 |16-1
~ 1 50
= 1.259 = 1.25
2. From @ = 1.25, the standard speeds are

50, 63, 80, 100, 125,
160, 200, 250, 315, 400, 500, 630, 800, 1000, 1250, 1600 rpm



Cont...

3. Structural Diagram

here Z=16 = 2*2*2%*2
P,=P,=P,=P,=2

here X,=1, X,=P,=2, X;=P,P,=4
X3=P,P,P;=8

. Structural Formula

Z=2(1) 2(2) 2(4) 2(8)






Cont...

4. Speed Chart

Here the power is supplied to input shaft
through a belt

drive

Speed of input shaft
1440

Nmotor

N Speed Ratio 2




[+,
slolor Smn

Il 11t v vRPM

Ray Diagram
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Cont...

Determination of number of teeth on gears
Between shaft 1 & 2

. 315 1 21 22 2,
"T720° 2285 4798 48 Z,

Zl = 22 Zl = 48 (Zl+Zl — 70)

o250 1 18 18 Z,
27720 288 5184 52 Z,




Cont...

* As the same like above,
Between shaft 2 & 3

Zy=3225 =25 (Z3+Z3 = 57)

Zy=25 Z;=32 (Zs3Z; = 57)
» Betweenshaft 3&4

Zs = 32 zg = 20 (ZS+Z§ = 52)

Ze=20 Z¢ = 32 (Zg+Z¢g = 52)



cont...

* Betweenshaft 4 &5

Z, =50 Z, =20 (Z,+Z} = 70)

Zg =20 Z4 =50 (Zg+Z4 = 70)

6 22

48

32

32
20

20
32



7. Percentage Variation in Speeds

Available Selected %
Speed (rpm) Speed Variation

22 32 32 50

1 720 * 28 * 75 * 20 * 20 = 1689.6 1600 +5.06
L
2 *5225% 20720 1250 +2.08
22 32 32: 20

f 720 * 28 * 75 * 50 * 50 =i270:32 250 +8.12



Speed (rpm) Variation

4 204.1 160 +2.05

5 1031.25 1000 +3.125
6 165 160 +3.125
7 778.84 800 -0.145

8 124.6 125 -0.32



10

11

12

13

14

15

105.6

498.46

79.75

402.83

64.45

304.2

100

500

63

315

+5.6

-0.30

-0.31

+0.707

+2.30

-3.66

T

N M

N

s Y~ ~4



Cont...

8. Now the permissible speed variation
is = +10[0 — 1]%

+10 [1.25-1]

+2.5%

I.e. Maximum 5% variation

Here the percentage variation variation is more
or less within

the permissible value.



UNIT V CAMS, CLUTCHES AND BRAKES

Cam Design: Types-pressure angle and
under cutting base circle determination-forces
and surface stresses. Design of plate clutches —
axial clutches-cone clutches-internal expanding
rim clutches Electromagnetic clutches. Band and
Block brakes - external shoe brakes — Internal
expanding shoe brake.



Clutch

* Defination:-

Clutch is a device used in the transmission system of a motor vehicle to

engage and disengage the engine to the transmission,

A clutch is a mechanical device that engages and disengages the power transmission,
especially from driving shaft to driven shafi.




CUurcuornr Or CluLcni

. When the clutch is engaged, the power flows from the engine to the
wheels through the transmission system and the vehicle moves.

. When the clutch is disengaged, the power is not transmitted to the
wheels and the vehicles stops while the engine is still running.

. The clutch is kept engaged when the vehicle is moving.

. The clutch also permits the gradual taking up of the load. When
properly operated, it prevents jerky motion of the vehicle.

. The clutch is disengaged :-

i) when starting the engine.
ii) when shifting the gears.

iii) when stopping the vehicle.
iv) when idling the engine.



Frinciplie Oor vuperacior

OThe clutch works on the principles of
friction.

OWhen two friction surfaces are brought in
contact with each other and pressed they

are united due to the friction between

Pressure plate fm

them. \

OThe friction between the three surfaces =

depends upon:- &

i) Area of the

surfaces. &

ii) applied pressure. &
o iii) co-efficient of ‘Z A

friction. I

UThe two surfaces can be separated and
brought into contact when required. Main parts of clutch

UOne surface is considered as driving
member and other as driven member.

OThe driving member is kept rotating.

asing spring



Requirements of a clutch

*sTorque transmission
**Gradual engagement
**Heat dissipation
**Dynamic balancing
**Vibration damping
*»Size

**Free pedal play
**Easy in operation
*»Lightness



Main parts of a clutch

1. Driving member
2. Driven member
3. Operating member

= Driving member has a flywheel which is mounted on the engine
crankshaft. A disc is bolted to flywheel which is known as pressure
plate or driving disc.

= The driven member is a disc called clutch plate. This plate can slide
freely to and fro on the clutch shaft.

* The operating member consists of a pedal or lever which can be
pressed to disengage the driving and driven plate.
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Friction clutch :-
(a) Single plate clutch
(b) Multi plate clutch -
i) Wet
ii) Dry
(c) Cone clutch -
i) External
ii) Internal
. Centrifugal clutch
. Electromagnetic Clutch
Vacuum Clutch

. Hydraulic clutch



051 pPlale CluLLr|

* |t has only one clutch plate which is mounted on the splines of
the clutch shaft.

