SPUR GEARS

Gears are toothed wheels used to transmit mechanical energy accurately, in the form of rotational
movement from one member to another.

Classification of gears : The gears may be classified as follows :

1. According to the relative position of the axes of the shaft on which the gears are
mounted :

. Parallel axes Intersecting axes Non-intersecting and
non-parallel axes
1. Spurgear 1. Bevel gears 1. Crossed helical gear
2. Helical gear a) Straight bevel 2. Worm gear
3. Doublehelical gear b) Spiral bevel 3. Hypoid gear
¢) Zerol bevel
2. According to the type of gearing :
a) External
b) Internal

In external gearing, the gears mesh externally with each other and they rotate in opposite direction.
In internal gearing, the gears mesh internally with each other and they rotate in the same direction.

3. According to the peripheral velocity of the gears :
a) Low velocity gears (V' <3 m/s)
b) Medium velocity gears (3 < ¥ <15 m/s)
c) High velocity gears (V> 15 m/s)
4. According to the position of teeth on the gear surface :
a) Straight
b) Inclined
¢) Curved
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Advantages and disadvantages of gear drives

Advantages :
1. Itisapositive drive and is used to connect closely spaced shafts.
2. High efficiency, compactness, reliable service, more life, simple operation and low
maintenance,
3. It can transmit heavier loads than other drives and can be used where precise timing is
desired.
Disadvantages :
1. Not suitable for large center distances because the drive becomes bulky.
2. High production cost.
3. Due to errors and inaccuracies in their manufacture, the drive become noisy.

Law of gearing

When the tooth profiles are designed so as to produce a constant angular velocity ratio
during meshing they are said to have conjugate action. One of the tooth profile which gives the
conjugate action is the involute profile.
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Fig. 6.1

When one curve surface pushes against another, the point of contact occurs where the two
surfaces are tangent to each other at C as in fig. 6.1 and the forces at any instant are directed
along the common normal AB to the two curves. The line AB, representing the direction of action
of the forces. is called line of action. The line of action (pressure line) will intersect the line of
centers O, O, at point P known as pitch point. Pure rolling exist at pitch point. Circles drawn
through point P from each center are called pitch circles.
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Let O, D and O, E be perpendiculars to the common normal. Triangles O,PD and O,PE
are similar.

o oD O,p - h B @,

The velocity ratio can only be constant if the common normal AB passes through P. The law
of gearing states that in order to transmit motion at constant angular velocity ratio, the
pitch point must remain fixed, that is, all the lines of action for every instantaneous point
of contact must pass through the same point P

Velocity of sliding : The velocity of sliding is equal to the product of the sum of angular velocities
and the distance from the point of contact to the point of intersection of the common normal and
the line joining the centers of rotation.

Thus velocity of sliding = (@, + @,) x CP
Gear tooth profiles
The commonly used forms of teeth which satisfy the law of gearing are the following :
(1) Involute and (2) Cycloid.
Involute : Aninvolute may be defined as the locus of a point on a straight line which rolls
without slipping, on the circumference of a circle. An involute is generated by the end of a string
being unwound from a cylinder or by a point on a line as the line rolls on the circumference of a

circle without slipping. The characteristic of an involute is that any normal to an involute is tangent
to the base circle from which the involute is generated.

Properties of involute tooth profile :
1. A normal to an involute is a tangent to the base circle.
2. When involutes are in mesh, then the pressure angle remain constant.

3. The involute is the only tooth form which is insensitive to the center distance of its base
circle.

The shape of the involute profile depends only on the dimension of the base circle.
The radius of curvature of an involute is equal to the length of tangent to the base circle.
Basic rack forinvolute tooth profile has straight line form.

The common tangent to the base circles of the two involutes is the line of action and also the
path of contact between the involutes.

8. When two involutes are in mesh, then they transmit constant angular velocity ratio and it is
inversely proportional to the radius of base circles.

9. Manufacturing is easy due to single curvature.

NSk
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10. Involute gears in mesh give conjugate action.
11. Suitable for motion and power transmission.
Cycloid
A cycloid is the locus of a point on the circumference of acircle which rolls, without slipping,

along a straight line. The faces of the teeth are epicycloid generated on the pitch circles and the
flanks are hypocycloids generated inside the pitch circles.

Comparison between involute and cycloidal tooth forms

Feature Involute Cycloidal
Basis form Constant for all gears Variable depending
. upon the gear ratio

Strength Less Good strength

Angular velocity at Constant Variable

varying center distance

Tooth contact Line beddingona Generally area
concave face with a convex face

Pressure angleata Constant Variable

given center distance :

Path of contact Straight line Curve

Standardization of Easy Difficult

tooth form

Economy of tooling Good Poor

equipment

Interference May exist accordingly No interference

Wear More Less

Manufacturing Easy Difficult

Spur gear

This the simplest form of gears for transmitting motion between two parallel shafts. The
teeth are straight and paralle] with the direction of rotation.

Spur gear terminology (Refer fig. 6.2)

Pitch circle : The pitch circle is a theoretical circle upon which all calculations are usually based.
The pitch circles of a pair of mating gears are tangent to each other.

Pitch diameter : The pitch diameter d is the diameter of the pitch circle.

Circular pitch : Circular pitch p is the distance, measured on the pitch circle from a point on
one tooth to a corresponding point on an adjacent tooth. Thus the circular pitch is equal to the
sum of the tooth thickness and the width of space.
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where d = Pitchcircle diameter

z = Number of teeth.

