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UNIT I GEARS AND GEAR TRAINS (9)
Spur gear — law of toothed gearing — involute gearing — Interchangeable
gears — Gear tooth action interference and undercutting — nonstandard

teeth — gear trains — parallel axis gears trains — epicyclic gear trains —
automotive transmission gear trains.
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Introduction

* Friction Wheel
The wheel Is rotated so long as A

.
the tangential force exerted by f i\‘ i‘\a
the other wheel. But when the %7

tangential force (P) exceeds the K /\4/

frictional  resistance (F), L

P
slipping  will take place a8 1' L
between the two wheels. Thus Line of contact
the friction drive Is not a (o Friction wheels.

positive drive
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Toothed Wheel

To avoid the slipping, a
number of projections (called
teeth) are provided on the =W T
periphery of the wheel which " )

Fﬂllower \
will fit into the 1 @ ) (@
corresponding recesses on . | S
the periphery of the other = |l
wheel friction wheel with the Mol
teeth cut on 1t I1s known as | [e—shatts —» |
toothed wheel or gear. (b) Toothed wheels.
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Advantages and Disadvantages of' .
Gear Drive

« Advantages
It transmits exact velocity ratio.
It may be used to transmit large power.
It has high efficiency.
It has reliable service.
It has compact layout.
« Disadvantages

The manufacture of gears require special tools and
equipment.

The error In cutting teeth may cause vibrations and
noise during operation.
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Application of Gear Drive

« Small — Wrist watch, Toys, Home appliences, etc.,

« Medium - Lathe, Milling machine, Shaping
machine, Automotive gear box, Simple power
transmission system, etc.,

« Large — Turbines, Marine, Aero space, Cranes, etc.,
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Classification of Toothed Gears (-

% Y
4.J.cou

1. According to the position of axes of the shafts.

(a) Para

lel, (b) Intersecting, and (c) Non-intersecting and

non-parallel.

2. According to the peripheral velocity of the gears.

(a) Low

velocity (< 3m/s), (b) Medium velocity (3-15 m/s),

and (c) High velocity ( >15m/s).
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3. According to the type of gearing

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

4. According to position of teeth on the gear surface
(a) Straight, (b) Inclined, and (c) Curved.
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Types of Gears

* Spur Gear - Tooth profile iIs parallel to the axis of
rotation, transmits motion between parallel shafts.
— External spur gear
— Internal Spur gear

Gear (large gear)

Internal gears
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Types of Gears

Helical Gear - — teeth are inclined to the axis of
rotation, the angle provides more gradual engagement
of the teeth during meshing, transmits motion between

parallel shafts.

— Single Helical gear
— Double Helical gear
(Herringbone gear
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Types of Gears

- Bevel Gear - Teeth are formed on a conical surface,
used to transfer motion between non-parallel and
Intersecting shafts.

— Straight bevel gear
— Spiral bevel gear

Straight
Spiral bevel gear

bevel gear
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Types of Gears

 Worm and Worm wheel - Consists of a helical gear
and a power screw (worm), used to transfer motion
between non-parallel and non-intersecting shafts.

Helical gear

Worm




Types of Gears

« Rack and Pinion - A special case of spur gears with
the gear having an infinitely large diameter, the teeth
are laid flat.
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Gear Materials

* The material used for the manufacture of gears
depends upon the strength and service
conditions like wear, noise etc

* The gears may be manufactured from metallic
or non-metallic materials

» Metallic gears - cast iron, steel and bronze.

 Nonmetallic — wood, compressed paper,
Composite materials, PVC, nylon
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Nomenclature of Gear

Addendum circle
Top land

Addendum

Dedendum Pitch surface element

— Working depth

[ Pitch circle

e

Tooth Ehir:knass

Circular pitch \_ .
Total depth Tooth space J

Root or dedendum circle

Clearance

Clearance or
working depth circle
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1. Pitch circle. It 1s an imaginary circle which by ﬁ' -3
rolling action, would give the same motion as the actuaiﬁ”
gear.

2. Pitch circle diameter. It is the diameter of the pitch
circle. The size of the gear i1s usually specified by the
pitch circle diameter. It is also known as pitch diameter.

3. Pitch point. It i1s a common point of contact between
two pitch circles.

4. Pressure angle or angle of obliquity. It is the angle
petween the common normal to two gear teeth at the
point of contact and the common tangent at the pitch
point. It 1s usually denoted by The standard pressure
angles are 14 ° and 20°
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5. Addendum. It is the radial distance of a tooth flfg

the pitch circle to the top of the tooth..

6. Dedendum. It 1s the radial distance of a tooth from
the pitch circle to the bottom of the tooth.

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

8. Dedendum circle. It is the circle drawn through the
bottom of the teeth. It is also called root circle.

gs 0
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9. Circular pitch. It Is the distance measured on the
circumference of the pitch circle from a point of one
tooth to the corresponding point on the next tooth. It
Is usually denoted by pc.

« Mathematically,
Circular pitch, pc = =nD/T
where D = Diameter of the pitch circle, and
T = Number of teeth on the wheel..

