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SPUR GEARS
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Line of contact (b) Toothed wheels.

21/10/2022 Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa



TYPES OF GEARS

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

a. Parallel
1.5pur Gear
2.Helical Gear
3.Rack and Pinion
b. Intersecting
Bevel Gear
c. Non-intersecting and Non-parallel
worm and worm gears
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SPUR GEAR

GEAR AXIS
{CENTERLINE)

 Teethisparallel to
axis of rotation

e Transmit power from
one shaft to another
parallel shaft

e Used in Electric
screwdriver, oscillating
sprinkler, windup alarm
clock, washing machine
and clothes dryer
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External and Internal spur Gear ...




Helical Gear

 Theteeth on helical gearsare cut at an angleto the face of the
gear

 Thisgradual engagement makes helical gears operate much more
smoothly and quietly than spur gears

e Oneinteresting thing about helical gearsisthat if the angles of the
gear teeth are correct, they can be mounted on perpendicular shafts,
adjusting the rotation angle

/M
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Herringbonegears

« Toavoid axial thrust, two
nelical gears of opposite
nand can be mounted side
0y side, to cancel resulting
thrust forces

e Herringbone gears are
mostly used on heavy
machinery.
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Rack and pinion

e Rack and pinion gears are used to convert rotation (From the
pinion) into linear motion (of the rack)

o A perfect example of thisisthe steering system on many cars

21/10/2022 Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa



Bevel Gears

* Bevel gearsare useful when the direction of a shaft'srotation needs
to be changed

* They are usually mounted on shafts that are 90 degrees apart, but can
be designed to work at other angles as well

* Theteeth on bevel gearscan be straight, spiral or hypoid

» |ocomotives, marine applications, automobiles, printing presses,
cooling towers, power plants, steel plants, railway track inspection
machines, etc.
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WORM AND WORM GEAR

 Worm gears are used when large gear reductions are needed. It is common for
worm gears to have reductions of 20:1, and even up to 300:1 or greater

* Many worm gears have an interesting property that no other gear set has: the worm
can easily turn the gear, but the gear cannot turn the worm

 Worm gears are used widely in material handling and transportation machinery,
machine tools, automobiles etc
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NOMENCLATURE OF SPUR GEARS

S0 Addendum circle
Addendum ?aGB\N Tﬂ'p land
Dedendum / Pitch surface element
e —Working depth
9 A
- Pitch circle
-3 :: __________ \ ¥ ‘a[

Circular pitch \_ : N
Total depth Tooth space J‘

Clearance Root or dedendum circle

Clearance or
working depth circle



NOMENCLATURE OF SPUR GEARS

Fillet

clearance ,4jus Dendum circle

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

Pitch circle diameter: It is the diameter of the pitch circle. The size of the
gear is usually specified by the pitch circle diameter. It 1s also known
as pitch diameter.

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

Pressure angle or angle of obliquity: It is the angle between the common
normal to two gear teeth at the point of contact and the common

tangent at the pitch point. It 1s usually denoted by ¢. The standard
pressure angles are 14 and 1/2 © and 20°.

.
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Addendum: It is the radial distance of a tooth from the pitch circle to the
top of the tooth.

Dedendum: It is 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.

Dedendum circle: It is the circle drawn through the bottom of the teeth. It

is also called root circle. Note : Root circle diameter

7
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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 P.,Mathematically,

Circular pitch, p. = ~nD/T
where D = Diameter of the pitch circle, and

I = Number of teeth on the wheel.
A little consideration will show that the two gears will mesh
together correctly, if the two wheels have the same circular pitch.

Note : If D; and D, are the diameters of the two meshing gears
having the teeth 77 and T, respectively, then for them to mesh

correctly,
)

_aD _aDy D _T

or =
1 1 D, bh

Pe
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Diametral pitch: It is the ratio of number of teeth to the pitch circle diameter

in millimetres. 1t 1s denoted by p,. Mathematically,
_r_r .. _ID
Pd = D 2, vee | pf = T
Module: It is the ratio of the pitch circle diameter in millimeters to the

number of teeth. It 1s usually denoted by m.

Mathematically, Module, m = D/T

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 1s known as clearance

circle. | . Aackrdum orse
q Addardm {-‘EF'E&' T land
Total depth: It is the radial distance et | 7 Fren suteca s
P A -Wiorking daph
between the addendum and the \\* R A - et it
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Working depth: It is the radial distance from the addendum circle to the

clearance circle. It is equal to the sum of the addendum of the two meshing
gears.

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

Tooth space: It is the width of space between the two adjacent teeth measured
along the pitch circle.

Backlash: It is the difference between the tooth space
and the tooth thickness, as measured

along the pitch circle. Theoretically, ) ~—Pih surace slenent
the backlash should be zero, but ' B O ki

. . -~ . |~ Pich glrgla
in actual practice some backlash \ = i

must be allowed to prevent
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Face of tooth: It is the surface of the gear tooth above the pitch surface.

Flank of tooth: It is the surface of the gear tooth below the pitch
surface.