Tooth thickness : 1t is the thickness of tooth measured along the pitch circle. For standard gear,
without back lash,

Tooth thickness t=

™ |y

Width of tooth space : 1t is the width of the space between tooth measured along the pitch
circle.

Gear and pinion : A gear is the larger of the two mating toothed wheels and the smaller of the
two is the pinion.

Rack : Arackis a portion of a gear of infinite radius.

Angular velocity ratio : The angular velocity ratio for a pair of spur gear is inversely proportional
to their pitch circle radii or their number of teeth.

e O _h_3
@, hoooz
where o, = Angular velocity of the driver (usually pinion)

o, = Angular velocity of the follower (gear)
r, = Pitch circle radius of the driver

r, = Pitch circle radius of the follower

z, = Number of teeth on the driver

z, = Number of teeth on the follower
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Center distance : The center distance c is the distance from center to center for two mating
gears.

Le., c=rtr,

where r, and r, are the pitch circle radii of the mating gears.
Module : The module m expressed in millimeters is the ratio of the pitch diameter d to the
number of teeth z.

] d
i.e., Module m = —z"

R

Diametrical pitch : The diametral pitch P is the ratio of the number of teeth on the gear to the
pitch diameter. It is the reciprocal of the module.

The relationship between the circular pitch and the diametrical pitchis Pxp=rx
Top land : 1t is the surface bounded by the sides of the gear and active profiles.

Bottom land (Root land) : 1t is the surface bounded by fillets of the adjacent teeth and sides of
the gear blank.

Face of the tooth : 1t is the part of the tooth surface lying above the pitch surface.
Flank of the tooth : 1t is the part of the tooth surface lying below the pitch surface.
Addendum : The addendum a is the radial distance between the top land and pitch surface.

Dedendum : The dedendum b is the radial distance from the bottom land to the pitch circle.
The Whole depth : 1t is the sum of the addendum and dedendum.

The Working depth : It is the depth of engagement of a pair of gears, that is, the sum of the
addendums.

Addendum circle : It is a circle bounding the top of the teeth.
Dedendum circle : 1t is a circle passing through the roots of all the teeth.
Clearance circle : 1t is a circle that is tangent to the addendum circle of mating gears.

Base circle : It is an imaginary circle used in involute gearing to generate the involutes that form
the tooth profiles.

Basecircleradius r, = rcos ¢
where r = pitch circle radius
¢ = pressure angle

Base pitch p, : 1t is the distance measured along the base circle from a point on one tooth to the
corresponding point on an adjacent tooth.

P, = p cos §
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Clearance : The clearance is the amount by which the dedendum in a given gear exceeds the
addendum of its mating gear.

Backlash : 1t is the amount by which the width of a tooth space exceeds the thickness of the
engaging tooth measured on the pitch circle.

Pressure angle ¢: It is the angle which the common normal to two teeth at the point of contact
makes with the common tangent to the two pitch circles at the pitch point.

Base circle _
Pressure line

e

\\\ "\ Pressure angle ¢
X . Pitch line

Pitch circle
~

SN Pitch circle

Line of centers

Base circle

Fig. 6.3

The line normal to the surface of the teeth at the contact point is termed the pressure line or
line of contact. The line tangent to the pitch circles is termed the pitch line. Therefore, the pressure
angle is measured between the pitch line and the pressure line as illustrated in fig. 6.3.

Pitch Circle A — — f- ) -— Pitch Circle

Base Circle

Base Circle

(a} 14'2° Pressure angle 1) 20° pressure angle

Fig. 6.4
Gears are manufactured ina wide range of press = angle. Most gears are standardized at
14'2° and 20° pressure angle. The pressure angle afi. .is the relative shape of a gear tooth as
shown in fig. 6.4.
Initial point of contact : Fig. 6.5 shows two matting t - th at three intervals of the engagement
process. The point of initial contact is at the intersectior: « r'the driven gear's addendum circle with
the pressure line. i.e., point Aof fig. 6.5.
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Fig. 6.5

Final point of contact : The point of final contact occurs at the intersection of the driver gear's
addendum circle with the pressure line. i.e., point B of fig. 6.5.

Path of contact : It is a curve traced out by the point of contact of two teeth from the beginning
to the end of engagement. i.c., line AB of fig. 6.5.

Arc of contact : Arc of contact is the arc on the pitch circle through which a tooth profile moves
from the begining to the end of contact with a mating profile. The arc of the pitch circle through
which a tooth profile moves from its begining of contact until the point of contact arrives at the
pitch point is called the arc of approach (arc ap). The arc of the pitch circle through which a
tooth profile moves from contact at pitch point until the contact ends is called the arc of recess
{arc pb). The sum of these two arc length is equal to the arc of contact i.e., arc ab.
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Arcofcontact  ab = arc of approach ap + arc of recess pb

Path of contact AB
cos ¢

Contact ratio : It is a number which indicates the average number of pairs of teeth in contact. It
is equal to the length of the path of contact divided by the base pitch or the ratio of arc of contact
to circular pitch.