Dr.G.Ramesh, Asso.Prof, Dept. of Mechanical, MSAJCE



10. Diametral pitch. It is the ratio of number of teeth
to the pitch circle diameter in millimetres. It is
denoted by pd

Mathematically,

T TC ( D ]
: . - == (., =P
Diametral pitch, Pa D . T

where T = Number of teeth, and
D = Pitch circle diameter.
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11. Module. It is the ratio of the pitch circle diametet i Ik
millimeters to the number of teeth. It is usually

denoted by m.
Mathematically, Module, m=D /T

12. Clearance. It is the radial distance from the top of
the tooth to the bottom of the tooth, in a meshing
gear. A circle passing through the top of the meshing
gear I1s known as clearance circle.

13. Total depth. It Is the radial distance between the
addendum and the dedendum circles of a gear. It IS
equal to the sum of the addendum and dedendum.
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14. Working depth. It Is the radial distance from%, N6/
addendum circle to the clearance circle. It is equal to
the sum of the addendum of the two meshing gears.

15. Tooth thickness. It 1s the width of the tooth
measured along the pitch circle.

16. Tooth space . It is the width of space between the
two adjacent teeth measured along the pitch circle..
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17. Backlash. It 1s the difference between the tootdﬁh

space and the tooth thickness, as measured along t
pitch circle. Theoretically, the backlash should
zero, but In actual practice some backlash must

ne
0€

0€

allowed to prevent jamming of the teeth due to tooth

errors and thermal expansion.
18. Interference & Undercutting
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Gear tooth forms

1. Cycloidal teeth

Pitgrlline

Flank
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Advantages of Cycloidal teeth ')

* Cycloidal teeth have wider flanks, therefore the
cycloidal gears are stronger than the involute gears

 Less wear In cycloidal gears as compared to involute
gears

* Interference does not occur at all

 EXxact centre distance to be maintained
 Pressure angle varies during the engagement
* Manufacturing cost Is more
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2. Involute teeth

Rolling
tangent

. Base
circle
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« Centre distance for a pair may be varied with in the
limits

* Pressure angle 1Is constant through out the
engagement

« Easy to manufacture

* Interference occurs
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Law of Gearing
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The common normals of both
contact points still pass through the
same pitch point

The common normal of the tooth
profiles, at all contact points within
the mesh, must always pass through
a fixed point on the line of centers,
called the pitch point..

The fundamental law of gearing
states that the angular velocity
ratio of all gears must remain
constant throughout the gear
mesh.



Let T T be the common tangent and MN be the
common normal to the curves at the point of contact (). From the
centres O, and O, , draw O,M and O,N perpendicular to MN. A
little consideration will show that the point () moves in the direction
OC, when considered as a point on wheel 1, and in the direction
OD when considered as a point on wheel 2.

Let V, and V, be the velocities of the point
Q on the wheels 1 and 2 respectively. If the
teeth are to remain In contact, then the
components of these velocities along the
common normal MN must be equal
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v, COS 0L =V, cos [3

(@ X 0,0) cos o = (0, X 0, Q) cosf

(y X 0, Q) O M :(mszQQ)% or & XOM =®, X O,N
O, 0,0
o _ON
®w, OM
Also from similar triangles O, MP and O,NP,
O,N O,P
OM  OP
Combining equations (7) and (iz), we have
o ON OP D, T;
@ OM OP D T

The angular velocity ratio is inversely proportional to the ratio of the

distances of the point P from the centres O1 and O2
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Velocity of Sliding teeth

The velocity of sliding is the velocity of one tooth relative to its mating tooth along
the common tangent at the point of contact

The velocity of point Q, considered as a point on wheel 1, along the common tangent TT is
represented by EC. From similar triangles QEC and O;MQ,

EC'= v
MQ o0

Similarly, the velocity of point Q, considered as a point on wheel 2, along the
common tangent TT is represented by ED. From similar triangles QCD and O,

NQ,

= oy or EC =mo,. MQ

E.D ¥
= —=—=1), or ED = w,.ON
ON 0,0
vg = Velocity of sliding at (. /

vg = ED — EC = 5. ON — ®,. MQ
=, (QP + PN) — , (MP —QP)

=(oy + ) OF + . PN —, . MP
@, O,P PN
w, OP MP
D vg = (0 + @y ) OF

Since

or . MP=uw,.PN,



Length of path of contact

The length of path of contact is the length of common normal cut
off by the addendum circles of the wheel and pinion

From the fig.
KL = Length of path of contact ?2
KL = KP+PL

KP = Length of path of approach

PL = Length of path of recess

r, = O,L Radius of addendum circle
of the pinion

R, = O,K Radius of addendum

Base circle

; ;—Pitch circle

%
circle of the gear b 3\\
r =0O,PRadius of PCD of the p,,,,o,,;}\ " Zoass-ich i
pinion o, erele
R = O,P Radius of PCD circle of
the gear
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From the fig B B g'
Radius of the base circle of the pinion = OM =0O,Pcos¢ =rcosg Q}
Radius of the base circle of the gear = _ _ o

u ' J O,N =0O,Pcos¢g =Rcos¢

Now from right angled triangle OK N,

KN = (0,K)* — (O,N)* = J(RA ) — R*cos® ¢

PN = O,Psin¢ = R sin@
. Length of the part of the path of contact, or the path of approach,