* The flywheel is mounted on the engine crankshaft and rotates
with it.

* The pressure plate is bolted to the flywheel through clutch
springs. It is free to slide on the clutch shaft when the clutch
pedal is operated.



Working of single plate clutch

** When the clutch is engage:-

The clutch plate is gripped between the flywheel and
the pressure plate. Due to the friction between the flywheel, clutch plate and pressure plate, the
clutch plate revolves with the flywheel. As the clutch plate revolves, the clutch shaft also revolves.
Clutch shaft is connected to the transmission. Thus, the engine power is transmitted to the
crankshaft to the clutch shaft.

* When the clutch is disengage:-

When the clutch is pressed, the pressure plate
moves back against the force of the springs, and the clutch plate becomes free between the
flywheel and the pressure plate. Thus, the flywheel remains rotating as long as engine is running
and the clutch shaft speed reduces slowly and finally it stops rotating. As soon as the clutch pedal is
pressed, the clutch is said to be disengaged.



Multiplate clutch

Multiplate clutch consists of a number of clutch £ O s g il & et
plate, instead of only one clutch plate as in the case A' Nt pedal rems
of single clutch plate. ? 3" re
The increased number of friction surfaces obviously g i""'" 227 e S
increases the capacity of the clutch to transmit l,,wl ol B Yesans - E I s s I
torque. = I ! ! i :
s 1 . Dotz groy
The plates are alternately fitted to the engine shaft ey et T ¢ 1 ¢l
and gear box shaft. H ddig s Fruen e # (it oo

A - Scpm e phao (0 Prooses plasn
Each of the alternate plate slides in grooves on the Ty Shed
flywheel and the other slides on splines on the s

pressure plate.
—— o

Lipwgr © Ve tre ow
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Clutch plate engaged with the flywheel and torque is transmitted flywheel from the through
friction facing(clutch plates) to the transmission clutch shaft(clutch shafts).Hence real wheel of the
car also rotates.

When the clutch pedal is pressed the release bearing acts on the pressure plates diaphragms and
move the pressure plates away from the flywheel.

This release bearing the clamping force on the facings plate and separator plate and allows
flywheel to freely without turning the clutch shaft.

Now the clutch plate disengage with the flywheel, and drive is no longer transmitted.

When the pedal is released, the spring tension forces the pressure plates, clutch plates and
separator plates against the flywheel, clamping all components together.



Cone clutch

Cone clutch consists of friction surfaces in form of cone. The
engine shaft consists of a female cone. The male cone is
mounted on the splined clutch shaft. It has friction surfaces

on the conical portion. The male cone can slide on the clutch
shaft.

% When the clutch is engaged the friction surfaces of the
male cone are in contact with that of the female cone due
to the force of spring.

“* When the clutch pedal is pressed, the male cone slides
against the spring force and the clutch is disengaged.

& Inner Cone

Tearsomething com

 Driven Shuf

V| Actusmng Spring
~ Coatact Lever

“SFriction Lining



How to works a cone clutch
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Centrifugal clutch

+* The centrifugal clutch uses centrifugal force, instead Centrifugal Clutch
of spring force for keeping it in engaged position.
Also, it does not require clutch pedal for operating

F=mrw*®

the clutch.
** The clutch is operated automatically depending
upon the engine speed. .
** The vehicle can be ted in any gear by pressing the , '-'—-}—-
accelerator pedal. stopped in gear without stalling
the engine.
| Friction
% The vehicle can be start. ining

Total friction torque (T) = nER(F-P)



Electromagnetic clutch

¢ In this type of clutch, the flywheel
consists of winding.The current
supplied in the winding from the
battery or dynamo. When the current
passes through the winding, it
produces an electromagnetic field
which attracts the pressure plate,
thereby engaging the clutch. When
the supply is cut-off, the clutch is
disengaged.




Vacuum Clutch

** It consists of a vacuum cylinder with piston, WITEY | etk W R oL

solenoid operate valve, reservoir and a non- ""—'\j o
return valve. The reservoir is connected to the

engine manifold through a non-return valve. 0 0L WD

Vacuum cylinder is connected to the reservoir P I SLENOD

through solenoid operated valve. The solenoid is
operated form the battery and the circuit Yox- AT

incorporates a switch which is placed in the gear w - !
lever. r-"lm P \

** Movement of the piston is transmitted by a r J ! l
linkage to the clutch, causing it to disengage. l | ——— EFP
When the driver is not operating the gear lever, ] VNt
the switch is open and the clutch remains ‘

engaged due to the force of springs. BOUM CrLaoee



Hydraulic Clutch

% The hydraulic clutch is operated in the same

way as the vacuum clutch. Only the difference is Mm
that it is operated by oil pressure whereas the
vacuum clutch is operated by vacuum.
“* The pump is operated by the engine itself. The —
oil from the reservoir is pumped intothe  ES=

accumulator tank. The accumulator tank is
connected to the cylinder through the control
valve, The control valve is electrically controlled
by a switch in the gear lever.

** When the driver holds the gear lever to change
the gears, the switch is operated to open the
control valve admitting the oil under pressure to
the cylinder. Due to the oil pressure, the piston <
moves causing the clutch to the disengaged. —

** As soon as the driver leaves the gear lever, the
switch is open which closed the control valve
and the clutch is engaged.
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