Path of contact  Path of contact  Arc of contact
Base pitch pcosg " Circular pitch

Contactratio =

Length of arc of contact

Referring to fig. 6.6 the addendum circles cut the common tangent CD at the points A and
B. In other words, contact of the tooth begins at A (where the addendum of driven gear 2
intersects pressure line) and ends at points B (where the addendum of driver gear 1 intersects
the pressure line).
Let O,P = Pitchcircle radius of pinion (dirver)=r,
O,P = Pitch circle radius of gear (follower) =,
0,C = Base circle radius of pinion = T,
0,D = Base circle radius of gear = iy
0O,B = Addendum circle radius of pinion = Yo,
0,A = Addendum circle radius of gear= e,
AP = Path of approach= 4
PB = Pathofrecess=R

01 .
- ) Driven gear 2
r, T
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Pitch circie ’ /
Addendum circle p /

D
; ,‘% <<—— Pitch line
Pressure line [y \
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Pitch circle —«/ 0 r i

H
Base circle 0O / Driving
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Path ofcontact AB = AP+PB=4+R ... ¢}
From the fig. 6.6.
Pathofapproach A4 = AP=AD-PD .. (2)
From triangle O, PD,

PD = Q,Psing=r,sin¢g .. (3)
and 0,D =r,=0,Pcos ¢g=r,cos ¢ |
From triangle O, AD,

AD? = 0,A’-0,D*=r2-ricos’ ¢
LAD = rai —rf cos’¢ 4)
Substituting the value of AD and PD in equation (2), we get

Pathofapproach 4 = (r-rjcos’¢ —r,sing .. (5)

Similar, path of recessR=PB=BC-PC ... (6)
From triangle O,PC

PC = O,Psing=r,sin¢g .. (7)
and 0,C=r, =0,Pcosg=r cos ¢

From triangle O, BC,
BC? = 0,B*-0,C* =7/ —r{cos’ ¢

~BC = |ri-rlcoss¢ (8)

Substituting the values of BC and PC in equation (6), we get

Path of recess R = \r,—r cos’¢ —r sing )

Substituting the values of 4 and R in equation (1), we get

Path of contact = J ra—r;cos’ ¢ + \/ re—ricos’$ —(r;trysing ..(10)

If the diameters of the driver and driven gears are same, then equation (10) becomes

Pathofcontact = 2 \/r? ~r*cos’ ¢ —2rsing e (11)

where Tay=Tay = Tap and r,=r,=r
The values of path of approach 4 and the path of recess R, are valid only for the conditions.
A <r/sing and

R <r,sing
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because the contact cannot begin before the point C or end after the point D.
i.e., the maximum path of approach A= r,sin ¢
The maximum path of recess R =r, sin ¢
arc MN
cos¢

Since the involutes GM and HN may be generated by rolling the tangent CD on the base circle,
arc MN = path of contact AB

.. Equation (12) becomes
path of contact
cos¢

In this chapter, suffix 1 represents the pinion and suffix 2 represents the gear, irrespective of
whether it is a driver or a follower. In most of the applications, the pinion will be the driver. In
case the gear wheel is the driver, the formula for the path of approach and path of recess have to
be interchanged.

Arcofcontact = arc GH=

Arc of contact =

Interference

The contact of portions of tooth profiles which are not conjugate is called interference.
Consider the driver gear 1 turns clockwise as shown in fig. 6.7. The initial and final points of
contact are designated A and B respectively, and are located on the pressure line. The points of
tangency of the pressure line with the base circle C and D are located inside of points A and B.
Interference is present. The interference is explained as follows. Contact begins where the tipof
the driven tooth contacts the flank ofthe driving tooth. In this case the flank of the driving tooth

Driven gear 2 0.
A2

/’
This pertion of .
K profie is not Base c¥rcle
an involute /
i N s -
Pressure Line —J I D= .
ur - 4‘3.:5;,— —‘% <> Addendum circle
T
- AL
i L
. .~ This portion of profile
/ Base is not an involute
/’ | circle \
Interference is on flank i \ @,
of driver during
approach O, Driving gear 1

Fig. 6.7
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first makes contact with the driven tooth at point A, and this occurs before the involute portion of
the driving tooth comes within range. The actual effect is that the involute tip or face of the driven
gear tends to dig out the non-involute flank of the driver. Same effect occurs again as the teeth
leave contact. Contact should end at point D or before. Since it does not end unti! point B, the
effect is for the tip of the driving tooth to dig out or interfere with the flank of the driven tooth.

Methods of avoiding interference and its effect
Interference between the tips of the gear teeth and the flanks of the pinion teeth may be
avoided by one of the following methods.
1. Under cutting : Under cutting the flanks of the pinion teeth leads to a weakening of the
tooth and complication of manufacture.
2. Increasing the center distance : The correct tooth action is maintained but the pressure
angle is increased, leading to higher tooth pressures and increased backlash.

3. By tooth correction (modifying the gear and pinion addenda) : The pressure angle,center
distance and base circles remain unaltered but thickness of gear tooth at the pitch circle
becomes greater than p/2 and that of the pinion becomes less than p/2.

Minimum number of teeth required to avoid interference

A pinion 1 turns counter-clockwise and drives a gear as shown in fig. 6.8. The common
tangent to the base circle is CD. The points C and D are called interference points, and if the path
of contact does not extend beyond either of these points, interference is avoided. The limiting
value of the radius of the addendum circle of the pinion is O, C and the gear is O, D. To
determine whether there will be interference when two gears are in mesh, each addendum circle
radius is compared with its limiting value. The interference is more likely to occur on the pinion
than on the gear, and in this case, the critical radius is O, D which limits the number of teeth on
pinion.