KP = KN — PN = \/(RA)I — R* cos®* ¢ — R sin¢
Similarly from right angled triangle O M L,
ML = \/(O,1)> — (OM)* =/(ry)* — r*cos’ ¢

MP = O/Psin¢ =rsin¢
Length of the part of the path of contact, or path of recess,

PL = ML — MP = \[(r)? — r* cos® ¢ — rsin¢

ID.MaAllicol i, /AAJJV.IMvl, L vl viculiailnuatl, iviomveoe i



Length of Arc of Contact

The arc of contact is the path traced by a point on the pitch circle
from the beginning to the end of engagement of a given pair of teeth

* The length of path of contact is the sum of arc of approach

and arc of recess 1 |
+ The length of the arc of approach = gt of path of approach _ KP

cosd oS )

Length of path of recess PL
* The length of the arc of recess - =5 P —

cos ¢  cos
« Length of the arc of contact _ Length of path of contact _ K7
cos O cos ¢
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Contact Ratio ()

The contact ratio or the number of pairs of teeth in contact e’
IS defined as the ratio of the length of the arc of contact
to the circular pitch

Contact ratio or number of pairs of teeth in contact
~ Length of the arc of contact

Pe
p. = Circular pitch = wm, and

m = Module.
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Interference in Involute Gears

* The tip of tooth on the pinion undercut the tooth orr g
the wheel at the root and remove part of the involute
profile of tooth on the wheel. This effect is known as
Interference. In brief, The phenomenon when the
tip of tooth undercuts the root on Its mating gear Is
known as interference

* Interference may be prevented, If the addendum
circles of the two mating gears cut the common
tangent to the base circles between the points of
tangency.
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« \When interference Is just avoided, the maximum
length of path of contact is MN

« Maximum length of path of approach MP = rsin ¢

« Maximum length of path of recess PN =R sin ¢

« Maximum length of path of contact
MN=MP+PN=rsindp+Rsindp=(r+ R)sin ¢

« maximum length of arc of contact
(r+ R)sing¢

=(r+ R)tan¢
cos ¢
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Avoid Interference

et o,
_ - p Base circle
t = Number of teeth on the pinion,, o fi5 ,L o ol
I' = Number of teeth on the wheel, \ / ) /e—Actual add. circle
I N &,
m = Module of the teeth, ' Max. addendum circle
r = Pitch circle radius of pinion = m.z /2 T
: M 1 Actual add. circl
G = Gearratio=T/t=R/r / / A\ o AR AT
/ \
_ " ahliam Base circle\? | / - Pitch circle
® = Pressure angle or angle of obliquity. 7 " inion
01
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From triangle O,NP,

(ONY = (O,PY + (PN)* - 2X O,P X PN cos OPN
=r’ + R sin® 0 - 2r.R sin¢ cos (90° + ¢)

.. PN = 0,P sin = Rsin9)

=% + R*sin® ¢+ 2r R sin® ¢

2.2 . 2
= r? [H i snzn ¢+ ZRsin q]]rz[HE(EJrQJsinz q:]

r r r\r

. Limiting radius of the pinion addendum circle,

O]N_r\/l+£(£+2]sin2¢_m—f\ll+zlz+2} sin’ ¢
r\r 2 t|t

Let Apm = Addendum of the pinion, where A, is a fraction by which the standard
addendum of one module for the pinion should be multiplied in order
to avoid interference.
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We know that the addendum of the pinion
=0ON-0/P

Ap.m:m?j 1+£(z+2)sinz¢—"§

I \r

S DT ) 6in2 g -
= 2[Jl+r[t+2)sm ) 1]

A, =% [Jl+§[§+2) sinzq)—]}

_(-OP=r=mtl2)
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Minimum Number of Teeth on the Wheel
to Avoid Interference
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Problem 1 A pinion having 30 teeth drives a gear having 80 teeth. The profile i
gears is involute with 20° pressure angle, 12 mm module and 10 mm addendun o
Find the length of path of contact, arc of contact and the contact ratio. o

Solution. Given :t=30;T=80;¢$=20°; m=12 mm ; Addendum = 10 mm

Length of path of contact We know that pitch circle radius of pinion,r=m.t/2=12x30/2
=180 mm

and pitch circle radius of gear,

R=m.T/2=12x80/2=480 mm
.. Radius of addendum circle of pinion,

r,=r+ Addendum =180+ 10= 190 mm

and radius of addendum circle of gear,

R, =R + Addendum = 480 + 10 =490 mm
We know that length of the path of approach,

KP = \J(Ry)* — R* cos> ¢ — R sin¢
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= /(490)% — (480)% cos? 20° — 480 sin 20° =191.5—164.2=27.3 mm

and length of the path of recess,

PL = \/(rﬁ)z — r? cos? G — r sing

= \/ (190)* — (180)” cos” 20° — 180 sin20° = 86.6 — 61.6 = 25 mm
We know that length of path of contact,
KL=KP+PL=273+25=523mm Ans.