Top land: It is the surface of the top of the tooth.
Face width: It is the width of the gear tooth measured parallel to its

axis.
Profile: It is the curve formed by the face
and flank of the tooth.
Fillet radius: It is the radius _ _ = Pl rtaos skment
that connects the root circle _ ; __ { w::hi

to the profile of the tooth. 1\ J

s{f‘x&‘ RN ET—;TTmh stass

N ieng bR

kN _ Clearancs of
warking depih circle
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Path of contact: It is the path traced by the point of contact of
two teeth from the beginning to the end of engagement.

Length of the path of contact: It is the length of the
common normal cut-off by the addendum circles of the

wheel and pinion.

Arc of contact: It is the path traced by a point on the pitch — ,

circle from the beginning to the end of engagement of a
given pair of teeth. The arc of contact consists of two
parts, ie.

(a) Arc of approach. It is the portion of the arc of contact
from the beginning of the engagement to the pitch point.

(b) Arc of recess: It is the portion of the arc of contact from
the pitch point to the end of the engagement of a pair of
teeth. Y

Vikas Gupta, Asstt. Prof., MED, CDLSIET,

21/10/2022

circle Dedendum
/ circle

Wheel

Base Circle

N
T q) Pitch
¥ /< Circle

- Addendum
Circles

Pitch
Circle

T

Ta
_ £— BaseCircle
Pinion



Forms of Teeth

e In actual practice following are the two types of teeth
commonly used

1. Cycloidal teeth ; and 2. Involute teeth.

Cycloidal Teeth

o A cycloid is the curve traced by a point on the circumference of a
circle which rolls without slipping on a fixed straight line.

 When a circle rolls without slipping on the outside of a fixed
circle, the curve traced by a point on the circumference of a
circle 1s known as epi-cycloid.

e On the other hand, if a circle rolls without slipping on the
inside of a fixed circle, then the curve traced by a point on
the circumference of a circle 1s called hypo-cycloid.
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Construction of cycloidal teeth for Rack

o In Fig. (a), the fixed line or pitch line of a rack is shown. When the circle
C rolls without slipping above the pitch line in the direction as indicated
in Fig, then the point P on the circle traces epi-cycloid PA. This represents
the face of the cycloidal tooth profile.

o When the circle D rolls without slipping below the pitch line, then the
point P on the circle D traces hypo-cycloid PB, which represents the flank
of the cycloidal tooth. The profile BPA is one side of the cycloidal rack

tooth.

Similarly, the two curves P' A" and
P'B' forming the opposite side of the
tooth profile are traced by the point
P'" when the circles C and D roll in the

opposite directions.
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Construction of cycloidal teeth for gear
e The cycloidal teeth of a gear may be constructed as shown in Fig.

o The circle C is rolled without slipping on the outside of the pitch circle
and the point P on the circle C traces epi-cycloid PA, which represents the
face of the cycloidal tooth.

o The circle D is rolled on the inside of pitch circle and the point P on
the circle D traces hypo-cycloid PB, which represents the flank of the
tooth profile.

The profile BPA is one side of the /
cycloidal tooth. The opposite side of \
the tooth 1s traced as explained .
above. .-
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Involute Teeth

 An involute of a circle is a plane curve generated by a point on a tangent,
which rolls on the circle without slipping as shown in Fig.

 In connection with toothed wheels, the circle is known as base circle. The,
involute is traced as follows : ' i

Let A be the starting point of the involute. The base
circle is divided into equal number of parts e.g. AP,, P P,.
P,P, etc. The tangents at P, P,, P, etc. are drawn and the
length P A, P,A,, P.A .equal tothe arcs AP ,AP,and AP, are
set off. Joining the points A, A |, A , A ; etc. we obtain the involute
curve A R. A little consideration will show that at any instant

A,, the tangent A;T to the involute is

R
perpendicular to P;A; and P A, is the T
normal to the involute. k— Rolling
In other words, normal at any point of an tangent
involute is a tangent to the base circle. B
i Base
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Comparison Between Involute and Cycloidal Gears

e In actual practice, the involute gears are more commonly used as
compared to cycloidal gears, due to the following advantages :

Advantages of involute gears

« The most important advantage of the involute gears i1s that the
centre distance for a pair of involute gears can be varied within
limits without changing the velocity ratio. This 1s not true for
cycloidal gears which requires exact centre distance to be
maintained.

 In involute gears, the pressure angle, from the start of the
engagement of teeth to the end of the engagement, remains
constant. It 1s necessary for smooth running and less wear of
gears. But in cycloidal gears, the pressure angle 1s maximum at the
beginning of engagement, reduces to zero at pitch point, starts
decreasing and again becomes maximum at the end of
engagement. This results 1n less smooth running of gears.
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e The face and flank of involute teeth are generated by
a single curve where as in cycloidal gears, double
curves (i.e. epi-cycloid and hypo-cycloid) are required for
the face and flank respectively. Thus the involute teeth
are easy to manufacture than cycloidal teeth. In
involute system, the basic rack has straight teeth and
the same can be cut with simple tools.

o Note : The only disadvantage of the involute teeth is
that the interference occurs with pinions having smaller
number of teeth. This may be avoided by altering the
heights of addendum and dedendum of the mating teeth or
the angle of obliquity of the teeth.