202
Wheel 2 (follower)

Base circle )

Pitch circle —,

\- ! D /

=<

\

O,  Pinion | (driver)
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C

Pressure line /
Pitch circle
Base circle

Fig. 6.8
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Let O, P = Pitchcircle radius of pinion =r,
O, P = Pitch circle radius of gear=r,
0, D = Base circle radius of gear = rs,
0, C = Addendum circle radius of gear = oy
From the right angle-triangle O, C D,
0,C? = 0,D*+CD?*=0,D*+(CP+P D)
= 0,D?+(0, Psin ¢+ O, P sin ¢)
ie., rai = ri,+(r, sin g+r, sin gy
=(r,cos g +(r, + r,)? sin’ ¢ (" ry, = r, cos @)
= rjcos’ g+ risin® g+risin g+2r r,sin’ ¢
= r3 (cos? g+sin? gy + risin® g+ 2 r, 1, sin? ¢
=ri+risin? ¢+2r 1,sin’ ¢

. Maximum addendum circle radius of the gear to avoid interference is

Fay = it 47} sin’ g+ 2r 1, sin’ ¢ eeee (1)

Minimum number of teeth :
Weknowthat  r2 = r}+risin’ ¢+2r, r,sin’ ¢

2
o 2r, .
=r | 1+--sin® g+ “Lsin’ ¢]

| » £
=r? 1+ L gin? ¢(fl—+ ZH ...... )
| 5 g
R B -1
Gearratioi = noor 3z
.. Equation (2) becomes
p2o=p2 [1+ sm.‘ ¢(~1—+2)]
a3 2 i i
or Tey T2 (3)

Addendum of geara, = a, m = Fay = T2
where g, is called addendum coefficient for the gear.

. 2 h
Say=agm =r, [“’sm. ¢(1_+2H -

I I
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.. Number of teeth on gear to avoid interference is

2a,
z, = ——t— (4)
J1+in_—‘é[f+2)-1
i \i
Z
Number of teeth on pinion z, = “;2* e (5)

If the number of teeth on pinion z, is the same as the number of teeth on gear z,, then the
gear ratio i is equal to one.
.. Equation (4) becomes
2a,

z, = z,= . 6)
T Jl+3sin’g -1

Involute pinion and rack

Fig.6.9 shows a pinion driving a rack. Rack is merely a spur gear, the radius of whose pitch
circle has become infinite. The sides of involute teeth on a rack are straight lines making an angle
to the line of centers equal to the pressure angle.

Rack _./ Base pith
b

Fig. 6.9



Spur Gears . 219

Length of path of contact for rack on pinion

Referring to fig. 6.10, and assuming the pinion to be the driver, the addendum of the rack
cuts the pressure line at point A and the addendum circle of pinion cuts the pressure line at point
B.i.e., contact of tooth begins at A and ends at B. The pitch circle of the pinion and the pitch line
of the rack are tangent to each other at P.

.. Pathof contact AB = Path of approach AP+ Path of recessPB ... (1)
[4)
Path of approach 4 =AP = sing | S (2)

where a is the addeudum of the rack.
Path of recess R=PB=BC-PC - e (3)

Base circle of pinion

/~ Pitch circle
/ /—— Addendum circle
e l a (Addendum of rack)
- . e s —}- Pitch line of rack

¢

| Pressure line

Fig. 6.10
From triangle O, PC,
PC = Q,Psing=rsing . 4)
and (C=r,=0,Pcosd=rcos ¢
From triangle O, BC,
BC? =0,B?-0, C?

ie,BC? =r’-ricos’g¢ . 5)

Substitute the values of PC and BC in equation (3), we get

PathofrecessR= fr’ —r’cosg —rsing . (6)

Substituting the values of 4 and R in equation (1), we get
a

Path of contact = fr’ —#* cos’ ¢ —rsin g+ sing e Q)
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Minimum number of teeth for pinion on rack
Referring fig. 6.11
Let a = g, m=Addendum of rack =CN
where a, is the addendum coefficient of the rack.
From triangles, PCN and O, PC

CN = PCsin gand PC=0, Psin ¢
.. CN = O, Psin? g=rsin? g=a .. (1)

mz
but O, P = pitch circle radius of pinion r = >

Base circle

/ h Pitch circle
/' /& Addendum circle
e A

ddendum line for rack

a

Pitch line for rack

-~— Common tangent

Fig. 6.11
zm
- CN = Y sin® g=a, m
o 2a,
Number of teeth on pinion z = sintg e (2)

Internal gear

Fig. 6.12 shows an internal or annular involute gear and pinion which has the advantage of
reducing the required center distance for a given speed ratio as compared with a pair of spur
gears. Internal gears will have greater length of contact, greater tooth strength and lower relative
sliding between meshing teeth than external gears. In an internal gear the tooth profiles are concave
instead of convex. The addendum of the annular is limited by the tangent point of the pinion's
base circle and the pressure line, whereas the addendum of the pinion is unlimited except by the
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Internal gear
Dedendum circle

Pitch circle

&
/A’;endum circle

Fig. 6.12

teeth becoming pointed. If the ratio of the number of teeth in the pinion to the number of teeth in
the annular exceed a certain limit, a type of interference known as fouling will occur between the
teeth after they have ceased contact along the path of contact.

Example 6.1

A3 mm module, 20° pinion, of 18 teeth drives a 45-tooth gear. Calculate the pitch radii, base
radii, tooth thickness on the pitch circle.