Length of arc of contact
We know that length of arc of contact

_ Length of path of contact ~ 52.3

= 55.66 mm Ans.
cosd cos 20°
Contact ratio
We know that circular pitch,
p.=Mm=mx12=37.7 mm
: Length of f tact 55.66
Contact ratio = ——o— 0~ °° 9" PONEE _ =1.5 say 2 Ans.

2. 37.7
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Problem 2 Two involute gears of 20° pressure angle are in mesh. The number of teeth{
on pinion is 20 and the gear ratio is 2. If the pitch expressed in module is 5 mm and the«»,% =
pitch line

speed is 1.2 m/s, assuming addendum as standard and equal to one module, find :
1. The angle turned through by pinion when one pair of teeth is in mesh ; and

2. The maximum velocity of sliding.

Solution. Given : $ =20°;¢t=20; G=T/t=2; m=5mm ; v= 1.2 m/s ; addendum = 1 module =
5 mm
1. Angle turned through by pinion when one pair of teeth is in mesh
We know that pitch circle radius of pinion,
r=m.t/2=5x20/2=50mm

and pitch circle radius of wheel,
R=m.T/2=m.Git/2=2x20x5/2=100mm (s T=G1)

.. Radius of addendum circle of pinion,
ry =r+ Addendum = 50 + 5 = 55 mm
and radius of addendum circle of wheel,
R, =R + Addendum = 100 + 5= 105 mm
We know that length of the path of approach (i.e. the path of contact when engagement
occurs),
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KP = \(Ry)’ — R* cos’¢ — Rsin¢

5
% ©
4.4.cout®

= /(105)> — (100)? cos® 20° — 100 sin20°

=46.85 —34.2 =12.65 mm

and the length of path of recess (i.e. the path of contact when disengagement occurs),

PL = J{FA)E — r* cos’ ¢ — rsind

= \/(55)2 — (50)* cos” 20° — 50 sin 20° = 28.6 —17.1=11.5 mm
.. Length of the path of contact,
KL=KP+PL=12.65+11.5=24.15 mm

and length of the arc of contact

_ Length of path of contact  24.15

cosQ €05 20°

We know that angle turned through by pinion

_ Length of arc of contact x 360°  25.7 X 360°
Circumference of pinion 21T x 50

= 25.7 mm

= 29.45° Ans.
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2. Maximum velocity of sliding
Let ®, = Angular speed of pinion, and
®, = Angular speed of wheel.
We know that pitch line speed,
V=0,.F=0,R
®, =vr = 120/5 =24 rad/s
and ®,=Vv/R =120/10 = 12 rad/s
~. Maximum velocity of sliding,
ve= (0, + ®,)) KP .- KP > PL)

=(24 +12) 12.65 =455.4 mm/s Ans.
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Problem 3: The following data relate to a pair of 20° involute gears in mesh :
Module = 6 mm, Number of teeth on pinion = 17, Number of teeth on gear = 49 ;
Addendum on pinion and gear wheel = 1 module.

Find : 1. The number of pairs of teeth in contact; 2. The angle turned through by the
pinion and the gear wheel when one pair of teeth is in contact, and 3. The ratio of
sliding to rolling motion when the tip of a tooth on the larger wheel (i) is just making
contact, (ii) is just leaving contact with its mating tooth, and (iii) is at the pitch point.

Solution. Given: ¢ =20°; m=6 mm; t=17; T =49 ; Addenda on pinion and gear
wheel = 1 module = 6 mm

Pitch circle radius of the pinionr=m.t / 2=6x17 /2 =51 mm
Pitch circle radius of the pinion R=m.T / 2=6 x49 /2 =147 mm

Radius of addendum circle of pinion, ra=r + Addendum =51 + 6 =57 mm
Radius of addendum circle of gear, R .= R + Addendum = 147 + 6 = 153 mm
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We know that the length of path of approach (i.e. the path of contact when engagement occurs),

KP = \|(R,)* — R® cos” ¢ — Rsin¢

= \/{153}3 — (147)% cos® 20° — 147 sin 20°

=65.8 =503 =155 mm

length of path of recess (i.e. the path of contact when disengagement occurs)

PL = \/irﬂ}2 — 7% cos* ¢ — rsing

= \/(5?)3 — (51)% cos? 20° — 51 sin 20°

=30.85-17.44 =13.4] mm

. Length of path of contact,
KL=KP+ PL=155+1341=289]1 mm
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Length of path of contact  28.91

and length of arc of contact = = = 30.8 mm
cosd cos 20°
We know that circular pitch,
p.=mm=mnx6=18852 mm
.. Number of pairs of teeth in contact (or contact ratio)
_ Length of arc of contact  30.8 ~ 1.6 say 2 Ans.