Vikas Gupta, Asstt. Prof., MED, CDLSIET,
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Advantages of cycloidal gears
Following are the advantages of cycloidal gears :

« Since the cycloidal teeth have wider flanks, therefore the
cycloidal gears are stronger than the involute gears, for the
same pitch.

e In cycloidal gears, the contact takes place between a convex flank
and concave surface, whereas in involute gears, the convex
surfaces are 1in contact. This condition results in less wear in
cycloidal gears as compared to involute gears. However the
difference 1n wear 1s negligible.

 In cycloidal gears, the interference does not occur at all.
Though there are advantages of cycloidal gears but they are
outweighed by the greater simplicity and flexibility of the
involute gears.

Vikas Gupta, Asstt. Prof., MED, CDLSIET,
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Condition for Constant Velocity Ratio of Toothed
Wheels-Law of Gearing

» Statement :

» The law of gearing states the condition which
must be fulfilled by the gear tooth profiles to
maintain a constant velocity ratio between
two gears.

» The condition is that “ For constant velocity
ratio of the two gears, the common normal
at the point of contact the two mating teeth
must pass through the pitch point.
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Condition for Constant Velocity Ratio of Toothed Wheels—Law of Gearing

Let the two teeth come in contact at point Q,
and the wheel rotates in the direction as shown

in fig. /0,
2 | P, s
Let, TT = common tangent e
MN= common normal Ex"
Now, from the centers O;and O,, draw O:;Mand T, % [ [\
O,N perpendicular to MN. Vol %.g%
A little consideration will show that the point H“mh \ P ||I {_-f. o f -
Q moves in the direction QC, when considered . — 5-15:1?3{.-_-‘;-"-- J,.I;F
. . . . L A ol Bt AN
as a point on the wheel 1, and in the direction .- M~ L}_ﬁ,{_- ' ~.‘f D
QD, when considered as a point on the wheel / ,; ) p2 N
Let v 1 and v ; be the velocities of the point Q on \ ,'53—1| My
the wheels 1 and 2. If the velocities along the Y
common normal MN must be equal. S {]
.1
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Condition for Constant Velocity Ratio of Toothed Wheels—Law of Gearing
Therefore, from fig.,

..V COSa =V, COS/fs .-“f 0, 3\
| Mo
(01x0,Q)cosa =(w,x0,Q)cosp :; r_): i
f _ &
(0,x0,Q) L2 = (@, %O Q)O N T U
W, X - Y : Y
171 WpxY2 ! [N
e 020 VR e
"-._ FJ || :'-. _.-:'” --__.-'.h - e
@1 _ 92N S AN AN
Q o.M A Y L *
2 1 | N o
\ gl M
. T
Assimilar 1O4MP and D O,NP, m]ﬁa—il N
a)l OzN OzP "“'-,__‘-_H- .-__.'I
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Condition for Constant Velocity Ratio of Toothed Wheels—Law of Gearing

From above, we see that the angular velocity
ratio is inversely proportional to the ratio of the

two surfaces at the point of contact Q intersects [0
. : . . 2| hod
the line of centers at point P which divides the A i
centre distance inversely as the ratio of angular r_f'
velocities. [
T 5 IFfb |
*Therefore in order to have constant angular o R ‘f;;'f:tl.. K
velocity ratio for all positions of the wheels, the ™. \| P III | .;'""’F N ?
point P must be the fixed point for the two ___;;.'.-"--5*;:;7_1"315[-"41;fﬁf
_.-"-l.l!-_ '-'Fu, 7 IL.____ _
wheels. /NS TS g Vo H_ﬂ[}
W E 1 % I i .ll
r ol N
*In other words, the common normal at the \__ | I\,

point of contact between a pair of teeth must 1 “r
always pass through the pitch point. N

|t is known as law of gearing.
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VELOCITY OF SLIDING

If the curved surfaces of the two teeth of the gears 1 and 2 are to
remain in contact, one can have a sliding motion relative to the other
along the common tangent t-t at C or D.
Component of v,along ¢- = v, sin
Component of v, along ¢-t= v, sin
Relative motion along n —n

=v,sina—v, sinf

- wAcES _ o.ppFD
= mAC AC @,BD 2D .. _.
= 0,EC - @,FD AC and v, =w,BD
= @,(EP + PC)- @,(FP - PD)
= @ EP + w,PC - m{ng -;ilPC e - BP FP
and D are the coinciding points =
= (@ + 0,)PC + ,EP - w,FP AP EP
= (@, + W,)PC (0EP=wFfP,— @ _BF_BP FP
= sum of angular velocities X distance between the pitch w, AE AP EP

point and the point of contact
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AT

LENGTH OF PATH OF CONTACT

eel Base Circle i
Pitch FJ Base circle
Circle ! | E ;F’ltch circle
OB
_ Alddf:ndum | h.. ) B ;} Addendur
Circles E{: _fJI_ IE?NF circles
/ "rﬁ' K| %
T Pitch ; i \
Circle \ i *"'

Finion -7 fEﬂEE Pitch circle

circle

o Base Circle
Pinion

SIS,
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/| ﬁ Wheel
| Base circle
\ ;Pnch circle

Addendum
circles
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*MN is the common normal at the point
of contact and the common tangent to
the base circles.