Data: _
m =3 mm, ¢=20° z, = 18 teeth, z, = 45 teeth
Solution :

. . . . . mz,  3x18

Pitch circle radius of pinion r, = S T3 =27 mm

. . . mz, 3x45
Pitchcircleradiusof gear r, = 5 Ty =67.5mm

Base circle radius of pinion Ty, = Fy COS ¢

= 27 c0s20=25.37 mm
Base circle radius of gear Ty, = FycO8 @

= 67.5c0s20=63.43 mm

Circular pitch p=am=xax3=9425 mm
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Example 6.2

Determine the module of a pair of gears whose center distance is 58 mm. The gears have 18 and
40 teeth respectively. Also determine the pitch circle radii and circular pitch of the gears.

Data ;
¢ =58 mm, z, = 18 teeth, z, = 40 teeth
Solution :

. . mz, mz, m ooz
Centredistance ¢ EntnE ot E g (z,tzy) TrE
) m
ie., 58 = 5 X (18 +40)

.. Module m = 2mm
. . . .. mz, 2x18

Pitch circle radius of pinion r, = S T, < 8§ mm
. . . mz, 2x40

Pitch circle radius of gear 7, = 5 =75 =40mm

Circular pitch p=rnm=7xx2=628 mm

Example 6.3
A 20° involute spur gear running at 800 rpm drives another gear at a speed of 400 rpm. The
center distance between the two gears is 600 mm and the module is 10 mm per tooth.
Determine the following:
Pitch circle radius of pinion
Pitch circle radius of gear
Number of teeth on pinion
Number of teeth on gear
Base circle radius of pinion
Base circle radius of gear
Circular pitch

8. Tooth thickness on pitch circle for no backlash
Data :

¢=20°, n, = 800 rpm, n, = 400 rpm, ¢ = 600 mm, m = 10 mm

NSO RN -

Solution :

. . n r z,
Velocityratioi = — = <% = —=
ng 4 z,
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_ . 800
ie., I = ﬁ—
1 h
h
or ry = 2r
Center distance C=rtr=r+2r,=3r,
ie., 600 = 3r,

~. Pitch circle radius of pinion r, =200 mm
Pitchcircleradiusof gear  r, = 27, =2 x 200 =400 mm

Number of teeth on pinionz, = w10 " 40 teeth

Numberofteethongear  z, = iz, =2 x 40 = 80 teeth
Base circle radius of pinion r,, = r, cos ¢= 200 x cos 20 = 187.94 mm
r, cos ¢=400 x cos 20 = 375.88 mm

]

Base circle radius of gear r,,

Circularpitchp = zm = z2x 10=31.42 mm
: N p 4
‘Tooth thickness on pitch circler = P 15.71 mm

Example 6.4

Two gear wheels have respectively 28 and 45 teeth and a standard addendum of one module.
The pressure angle is 20° and the module is 6mm. Find

a) Contact ratio (number of pairs in contact).
b) Angle turned by the pinion and the gear when one pair is in contact.
¢) 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 (1i1) is at the pitch
point,
Data :
zy=28teethz,=45teeth.a, =a,= 1, §=20°, m=6 mm

Solution :

. . . . mz, 6x28
Pitchcircle radius of pinion ~ r, = S T, T 84 mm
. . mz, 6x45
Pitch circle radius of gear ry = "= =—"—=135mm
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Addendum a=a=a,=axm=1x6=6mm
Addendum circle radius of pinionr, =r, +a,=84+6=90mm
Addendum circle radius of gearr, =r, +a,= 135+ 6=141 mm
Circular pitch p = zm=6 xmm

Path of approach A = r2~-rlcos’$ —r,sing

= J131° —135 cos? 20 — 1355in20=15.37 mm

~rlcos’¢ —r sing

Path of recess R= raf

= Jo0? —84? cos? 20 — 84 sin 20 =14.51 mm

Path of contact = path of approach 4 + path of recess R
= 15.37 +14.51 =29.88 mm
Pathof contact
(a) Contact raio (number of pairs of teeth in contact) =
pcosg
2988
T 6rxcos20 1.69

(b) Angle tumned by pinion = Contact ratio x Angle subtended at the center by one tooth pitch

360
= 1.69 x —5 =21.73°

28
- 360
Similarly, angle turned by gear = 1.69 x a5 - 13.52°
(c) Pitchline velocity of pinion = @, r;= @, r,
= o, x84 =84 o

(i) When the tip of a large wheel is just making contact, the distance from the point of
contact to the pitch point is the path of approach.

.. Velocityof sliding = (@, + @,) x path of approach

1+22
= @, o | % path of approach

1

Z,
@, (1+z_-] x path of approach { @2 E‘—}

1 @, I

H
I

28
. Velocity of sliding a),(l'*'—] x 15.37 =24.93 o,

45

Velocity of sliding 2493w,

Pitchlinevelocity ~ 84w, =0.297
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(if) When the tip of larger wheel is just leaving contact, the distance from the point of
contact to the pitch point is the path of recess.