Circular pitch  18.852

2. Angle turned through by the pinion and gear wheel when one pair of teeth is in contact
We know that angle turned through by the pinion

_ Length of arc of contact X 360° _ 30.8x360

: — = = 34.6° Ans.
Circumference of pinion 2n x 51
and angle turned through by the gear wheel
Length of arc of contact x 360° 30.8x360 5
= = =12 Ans.

Circumference of gear - 2mx 147
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3. Ratio of shding to relling motion
Let ®; = Angular velocity of pinion, and
0, = Angular velocity of gear wheel.
We know that wy, /@, =T/t or w, =wy X#t/T =w x17/49=0347 o,
and rolling velocity, vg =0y =0, R =0y %51 =51 @ mm/fs
(1) At the instant when the tip of a tooth on the larger wheel 15 just making contact with 1ts
mating teeth (i.e. when the engagement commences), the slhiding velocity
Ve = (0 + ) KP = (e + 0.347 @) 15.5 = 20.88 ©, mm/s

. Ratio of sliding velocity to rolling velocity,

v, 2088 o

= =041 Ans.
Vg 51y
(11) At the instant when the tip of a tooth on the larger wheel 15 just leaving contact with its
mating teeth (i.e. when engagement terminates), the sliding velocity,

Vs = (W) + @) PL= () +0.3470)) 1341 =18 1 6y mm/s
. Ratio of shiding velocity to rolling velocity

Vs = lS.lml = 0355 Ans.

Vg 51 ay
(177) Since at the pitch point, the shiding velocity 15 zero, therefore the ratio of sliding velocity
to rolling velocity 1s zero. Ans.
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Problem 4. Two mating gears have 20 and 40 involute teeth of module 10 mm and 20° £ S/8 _
pressure angle. The addendum on each wheel is to be made of such a length that the line of conzgu% 72 X
on each side of the pitch point has half the maximum possible length. Determine the addendum ==

height for each gear wheel, length of the path of contact, arc of contact and contact ratio.

4,*

Solution. Given : t=20;T=40; m=10 mm ; ¢ = 20°

Addendum height for each gear wheel

pitch circle radius of the smaller gear wheel, r=m.t /2=10x 20 /2 =100 mm
pitch circle radius of the larger gear wheel, R=m.T /2=10x 40 /2 =200 mm

RA = Radius of addendum circle for the larger gear wheel, and
rA = Radius of addendum circle for the smaller gear wheel.

Since the addendum on each wheel is to be made of such a length that the line of

contact on each side of the pitch point (i.e. the path of approach and the path of
recess) has half the maximum possible length, therefore
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Path of approach, KP =1 MP

r.sind

J(RA)Z — R* cos’ ¢ — Rsing =

JR)? — (200)? cos? 20° — 200 sin 20° = 20X SB20T _ 5 G 2e
A 2

J(Ry)? =35 320 = 50 sin20° + 200 sin20° = 250 x 0.342 = 85.5

[}

(Ry)  —35320 = (85.5)2 =7310 ...(Squaring both sides)
(R,)>=7310+35320=42630 or R,=206.5mm
.. Addendum height for larger gear wheel

=R, — R=206.5- 200 = 6.5 mm Ans.

Now path ofrecess, ~ PL =1 PN
: R.si
J(rA)z —r’cos’ ¢ —rsing = S;l(p
i 200 sin 20° .
\/(rﬁ)z —(100)? cos? 20° — 100 sin 20° = % — 100 sin 20°

J(r)? — (100) cos? 20° = 100 sin 20° + 100 sin 20° = 200 x 0.342 = 68.4
(ry ]2 — 8830 = (68_4}2 = 4680 ...(Squaring both sides)

(ry)* = 4680 + 8830 =13 510 or ry =116.2 mm
. Addendum height for smaller gear wheel

=r, —r=1162—-100 = 6.2 mm Ans.
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Length of the path of contact
We know that length of the path of contact

_KP+PL=2yp s Lpy = RS0
2 2 2
L

_ (100 +200)sin 20° .

2

Length of the arc of contact
We know that length of the arc of contact

_ Length of the path of contact  51.3
cos ¢ cos 20°

= 54.6 mm Ans.

Contact ratio
We know that circular pitch,
P(=1tm =n *x ]10=31.42 mm

Length of the path of contact  54.6
P 31.42

Contact ratio = =1.74 say 2 Ans.
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Problem 5. Determine the minimum number of teeth required on a pinion, in order to
avoid interference which is to gear with,
1. a wheel to give a gear ratio of 3 to 1 ; and 2. an equal wheel.

The pressure angle is 20° and a standard addendum of 1 module for the wheel may be
assumed.

Solution. Given : G=T/t=3; $ =20°; 4 w= 1 module

1. Minimum number of teeth for a gear ratio of 3 : 1
We know that minimum number of teeth required on a pinion,

2 X 4‘11.;'?

of-ole)e

_ 2x1 2 _15.040rl6 Aps.