*The point K is the intersection of the - 0,
addendum circle of the wheel and the A
. . ||\ Wheel
common tangent. The point L is the / PJ
I
I
|

~Base circle

addendum circle of pinion and common Ry |
o \ ;F’itch circle

tangent.

.
[Tl

o T N=3Y
*Thus, the length of path of contact is KL "’ G]f fLi :;-:_ﬂf_’jiﬁ?jﬁg‘:’”m
which is the sum of the part of the path -4/ j<F
of contact KP and PL. The part of the Tok i
path of contact KP is known as path of M F -
approach and the part of the path of o i 4 / Baso Pitch circle

contact PL is known as path of recess. O



Let,
r, = O,L = Radius of addeendum
circle of pinion,
R ,= O,K = Radius of addeendum
circle of whedl,
r = O,P = Radius of pitch circle
of pinion,
R =0, p=Radiusof pitch circle
of whedl,
From the fig. radius of the base circle of pini
O,M =0O,Pcos¢ =r cos¢
and radius of the base circle of whed,
O,N = O,Pcos¢ = Rcosg

21/10/2022 Vikas Gupta, Asstt. Prof.,, MED, CDLSIET, Sirsa
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Now from right angled triangle O, KN,

KN =\/(02K )2—(02N )2 =\/(RA)2+(RCOS¢)2

and PN=02Psin¢:Rsin¢

. The path of approach,

Base circle
Rt ;F’itch circle

3/ LT AN Addendum
Similarly from right angled triangles OlM L, e T *"% dirclas
2 2 2 > N
ML=J(0yL)2~(0yM)2 =[(rp)2 ~(rcosp)? /-7 1\ ¥
N . _ . I Mﬂ:‘._"'"f.
MP_OlPsmgb_r sin ¢
AN
Pitch cir
~.The path of recess, iﬁi‘;e ch circle

PL:ML—MP:\/(rA)Z—(r cos¢5)2 —rsing

-.Length of the path of contact,

KL = KP + PL = \/(RA)Z—(Rcos¢)2 + \/(rA)Z—(rcos¢)2 —(R+r)sing
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LENGTH OF ARC OF CONTACT

» The arc of contact is the path

traced by a point on the pitch | F;
ircle f he beginni f R, | Base circle

circle from the beginning of to SR i E Pitch circle

the end of engagement of a X i [0\ g

given pair of teeth. r 93 1.{_ Jl, LN {{\1 Addendum
o G{_F.Jﬂ}m\ - circles
A — == N

P The arc of contact is GPH, where /-7 \\ K | [ H =z
GP is arc of approach and PH is " ¢! gt NG
arc of recess. F'lnmnf*—“l—f-ﬁ - fE;} —
'F- circle

I{'j1
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Weknow that, . 0
length of arc of contect(arc GP) L\ v Wnee
_lengthof path of gpproech _ KP 4 fb"'-
A | Base circle
COS¢ COS¢ || R‘ gFutch circle
ad length of arc of recesyarc PH) E * E | i L.-'-.’i'- .,\1
_lenghd path o recess_ AL A~ O fﬁﬁ?ﬂﬁ?“”m
— = o0ss /TR
Thadoae lexthof acof contat
KP PL KL ] Base™ Pitch circle
sy 0059 aosg b ok
_lengthof path of contect
aosp
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NUMBER OF PAIRS OF TEETH IN CONTACT (CONTACT RATIO)

e The arc of contact is the length of the pitch circle traversed by a
point on it during the mating of a pair of teeth.

e Thus, all the teeth lying in between the arc of contact will be
meshing with the teeth on the other wheel.

Therefore, the number of teeth in contact =

Arcof contact  path of contact o 1
Circular pitch COS¢ P.

Where P_.= nD/T

 As the ratio of the arc of contact to the circular pitch is also the
contact ratio, the number of teeth is also expressed in terms of
contact ratio.

e For continuous transmission of motion, at least one tooth of one
wheel must be in contact with another tooth of the second wheel.

e Therefore, n must be greater than unity.

Vikas Gupta, Asstt. Prof., MED, CDLSIET,
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Each of two gears in a mesh has 48 teeth and a module of 8 mm. The
teeth are of 20° involute profile. The arc of contact is 2.25 times the
circular pitch. Determine the addendum.

Solution @=20°%¢=T=48;, m=8 mm;

mT _ 8x48
2 2

Arc of contact = 2.25 x Circular pitch =2.257m p, = ©D/T
=2.257x 8 =156.55 mm

Path of contact = 56.55 x ¢cos 20°=53.14 mm
or (JRE — R* cos® @ — Rsing)

R=r= =192 mm; R, =r,

2 2

+ ( rf—r cos” P —rsmip)=2353.14

of  2(yR*-192% cos® 20° —1925in 20°)
=53.14 or R,=202.6 mm

Addendum =R_- R =202.6-192=10.6 mm

Vikas Gupta, Asstt. Prof., MED, CDLSIET,
Sirsa
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A pinion having 30 teeth drives a gear having 80 teeth. The profile of
the gears is involute with 20° pressure angle, 12 mm module and 10

mm addendum. Find the length of path of contact, arc of contact and
the contact ratio.