Zz
Velocity of sliding = ), (1 + 2_1) x path of recess

2

28
o {1772 x1451=2354

Velocityof sliding 2354w,
Pitchline velocity ~ 84 w,

=0.28

(1i1) At the pitch point there is no sliding,

Velocity of sliding 0
Pitchline velocity 84w,

=0

Example 6.5
Two gears in mesh have amodule of 8 mm and a pressure angle of 20°. The gear has 57 teeth
while the pinion has 23 teeth. If the addendum on pinion and gear are equal to one module, find
(i) Number of pairs of teeth in contact, and (ii) Angle of action of pinion and gear
(VTU, July 2002)
Data:
m =8 mm, $=20°,z, =57 teeth, z; =23 teeth, @, =a,= | m=8 mm

Solution:

i i i .. mzy 8x23

Pitch circle radius of pinion 7, = 5 T 5 ~9%2mm
. . . mz, 8§x57

Pitch circle radius of gear r, = S STy < 228 mm

Addendum circle radius of pinion Ta =r1 1@, =92+8=100mm
Addendum circle radius of gear ro, =Tyt a,=228+8=236 mm
Length of path of contact

= Jrl -rcos’g + Jrji ~rlcos’ ¢ —(r, +r,) sin ¢

[45)

= V2367 —228% cos? 20+ 1007 — 922 cos® 20 — (92 +228) sin 20
39.7733 mm

I

Path of contact  Path of contact
pcosg  mmcosg

Number of pairs of teeth in contact =
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_0m3
T 8rxcos20

Path of contact 39,7733

cos¢ cos20
360

2rr

Length of arc of contact = =42.326 mm

Angle of action of pinion = Arc of contact x

= 42.326 x =26.36°

22 %92

Angle ofactionof gear = Arc of contact x
2rr

= 42.326 x _300 10.636°
' 27x228

Example 6.6
Two spur wheels of equal diameter has 30 teeth each of involute shape. The circular pitchis 25
mm, and the pressure angle is 20°. Determine the addendum of the wheels, if the arc of contact
is twice the circular pitch.
Data :
z=2z,=2z,=30teeth, p =25 mm, ¢=20°,d=d, =4,
Solution :
Arcofcontact = 2 x p
= 2x25=50mm
Path of contact = Arc of contact x cos ¢
= 50 x cos 20 =46.985 mm

p 25
Module m = — = — mm
T 7
. . . mz 25 30
Pitch circle radius of gear r = EX ) =119.37 mm

Jrl—ricos’ ¢ + \rl —rlcos’ g —(r,+r)sing
= 2Jr2~rtcos' ¢ —2rsing (or,=rp=r,andr =r,=r)

ie,46985 =2 ,1!‘“2 —11937 cos* 20—-2 x 119.37 sin 20

.. Addendum circle radius r,= 129.3 mm
Addenduma = r,—r=1293-119.37=9.93 mm

Path of contact
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Example 6.7

The following data refer to two mating involute gear of 20° pressure angle. Number of teeth on
pinion =20, Gear ratio =2, Speed of the pinion = 250 rpm, Module = 12 mm. If the addendum
on each wheel is such that the path of approach and the path of recess on each side are half the
maximum permissible length. Find the maximum velocity of sliding during approach and recess

and the length of arc of contact. (VTU, July 2003)
Data: 7
¢=20°, z, =20 teeth, i=2, n, =250 rpm, m =12 mm
Solution:
Number of teeth on gear z,=ix z, =2 x 20 =40
. . . L mz,  12x20
Pitch circle radius of pinion r, = T T T 20mm
. . . mz, 12x40
Pitch circle radius of gear r, = - 240 mm

Maximum permissible path of approach =7, sin ¢
nsing  120xsin20

Required path of approach = 5 > =20.5212 mm
Also path of approach = \fr2 —r} cos® ¢ —r,sin ¢
ie, 20.5212 = \Jr} —240° cos’ 20 ~240'sin 20

~. Addendum circle radius of gear r, =247.77 mm

—r,=247.77-240=7.77 mm

Maximum permissible path of recess =, sin ¢

nsing  240xsin20
2 2

Also, path of recess = \fr.} —r’ cos’ ¢ —r, sin ¢

i.e., 41.0424 = fr —120° cos’ 20 — 120 x sin 20

Addendum of geara, = r

L)

Required path of recess = =41.0424 mm

.. Addendum circle radius of pinion Yo, = 139.476 mm
Addendumof pinion a, = ro, =1 = 139.476 - 120 =19.476 mm

2rn, 27 x250

Angular velocity of pinion @, = R 26.18rad/s
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60 i 2
Maximum velocity of sliding during approach == (@, + @) x Path of approach
= (26.18 +13.09) x 20.5212 = 805.868 mm/s
Maximum velocity of sliding during recess = (@, + @,) x Path of recess
= (26.18 + 13.09) x 41.0424 = 1611.735 mm/s

Example 6.8

Two spur wheels of equal diameter has 48 teeth each of involute shape. The pitch circle radius is
96mm, and the addendum is 4.25 mm. Calculate the length of action and contact ratio if the
pressure angle is 20°. (VTU, Feb. 2003)

Data :
z=z,=z,=48tecth,r =r, =r, = 96 mm, a =4.25 mm, ¢ =20°

Solution :

Module m=—=—=——=4mm

Addendum circle radius r,=r+a=96+4.25=100.25 mm

Path of contact = \/rﬂzz —rlcos’g + \/"jl —rlcos’ ¢ —(r,+r,)sin ¢

= 2y —rlcost ¢ =2rsing (ory=r,=r andr,=r,=r)

= 2J100_252 — 962 cos® 20 —2 % 96sin20=21.788 mm
Eth of contact B Path of contact