(1 . 0.133
3| .1+ =] =+ 2 |sin~20° -1
313

I =
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2. Minimum number of teeth for equal wheel
We know that minimum number of teeth for equal wheel,

2 X Ay 2x1 2

[ = = =
Jl+3sin®9—1 1+3sin® 20° -1 0-162

=12.34 or 13 Ans.
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Problem 6. A pair of involute spur gears with 16° pressure angle and pitch of module 6 mm is ig*
mesh. The number of teeth on pinion is 16 and its rotational speed is 240 r.p.m. When the gear
ratio is 1.73, find in order that the interference is just avoided ; 1. the addenda on pinion and
gear wheel ; 2. the length of path of contact ; and 3. the maximum velocity of sliding of teeth on
either side of the pitch point

Solution. Given : $ =16° ; m=6 mm ; = 16 ; Ni= 240 r.p.m. or
=21 X 240/60 =25.136rad/s ; G=T/t=1.750r T=G.t=1.75x 16 =28

1. Addenda on pinion and gear wheel

We know that addendum on pinion

m.t T(T o
=—|./1+—|—+2|smn"¢ -1
6x16 28 .9
= 1+ — §+2 s~ 16° —1
2 16 | 16

=48 (1.224 — 1) =10.76 mm Amns.
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addendum on wheel _mlI \,1 A +2 |sin ¢ —1
2 T\T

6 % 28
= 1+E E+2 sin”16° — 1
2 28 | 28

=84 (1.054 — 1) =4.56 mm Ans.

2. Length of path of contact

We know that the pitch circle radius of wheel,
R=mT/2=6x28/2=84 mm
and pitch circle radius of pinion,
r=mt/2=6x16/2 =48 mm
.. Addendum circle radius of wheel,
R, = R + Addendum of wheel = 84 + 10.76 = 94.76 mm
and addendum circle radius of pinion,
r, =r+ Addendum of pinion = 48 + 4.56 = 52.56 mm

We know that the length of path of approach,

KP = \/(R,)> — R*cos” ¢ — R sin¢

= \/{94.?6)3 — (84)? cos? 16° — 84 sin16°

=496 —23.15 = 26.45 mm
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length of the path of recess,

PL = \/(rﬁk)2 —r’cos’ ¢ — rsind

= \Ku{52.515)2 — (48)% cos® 16° — 48 s5in16°

=25.17-1323=11.94 mm
.. Length of the path of contact,

KL =KP + PL=2645+11.94 =38.39 mm Ans.

3. Maximum velocity of sliding of teeth on either side of pitch point

Let ®, = Angular speed of gear wheel.
25.136
We know that ﬂ:Ezl.?ﬁ or W, = S _ =14.28 rad/s
®, I - 1.75 1.75

. Maximum velocity of sliding of teeth on the left side of pitch point i.e. at point K
= (0 + ®,) KP = (25.136 + 14.28) 26.45 = 1043 mm/s Ans.
and maximum velocity of sliding of teeth on the right side of pitch point i.e. at point L
= (w, + ®,) PL =(25.136 +14.28) 11.94 = 471 mm/s Ans.
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GEAR TRAIN

* Two or more gears are made to mesh with
each other to transmit power from one shaft to
another. Such a combination is called gear train or
train of toothed wheels.

* The nature of the train used depends upon the
velocity ratio required and the relative position of the
axes of shafts. A gear train may consist of spur, bevel
or spiral gears
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Types of Gear Trains

1. Simple gear train,

2. Compound gear train,
3. Reverted gear train, and
4. Epicyclic gear train.

In the first three types of gear trains, the axes of the shafts
over which the gears are mounted are fixed relative to each

other.

But in case of epicyclic gear trains, the axes of the shafts
on which the gears are mounted may move relative to a
fixed axis.
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Simple gear train

Driven or

Driver Driven or ] .
follower ~ Driver Driven or Driver follower
1 follower

e (0
e

'-—olﬂ' L b e
| ]

] | ‘ I

L]

(a) ) ()
Let N, = Speed of gear 1(or driver) in r.p.m.,

= i i N T
N, = Speed of gear 2 (or driven or follower) in r.p.m., e e el L
T, = Number of teeth on gear 1, and » I

T, = Number of teeth on gear 2.

Ratio of the speed of the driven or follower
N, 5

to the speed of the driver is Train value — -*2
known as train value of the gear train. N L
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Compound gear train

Driver Compound

Driven

The speed ratio of compound gear train is obtained by .s A as 5
|
'l L1111 =
, o
iy | c
|
leNaxNizT_szxﬁ or Ny _ T, XTI, XTI 3”]] | m )
Ny Ny Ng I} I Is Ne I XI3 XT3 '
u D
5] ' ! 6
| |
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Reverted gear train

Compound
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Epicyclic gear train

Where a gear A and the arm C have a common axis

gear B or vice- versa, but if gear A is fixed and the
arm is rotated about the axis of gear A (i.e. 0,), [0\
then the gear B is forced to rotate upon and
around gear A.