Solution. Given : t =30 ;7 =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 =130 mm
and pitch circle radius of gear,

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

ry, =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 = \(R,)* - R? cos?¢ — R sin

21/10/2022 = \/(490)2 - (480)2 cos? 20° — 480 sin 20° =191.5-1642=27.3 mm



A pinion having 30 teeth drives a gear having 80 teeth. The profile of the gears is
involute with 20° pressure angle, 12 mm module and 10 mm addendum. Find the
length of path of contact, arc of contact and the contact ratio.

and length of the path of recess,

PL= J{rﬁ}“ — r* cos* — r sind

=/ (190)* - (180)* cos® 20° — 180 sin 20° = 86.6 — 61.6 = 25 mm
We know that length of path of contact,

KL=KP+PL=27T3+25=323mm 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,
cos @ cos 20°
Contact ratio
We know that circular pitch,
p.=Tm="nx12=377 mm
Contact ratio = Length of arc of contact _ 35.66 _ 15

21/10/2022 Pr 37.77 45



Two involute gears in mesh have 20° pressure angle. The gear ratio is 3
and the number of teeth on the pinion is 24. The teeth have a module of
6 mm. The pitch line velocity is 1.5 m/s and the addendum equal to one
module. Determine the angle of action of the pinion (the angle turned by
the pinion when one pair of teeth is in the mesh) and the maximum

velocity of sliding.
Solution @=20°¢=24; m=6 mm;

T=24x3=172
mi 6x24
2 2
R=T72X3=216mm; r,=72+6=78 mm ;
R, =216+6=222 mm

T2 mm;

Path of contact = [JRE — R* cos’ —Rsing)

+ (Jrf —r* cos® ¢ —rsing)

= (2222 - 216 cos? 20° - 2165in 20°)
+ (4782 — 722 cos? 20° — 725in 20°)

=16.04 + 14.18 = 30.22 mm
21/10/2022

Path of contact _ 30.22
cosp  cos20°

Arc of contact =

= 32.16 mm
Arc of contact  32.16

r 72

= 0.4467 rad = 0.4467 x 180/7=25.59°
Velocity of sliding = ( @, + mg) x Path of approach
4

=X + 1) x Path of approach

a R

Angle of action =

(1500 N 1500
. 72 216

] % 16.04 = 445.6 mm/s
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Two involute gears in a mesh have a module of 8 mm and a pressure
angle of 20°. The larger gear has 57 while the pinion has 23 teeth. If the
addenda on pinion and gear wheels are equal to one module, find the (i)
contact ratio (ii) angle of action of the pinion and the gear wheel (iii)
ratio of the sliding to rolling velocity at the (a) beginning of contact (b)
pitch point (c) end of contact

_Arc of contact [ Path of -:untact]

Solution @=20° T=57; t=23;m=8mm; | @ "~ Circularpitch \  cos ¢
addendum = m = 8§ mm
mT  8x%57 « 1 Path of approach + Path of recess
R= > = = 228 mm; Tm coS @ X Tm
R,=R+m=228+8 =236 mm Jﬂﬁ—ﬂlcnszm—Rsinq:
_mf_3K23_92mm+ B +Jrﬂ1-r2cn52qﬂ—rsinq:-
22 ? - COS (P X M
r,=r+m=92+8=100mm
\/{236}2 — (2287 cos® 20° —228sin 20°
+f(100)% — (92)? cos? 20° —925in 20°
cos20' T x 8
_ 209741879 _ o ap | _ L6s
cos 20°x wx 8 ax8

47
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Two involute gears in a mesh have a module of 8 mm and a pressure angle of 20°. The
larger gear has 57 while the pinion has 23 teeth. If the addenda on pinion and gear
wheels are equal to one module, find the (i) contact ratio (ii) angle of action of the
pinion and the gear wheel (iii) ratio of the sliding to rolling velocity at the (a)
beginning of contact (b) pitch point (c) end of contact
Arc of contact 4231
r Y (b) Sliding velocity _ (@, +a,)x0 _
Rolling velocity  Pitch line velocity

(i} Angle of action, §,=

=0.46 rad or 0.46 x 180/xr = 26.3°

Arc of contact  42.31 e .
8,= = =0.1856 rad c Sliding velocity
R 228 Rolling velocity
or 0.1856 x 180/ = 10.63° [,;,_.,.F ; Emp) « Path of recess
37
Sliding veloci - @, X F
(i) (=) Rn]lini ve]ﬂci? ’
Y (]+§]:~: 18.79
_ (@, +@,) x Path of approach _ 57 ' - 0287
~ Pitch line velocity (= @, Xr) 92
[mp + gmp) x 20.97
= =0.32
@, x92 -

£
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Two 20° gears have a module pitch of 4 mm. The number of teeth on
gears 1 and 2 are 40 and 24 respectively. If the gear 2 rotates at 600
rom, determine the velocity of sliding when the contact is at the lip of
the tooth of gear 2. Take addendum equal to one module. Also, find the

maximum velocity of sliding.