Contactratio = Deoss 7 cosp (-p=nm)
21788 1 845
x4 cos20
Example 6.9

Two equal 5 mm module, 20° involute gears mesh together such that the addendum circle of each
gear passes through the interference point of the other. If the contact ratio is 1.622, calculate the
number of teeth and the outside radius on each gear.
Data:
d=d,=d,, m=35mm, ¢=20° contact ratio = 1.622
Solution:
Path of contact

T mcosg

Contactratio =
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Path of contact
T x 5% cos20
Length of path of contact=23.94 mm
Maximum path of contact to avoid interference = (r, +r,) sin ¢=2rsing (.. r, = ry=r)
ie., 23.94 = 2rsin20
Pitch circle radius of the gear r =35 mm

ie., 1.622 =

d 2r 2x35
Number ofteethongear z= — = — = —— =
m 5
For equal diameter gears, path of contact =2 \/r? —? cos? ¢ —2r sin ¢
ie, 23.94 =2 [r? 35 cos’ 20 ~2 x 35 5in 20
. Addendum circle radius r, =40.68 mm
Example 6.10
Two spur gear wheels have 24 and 30 teeth and a standard addendum of 1module. The pressure
angie is 20°. Calculate the path of contact and arc of contact. (VTU, March, 2001)
Data :
z, =24 teeth, z,=30teeth, a=1m, ¢=20°
Solution :
. . . . mz, mx24
Pitch circle radius of pinion r, = - 2 mmm
) . . mz, mx30
Pitch circle radius of gear r, = S T, T 5 mmm

Addendum circle radius of pinion r,;=r,+a,=12m+m=13mmm
Addendum circle radius of gear r,=r,+a,=15m+m=16 m mm

Pathofcontact = \Jr2 —rlcos? ¢ + i3 —rl cos’ ¢ —(r, +ry)sin ¢

J(16m)? —(15m)* cos” 20 + +/(13m)? — (12m)* cos® 20
—(12m + 15m) sin 20 =4.805m mm '

Path of contact 4.805m
Arc of contact = = =5113m
cos ¢ co0s20 .

Example 6.11

For two involute gears in mesh, with pinion as the driver, the arc of approach is not less than 1.1
times the circular pitch. If the pressure angle is 20° and the velocity ratio is 2.5, find
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a) The least number of teeth on each gear, if interference is just avoided and
b) Addendum of the gear in terms of circular pitch.
Data :
$=20°i=2.5, Arcofapproach=1.1p
Solution :
Length of path of approach 4 = Arc of approach x cos ¢
=1.1lpxcos20=1034p .. (1)
For interference is just avoided.
Path of approach 4 = r,sin ¢
=rssin20 . 2)
Equating the equations (1) and (2) we get,
1.034p = r,sin20

or p = 0.3308 r,
.. 7d 2mr
Number of teeth on pinionz, = —— ==~
p P
= 27N 1899 - 19 teeth
03308, 0 0 F

Number of teeth on gear z, =i x z,
= 2.5x 19=475 teeth
which is not admissible.
Therefore take teeth z;= 20
ooz, = ixz,=2.5x20=50teeth
Pitch circle radius of the gear

_mn_p o5 ._.mzﬁ]
2T T a2 ( 7
px50
= =7.96
2r P

Also, path of approach 4 = 1/rﬂ§ —r; cos” ¢ —r,sing=1.034p
ie., |Jr,2 (796 p)’ cos' 20 ~7.96p x 5in20=1.034p

-. Addendum circle radius of gear Fay 8.37 pmm
Addenduma, = Tay ™2™ 837p-796p=041 pmm
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Example 6.12

Two spur gear of equal diameter, each with 25 teeth of involute form and a pressure angle of 20°
are required to give an arc of contact equal to 1.6 times the circular pitch. Find the addendum
required in terms of the circular pitch.

Data :
d =d,=d, z,=z,=z=25teeth, = 20°
Arc of contact= 1.6 p

Solution :
. ) . mz p 25 . y2
Pitch circle radius r=—="=x—-"=398 pmm Sm=—
2 T 2 T
Length of path of contact = Arc of contact x cos ¢
= 1.6 px cos 20 =1.5035 p mm
Also, path of contact = \/rui —-ricos’ g + \/rf  ~r’cos’ ¢ —(r,+r))sin g

=2 ,rrrz —f"z COSZ¢ —2rSin¢('_‘ ra|=r02=l’a,f’1=r‘2:r)

e, 1.5035p =2 [’ ~(398p) cos’20 ~2 x 3.98 p x sin 20

- Addendum circleradius r, = 4.3 p
Addenduma =r,~r=43p-398 p=0.32 p mm

Example 6.13

For two involute gears in mesh, with pinion as the driver, the arc of approach is not less than 4
times the module. If the pressure angle is 20° and the velocity ratio is 2.5, find i) Least number
of teeth on each gear if interference is just avoided and ii) Addendum on the gear interms of
module. (VTU, July-2004)

Data:
Arc of approach =4 m, ¢=20°, i=2.5
Solution:
Length of path of approach 4 = Arc of approach x cos ¢
=4mxcos20=3788m . (1
For interference just avoided,
Path of approach=r, sin ¢=r sin20 | (2)
Equating the equations (1) and (2), we get
r,sin20 = 3.7588 m
-~ Pitchcircleradius of pinion r, =10.9899m, (3)



232

Kinematics of Machines

. d 2r,  2x109899m
Number of teeth on pinion z, = e m e m =21.9798 ~22

Number of teeth on gear z,=ixz =2.5x22=55

Also, path of approach 4 = ,/;-fz - rf cos? ¢ —7,y8in ¢=3.7588 m

ie, r}—(27.5m)’ cos’20 —27.5m sin20=3.7588 m

.. Addendum circle radius of gear r_, =29 m
Addendum a,=r,-r,=29m-27.5m=15m

Example 6.14

Two 20° involute spur gears have a module of 10 mm and addendum of one module. The
number of teeth on pinion is 13 and on the gear is 52. Does interference occur? If it occurs, to
what value should the pressure angle be changed to eliminate the interference?