Such a motion is called epicyclic and the gear
trains arranged in such a manner that one or more
of their members move upon and around another
member are known as epicyclic gear trains

at O, about which they can rotate. The gear B , o Cg—
meshes with gear A and has its axis on the arm at ﬁ"'|_:‘ v/
O,, about which the gear B can rotate. If the arm is ,501_4__ AR
fixed, the gear train is simple and gear A can drive NEA
|
|| l
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2%

Velocity Ratios of Epicyclic Gear Train
1. Tabular method, and 2. Algebraic method.

B
A -
Tabular method. / |L\\

« Consider an epicyclic gear train as shown in Fig. \ /N
|
|| '

Let T, = Number of teeth on gear A, and

Tg = Number of teeth on gear B. |
Revolutions of elements &iﬁ

Step No. Conditions of motion Arm C Gear A Gear B
Ta
1. Arm fixed-gear 4 rotates through + 1 0 +1 T
revolution i.e. 1 rev. anticlockwise B
I
2. Arm fixed-gear 4 rotates through + x 0 +x —XX Ta
revolutions B

= Add + y revolutions to all elements Ty Ty Ty
: N /'y
4 Total motion +y et y—-xXx T
: - B
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Problem 1. In an epicyclic gear train, an arm carries two gears A and B having 36 and 45
teeth respectively. If the arm rotates at 150 r.p.m. in the anticlockwise direction about the
centre of the gear A which is fixed, determine the speed of gear B. If the gear A instead of

being fixed, makes 300 r.p.m. in the clockwise direction, what will be the speed of gear B

?

Solution. Given : TA=36; TB =45 ; NC = 150 r.p.m. (anticlockwise) /f‘ "-\
|Ill .I‘III

A

B
o —— i — o —
=

|. R —
N

\_

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
: N
1. Arm fixed-gear 4 rotates through + 1 0 +1 - T_
revolution (i.e. 1 rev. anticlockwise) B
: Ty
y3 Arm fixed-gear 4 rotates through + x 0 +x — XX T_
revolutions B

3 Add + y revolutions to all elements +y +y +y
L Ta
4. Total motion +y Xty y—xX—
c - IB.
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Speed of gear B when gear A is fixed

Since the speed of arm is 150 r.p.m. anticlockwise, therefore from the fourth row of the table,
y=+ 150 rp.m.
Also the gear 4 1s fixed, therefore
x+y=0 or x=-y=-150rp.m.
.. Speed of gear B, Ny =y — x X jj:—‘** =150 + 150 x % =+ 270 r.p.m.
B

=270 r.p.m. (anticlockwise) Ans.

Speed of gear B when gear A makes 300 r.p.m. clockwise

Since the gear 4 makes 300 r.p.m.clockwise, therefore from the fourth row of the table,
x+y=-300 or x=-300—y=-300-150=-450rp.m.

. Speed of gear B,
T 36
Ng=y-—xx=2=150+450x — =+ 510 rp.m.
Ty 45
=510 r.p.m. (anticlockwise) Ans.
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Example 2. In a reverted epicyclic gear train, the arm A carries two gears Band Canda ¢
compound gear D - E. The gear B meshes with gear E and the gear C meshes with gear D. % -
The number of teeth on gears B, C and D are 75, 30 and 90 respectively. Find the speed and |\ -

direction of gear C when gear B is fixed and the arm A makes 100 r.p.m. clockwise.

Solution. Given : Ts=75; Tc=30; To=90; Na= 100 r.p.m.
(clockwise)

From the geometry of the figure, - r:——

X

ds+ d:=dc+ db

Since the number of teeth on each gear, for the same module, are
proportional to their pitch circle diameters, therefore

T+ Te= Tc+ To

Te= Tc+ To—Te=30+90 -75 =45
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Revolutions of elements

Step Conditions of motion Arm A | Compound Gear B Gear C
No. gear D-E
e Ip
1. Arm fixed-compound gear D-E 0 + 1 T T
rotated through + 1 revolution ( i.e. B ¢
1 rev. anticlockwise)
: I Ip
2. Arm fixed-compound gear D-E 0 +x — XX P —X X T
rotated through + x revolutions B c
3. Add + y revolutions to all elements Ty Ty Ty Ty
Total moti y-xxE | y_xxD
otal motion ; y —X X XX
- +3 X+ Ta Te

Since the gear B is fixed, therefore from the fourth row of the table,

y—xxT—E:(l or _v—x:x:E:{]

Iy 75
v—-06=0
Also the arm 4 makes 100 r.p.m. clockwise, therefore
v=-100

Substituting v = — 100 in equation (i), we get
—100-0.6x=0 or x=-100/0.6=-166.67
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From the fourth row of the table, speed of gear C,
90
Ne=y—-—xx b =—100 + 166.67 x — =+ 400 r.p.m.
T 30

=400 r.p.m. (anticlockwise) Ans.
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Problem 3. An epicyclic gear consists of three gears A, B and C as shown in Fig. The gear A
has 72 internal teeth and gear C has 32 external teeth. The gear B meshes with both A and
C and is carried on an arm EF which rotates about the centre of A at 18 r.p.m.. If the gear A
is fixed, determine the speed of gears B and C.