7. 2 :
Solution 1 is the gear wheel and 2 is the pinion. Path of recess = J"a —(rcosg)” —rsing
] Q. — . —] . e . —
@ =20° T=40; NP 600 mm; ¢ =24; m =4 mm _ J(SE)Z — (48 cos Eﬂn)z — 48sin 20°
Addendum = 1 module =4 mm _
=9.458 mm
Velocity of sliding = (@, + m,) X Path of
T 4x40
rR=11 2 =80 mm; R, =80+ 4 =84 mm Lt recess
2 2
=271 (N, +N.) X 9.458
mt  4x24 _ _ _ pg
r= = = 48 mm; Fﬂ_48+4_52mm —2H(ﬁﬂﬂ+3ﬁﬂ}h’9+453
2 2 o = 57 049 mm/min
N, =N, X+ =600x2 =360 rpm = 950.8 mm/s
g Por 40

Let pinion (gear 2) be the driver. The tip of
the driving wheel is in contact with a
tooth of the driven wheel at the end of
engagement. Thus, it is required to find
the path of recess which is obtained from

the dimensions of the driving wheel.
Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa 49
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(ii) In case the gear wheel is the driver, the tip of the pinion will be in contact with the
flank of a tooth of the gear wheel at the beginning of contact. Thus, it is required to
find the distance of the point of contact from the pitch point, i.e.. path of approach.
The path of approach is found from the dimensions of the driven wheel which is again
pinion.

Thus, path of approach = Jrj —(rcos@)” —rsin@

=9.458mm, same as before and velocity of sliding = 950.8 mm/s

Thus, it is immaterial whether the driver is the gear wheel or the pinion, the velocity of
sliding is the same when the contact is at the tip of the pinion. The maximum
velocity of sliding will depend upon the larger path considering any of the wheels to
be the driver. Consider pinion to be the driver. Path of recess = 9.458 mm

Path of approach EJRE—{R cos @)’ — Rsing@

= J{ﬂalf — (80 cos 20°) — 80 sin 20°
=10.117 mm
This is also the path of recess if the wheel becomes the driver.
Maximum velocity of sliding
= {mp + mg} * Maximum path
=27 (600 + 360) x 10.117
= 61024 mm/min

=1017.1 mm/s 21/10/2022 Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa 50




Intarfarance in Invanhiide C(Caarve

Fig. shows a pinion with centre O1, in mesh with wheel or gear with centre O2.
MN is the common tangent to the base circles and KL is the path of contact

between the two mating teeth.

A little consideration will show,
that if the radius of the
addendum circle of pinion is
increased to O ; N, the point of
contact L will move from L to N.

When this radius is further
increased, the point of contact L
will be on the inside of base
circle of wheel and not on the
involute profile of tooth on
wheel.

O,

Base circle
Fitch circle

Actual add. circle

Max. addendum circle

Actual add., circle

Pitch circle

The tip of tooth on the pinion will then undercut the tooth on the wheel at the root
and remove part of the involute profile of tooth on the wheel. This effect is known
as interference, and occurs when the teeth are being cut.

In brief, the phenomenon when the tip of tooth undercuts the root on its mating

gear is known as interference.



e Similarly, if the radius of the addendum circle of the wheel increases beyond O2M,
then the tip of tooth on wheel will cause interference with the tooth on pinion. The

points M and N are called 0,
interference points. /;; Ba&;igﬁgch
Obviously, interference may be wheel A

avoided if the path of contact does ot— ACtual 2dd. circle

not extend beyond interference
points. The limiting value of the
radius of the addendum circle of the
pinion is O1N and of the wheel is
O2M.

ax. addendum circle

Actual add. clrde

Pitch circle

* From the above discussion, we
conclude that the interference may
only be avoided, if the point of contact between the two teeth is always on the
involute profiles of both the teeth. In other words, interference may only be prevented,
if the addendum circles of the two mating gears cut the common tangent to the base
circles between the points of tangency.

 When interference is just avoided, the maximum length of path of contact is MN
when the maximum addendum circles for pinion and wheel pass through the points of

taneencv N and M respectivelv as shown in Fig.



Beginning of
engagement

End of engagement
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End of engagement

Beginning of
engagement
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Methods of elimination of Gear tooth Interference

In certain spur designs if interference exists, it can be
overcome by:

1.

-l T

Removing the cross hatched tooth tips i.e., using stub
teeth.

Increasing the number of teeth on the mating pinion.
Increasing the pressure angle

Tooth profile modification or profile shifting
Increasing the centre distance.



MINIMUM No. OF TEETH ON THE PINION TO AVOID INTERFERENCE :

°[n order to avoid .
interference, the addendum

circle for the two mating gears " Th
must cut the common tangent Ra [ | Base circle
g KA E gF’I’[Ch circle
to the base circles between S E -
the point of tangency. B IT%{* sé\l Addendum
P/ dicies
*The limiting condition ’ A T
tjn [ M o
reaches, when the addendum ]
! FAon #—q]_w"‘i fE;; Pitch circle

of pinion and wheel pass "?:: R irde
though point M and N.

21/10/2022 Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa 56



Let,
t = No. of teeth on the pinion,
T = No. of teeth on the whed!,
m = Module of the teeth,

Base circle
r = Pitch circleradius of pinion = mt/2 R‘ gF’itch circle

G = Gear ratio = 1/ = 5/ BN A
t = /r VAL AT
_ NP R ) y-Addendum
¢ = Pressure angle. M/ i
From JO,NP, / .'iH:":"': .'

O,N? = O,P? + PN? — 20Px PN cos(O,NP)
=r*+(Rsing)® +2rRsin’ ¢
[ : 2 P2
) 1+(RS|r21¢) , 2Rsin ﬂ
r r

"u

Y .

\ \
WA

Pinion = r,q f Base " Pitch circle

circle

=r* 1+B(E+2)sin2¢}
rir
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.. O,N

r 1+5(5+ 2j5|n ¢_m_t 1+T—(T—+ stin2¢
rur 2 t Ut

Addendum of pinion, where A, is afraction by which
the standard addendum of 1 module for the pinion should
be multiplied in order to avoid interference.

Let A.m

Addendum of pinion = O,P - O,P

g AF,m:m—t 1+T—(T—+ stin ¢——t
2 t Ut 2

mt 1+T—(T—+2)sin2¢)—1 N
2 t \t AP

Base circle

E ;Fltt}h circle

>
3
I

Addendum
t T (T .
A= —| 1+ —| —+ 2 |sin?¢p -1
b 2{\/ t(t j @ } Gl: circles
o 2A,
{\/1+ Tt_[Tt_Jr 2)5in2¢)—1}

f Base Pitch circle
circle

2A,
[\/1+ G (G + 2)sin®¢g —1}
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Two 20° involute spur gears mesh externally and give a velocity ratio of
3. Module is 3 mm and the addendum is equal to 1.1 module. If the
pinion rotates at 120 rpm, determine (i) the minimum number of teeth
on each wheel to avoid interference (ii) the number of pairs of teeth in

contact.

Solution o= 20° N, =120 rpm
FR=3 Addendum=1.1 m
m=3mm qa,=1.1

2a,

(@) T= .
J1+-é—(~é—+2)sin1¢?-l

2x1.1

Ty~
I+—(-—+2Jsin220"-1
33

Taking the higher whole number divisible by
the velocity ratio,

1e., 7T=15I il

t=—=1

A

and

21/10/2022 Vikas Gupta, Asstt. Prof., MED, CDLSIET, Sirsa

(1)) Contact ratio or number of pairs of teeth in
contact,
_ Arc of contact

" Circular pitch
_ Path of contact « ]
cos @

n

m
or

JRE — R*cos’ ¢ — Rsing

+\frj — % cos® @ —-rsing

f

COS @ X 7Im
We have, R = sz _ 351 265 mm
R,=R+1.1m=76.5+1.1x3=79.8 mm
=mr=3xl7=25‘5mm
2 2

r,=255+1.1x3=288mm



Two 20° involute spur gears mesh externally and give a velocity ratio of
3. Module is 3 mm and the addendum is equal to 1.1 module. If the
pinion rotates at 120 rpm, determine (i) the minimum number of teeth
on each wheel to avoid interference (ii) the number of pairs of teeth in
contact.

J(79.8)% ~ (76.5c0520°) —76.5sin 20°

| +4/(28.8)% — (25.5¢c0520°) —25.55in20°
cos20° X x3

_ 34.646—26.165+15.977-8.720
- cos20°x T x3

=1.78

Thus, 1 pair of teeth will always remain in contact whereas for 78%
of the time, 2 pairs of teeth will be in contact.
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Two 20° involute spur gears have a module of 10 mm. The addendum is
equal to one module. The larger gear has 40 teeth while the pinion has
20 teeth. Will the gear interfere with the pinion?

Solution

el Tadl), mal0mm, 1=20
Addendum = | s = 10 mm

mT 10x40 '
R= T = 200 mm
£, =200 + 1{ = 210 mm

me _10=20
r=—4=—% = 100 mm

r,= 100+ 10= 110 mm
Let pinion be the driver (Refer Fig.10.24}),

Path of approach, P = JRE -{Rcos@) - Rsing

= {(210) - (200 x cos 20°° — 200 sin 20°

= 25.3 mm
To avoid interference, maximum length of the path of approach can be PE,
PE = r sin @ = 100 sin 20° = 34.2 mm
Since the actual path of approach s within the maximum limit, no interference
OCCUrs,
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A pair of spur gears with involute teeth is to give a gear ratio of 4: 1. The
arc of approach is not to be less than the circular pitch and smaller
wheel is the driver. The angle of pressure is 14.5°. Find : 1. the least

number of teeth that can be used on each wheel, and 2. the addendum
of the wheel in terms of the circular pitch.