Solution. Given : Ta=72; Tc= 32 ; Speed of arm EF = 18 r.p.m.
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Speed of gear C
We know that the speed of the arm is 18 r.p.m. therefore, y = 18 r.p.m. and the gear 4 is fixed,

Revolutions of elements
Step No. Conditions of motion Arm EF | Gear C Gear B Gear A
T, T, T; T
L Arm fixed-gear C rotates through 0 +1 == Mt e
+ 1 revolution (i.e. 1 rev. Ty Is Ia Ta
anticlockwise)
e Tc
2 Arm fixed-gear C rotates through —X X — —xX X —=
2. ! 0 +x T T
+ x revolutions B A
3. Add + y revolutions to all B " ty +y
elements
T
4. Total motion +y x+y |¥Y—xX e Y —X X Ic
' ' §: T,
T,
y-xx-S=0 or 18_yx32-0
Ty

x=18x72/32=40.5
Speed of gear C =x+y=405+18
=+ 58.5 r.p.m.

= 58.5 r.p.m. in the direction
of arm. Ans.
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Speed of gear B

Letd,. dgand d_ be the pitch circle diameters of gears
A, B and C respectively. Therefore, from the geometry of Fig. 13.10,

d d
d3+?f=7‘d‘ or 2dg+d.=d,

Since the number of teeth are proportional to their pitch circle diameters, therefore

2T +T-=T, or 2T3+32=T2 or T5=20
T, 32
. Speed of gear B =y —xx—-S=18-40.5x—=-46.8 rp.m
Ty 20

= 46.8 r.p.m. in the opposite direction of arm. Ans.
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Problem 4. An epicyclic train of gears is arranged as shown in Fig. How many revolutions
does the arm, to which the pinions B and C are attached, make :

1. when A makes one revolution clockwise and D makes half a revolution anticlockwise, and e
2. when A makes one revolution clockwise and D is stationary ? The number of teeth on the

gears A and D are 40 and 90 respectively.

&

O
£
8

’

Arm

Solution. Given: TA=40; TD =90 —
First of all, let us find the number of teeth on gears B and C (i.e. TB and TC). Let __,/
dA, dB, dC and dD be the pitch circle diameters of gears A, B, Cand D -/
respectively. Therefore from the geometry of the figure,

dA+dB+dC=dDordA+2dB=dD ..(~dB=dC)

Since the number of teeth are proportional to their pitch circle diameters, e
therefore,

TA+2TB=TDor40+2TB=90

~ TB=25,and TC = 25 ..(~- TB=TC)

Dr.G.Ramesh, Asso.Prof, Dept. of Mechanical, MSAJCE



Revolutions of elements

Step Conditions of Arm | Wheel Wheel | Compound Wheel F Wheel B
Nao. motion G A E wheel C-D
T T, T3 T 17 ITrn Tp T3
1. | Arm fixed- wheel 4 0 + 1 + =2 — A E T + A D °F
rotates through + 1 Te g Ic Ic Iy ic Ir 1n
revolution (i.e. 1 rev. T, N T, I
anticlockwise T = I =—
icloc ) T T, T,
> Arm fixed-wheel 4 0 +x +x:><:T—A —:r:x:Ti +IXT—AKT—D +I><Tixr—n
rotates through + x Te Ic c Ir Ic 1p
revolutions
3. | Add + y revolutions | +¥ +y +¥ +y +y +y
to all elements
N Ty Tp Ip Iy Ip
- +xXX = | y—axX—= + XX === + AKX —
4. | Total motion +y x+y y T |- T y Te Ty y Te Ty

Dr.G.Ramesh, Asso.Prof, Dept. of Mechanical, MSAJCE




3. Speed of wheel B when arm G makes 100 r.p.m. clockwise and wheel A is fixed

Since the arm G makes 100 r.p.m. clockwise, therefore from the fourth row of the table, %4..;.00_‘.\»0"0
y=-100 ..(0)
Also, the wheel 4 is fixed, therefore from the fourth row of the table,
x+y=0 or x=—y=100 ..(70)

T, T, 64 26
Speed of wheel B =y + x x =2 x 2 = _100 + 100 X — X — = — 100 + 95.8 r.p.m.
T. Ty 28" 62

=_—4.2rp.m. =4.2r.p.m. clockwise Ans.

4. Speed of wheel B when arm G makes 100 r.p.m. clockwise and wheel A makes 10 r.p.m. counter
clockwise

Since the arm G makes 100 r.p.m. clockwise, therefore from the fourth row of the

table
y=-100 ...(fi7)
Also the wheel 4 makes 10 r.p.m. counter clockwise, therefore from the fourth row of the
table,
x+y=10 or x=10-y=10+100=110 ..(iv)
Speed of wheel B = y + xxri* X b __ 100 + 110 x 64 X 6_ 100+105.4 r.p.m.
T. Ty 28 62

=+ 5.4 r.p.m. = 5.4 r.p.m. counter clockwise Ans.
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GEAR TRAINS

51
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