Solution. Given: G =T/t=R/r = 4;$=14.5°

1. Least number of teeth on each wheel

We know that the maximum length of the arc of approach

_ Maximum length of the path of approach  r sin¢

cos cos
2Rr

{
Since the arc of approach is not to be less than the circular pitch, therefore

=r tan ¢

circular pitch, p.=Tm=

2nr 2n 2n
rtanp =—— or t=

t tan ¢ " tan 14.5°
T =Gt =4x%x25=100Ans.
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A pair of spur gears with involute teeth is to give a gear ratio of 4: 1. The
arc of approach is not to be less than the circular pitch and smaller
wheel is the driver. The angle of pressure is 14.5°. Find : 1. the least

number of teeth that can be used on each wheel, and 2. the addendum
of the wheel in terms of the circular pitch.

2. Addendum of the wheel
We know that addendum of the wheel

_mly o, (! in? ¢ —
== [JI+T(F+2)SIH i) 1}

1
_ mx1%0 1+25 25+2 sin®14.5° — 1
2 100 | 100

=30mx0017=083m=085X p./n=027p,
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Two 20° involute spur gears have a module of 10 mm. The addendum is one module.
The larger gear has 50 teeth and the pinion has 13 teeth. Does interference occur? If it
occurs, to what value should the pressure angle be changed to eliminate interference?

Solution ¢ =20 T=50; m= 10 mm; ¢t = 13;
Addendum =1 m = 10 mm
mT  10x350

R = 5 = 250 mm;
R,=250+10= 260 mm
r=mf= 1ﬂx13=65mm

2 2

Maximum addendum radius can also be found
using the relation

F[t .3
R =R |1+—| —+2 |51n
o IMEAX J T(T )] ';D

13( 1 .
= 250 l+—3(—3+2)5m2¢=258,45 mm
501 50

The actual addendum radius R, is more than the
maximum value R, . and therefore, interference

OCCUTS,

21/10/2022

The new value of @ can be found by taking
R equal to R,

a4 max
260 = J{ZS[I cos ¢)* + (315sin @)’

1.£.,
or  (260)° = (250)* cos’p+ (315)* (1—<cos’p)
= (250)% cos’@ + (315)% - (315) cos’e
2 _ 2
or  cos’ o = (315)" —(260) = (.861

(315)* —(250)°
cos ¢ =0.928 or o=21.88° or 21°52’
Thus, if the pressure angle is increased to 21°52,
the interference is avoided.
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The following data relateto two meshing involute gears: Number of teeth on the
gear wheel = 60 ; pressure angle = 20° ; Gear ratio = 1.5; Speed of the gear wheel =
100 rom; Module = 8 mm; The addendum on each wheel is such that the path of
approach and the path of recess on each side are 40% of the maximum possible length
each. Determine the addendum for the pinion and the gear and the length of the arc of
contact.

Solution R="L _8%X60 10 mm:
2 Addendum of the wheel = 248.3 — 240 = 8.3 mm
mT 8% (60/1.5) Also, 0.4R sing = Jrj —(recos@)’ —rsing
F= = =160 mm

2 2
Refer Fig. 10.24 and let the pinion be the driver.

Maximum possible length of path of approach =
¥ sin o
Actual length of path of approach = 0.4 x rsin ¢
Similarly, actual length of path of recess = 0.4
Rsm ¢
Thus, we have

04rsing = JR;:' —(Rcos@)’ - Rsing

0.4x160 sin 20° = \/R2 — (240 cos 20°)
— 2405in 20°

R? 50862 =10809.8

R: =61671.8

R =7248%3mm 21/10/2022
a .

0.4 % 240 sin 20° = \Jr — (160 cos 20°)°
—160sin 20°

or 2 —22605=7666

2
or r2=30271
or r. =174 mm

Addendum of the pinion= 174 — 160 = 14 mm
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A pinion of 20° involute teeth rotating at 275 rom meshes with a gear and provides a
gear ratio of 1.8. The number of teeth on the pinion is 20 and the module is 8 mm. If
the interference is just avoided, determine (i) the addenda on the wheel and the pinion
(ii) the path of contact, and (iii) the maximum velocity of sliding on both sides of the

pitch point.

Solution ¢@=20% VR=138;m=8 mm, =20,

G=18, T=20x18=36; N= 275 rpm

- ml = 8% 36 =144mm;r=E=3ﬂ mm
2 2 1.8

Maximum addendum of the wheel,

1{1 .
Qromax = R[\’lnLE[EwLE)smz l;ﬂ'—'l]
]. 1 . 2 0
=144 1+ —| —+2 [sin” 20" —1
1.8\ 1.8

=144 (1.08—-1)=11.5mm
Maximum addendum of the pinion,

. =r[J1+G(G+2]sin3qo—l}

= 80 [Jl +1.8(1.8+2)sin? 20° — 1} = 27.34mm
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Path of contact when the interference is just
avolded
= maximum length of path of approach +
maximum length of path of recess
=y sin @+ R sin ¢ = 80 sin 20° + 144 sin 20°
=27.36+49.24 =76.6 mm

2w 275
P n

= 28.8rad/s; @, = % = 16 rad/s

Velocity of sliding on one side = (@, + @,) % Path
of approach

=(28.8+16) x27.36 = 1226 mm/s or 1.226 m/s

Velocity of sliding on other side = (@, + @) X
Path of recess

=(28.8 + 16) x 49.24 = 2206 mm/s or 2.206 m/s
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