Data :

¢$=20°,m=10mm, a= 1 m,z, =13 teeth, z, = 52 teeth

Solution :

. . . . mz, 10x13
Pitch circle radius of pinion r, = S T =65 mm
o ) mz, 10x32
Pitch circle radius of gear r, = ECEE =260 mm
Addendum a=1m=1x10=10mm

Addendum circle radius of gear r,, =r, +a=260+10=270 mm
Maximum addendum circle radius of the gear to avoid interferences is

(a2 dmax = \/r; +7 sin® ¢+ 2, 1, sin” ¢

= /2607 +65 sin® 20+2 x 65 x 260 x sin’ 20

= 268.42 mm
Since the actual value of Yy is greater than (raz)mx, there will be interference. The pressure

angle to avoid interference is

270 = /260 +65% sin’ §+2 x 65x 260 x sin’ ¢
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Squaring both sides we get,
270% = 2607 + sin? ¢ (65% + 2 x 65 x 260)
. Pressureangle ¢ = 21.92¢

Example 6.15
A 14% ° involute pinion with 20 teeth drives a 50 teeth gear. The pitch circle diameter of the
pinion is 160 mm. Find the addenda of the pinion and gear, and the contact ratio without
interference.
Data :

¢=1412", 2, =20 teeth, z, = 50 teeth, d, = 160 mm
Solution :

Pitch circle diameter of pinion d, = mz,

ie., 160 = m x 20

.. Module m = §mm

Pitch circle radius of gear r, =

Maximum addendum circle radius of gear to avoid interference is,

— . s 2
Tay = Jr2 +r2sin ¢+ 2r. r, sin® ¢

= /200 + 807 sin> 14.5+2 x 80 x 200sin’ 14.5
= 205.93 mm

. Addendumofgear  a, =r, —7,=205.93-200=5.93 mm

Similarly, the maximum addendum circle radius of pinion to avoid interference is.

Fay = VR +rlsin® g+ 2r 1, sin®

= /807 +2007 sin’ 14.5+2 x 80 x 200sin’ 4.5

= 104.47 mm
- Addendumofpinion a, = r, —r, = 104.47 - 80 =24.47 mm

4

Maximum path of contact to avoid interference is
= (r, +r,) sin ¢=(80 + 200) sin 14.5=70.106 mm
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Pathof contact _ Pathof contact

Contactratio
peosg T mcosg

006
T rx8xcoslds )

Example 6.16

The following data refers to the two mating involute gears of 20° pressure angle.

Number of teeth on pinion =30

Gearratio=2

Module = 12 mm

Speed of pinion = 600 rpm

The line of contact on each side of the pitch point is half the maximum possible length. Find the

height of addendum for each gear wheel and the length of arc of contact. Also find the maximum
velocity of sliding during approach and recess.

Data :

¢=20°z,=30teeth, i =2, m= 12 mm, n, =600
Solution :

Number of teeth on gear z, = i x z, =2 x 30 = 60 teeth

When the interference is just avoided, contact of tooth begins at C and ends at points D as
shown in fig. 6.13 (Pinion is the driver).

Maximum path of approach 4 =CP =r, sin ¢
Maximum pathrecess R =PD =r,sin ¢

) 7, sing
By data, the required path of approach 4 = >
180 % sin20

= — =3078mm .. (1

. F, sing

and required path of recess = BN

360sin20

= see— =41 .56mm . (2)

2
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Driven gear 2

Base circle

Pitch circle —e,
Addendum circle

Pressure line
Pitch circle ——/

Base circle Driving gear |
OI
Fig. 6.13
Also, thepath ofapproach = fr?, —r/cos’ ¢ —r,sing . (3)
andthepathofrecess = \fr} —rlcos’¢ —r;sing L. )

Equating (1) and (3) we get,

rl,—r cos’ ¢ —rysin g = 30.78

a

i.c., |r2, ~3607 cos> 20 ~360 sin 20 = 30.78

Jr2, — 11443968 = 153.9
Squaring both sides, we get
r,;—114439.68 = 23685.2
~. Addendum circle radius of gear roy=371.65mm
Addendum of geara, = r, —r,
= 371.65-360=11.65mm
Similarly equating (2) and (4) we get,

Jr2, ~180% cos? 20 — 180 sin 20 = 61.56

{8

.. Addendum circle radius of pinion r,, = 209.21 mm
Addendumof pinion a,=r [~ =20921-180=29.21 mm

a
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Path of contact = Path of approach 4 +Path of recess R
30.78 +61.56 =92.34 mm

Il

Pathof contact  92.34

Arc of contact = cos T 020 - 98.27 mm
. . 2zn 2ax600
Angular velocity of pinion @, = T 62.8rad/s
_ w, 628
Angular velocity of gear @,= — = R 31.4rad/s

Maximum velocity of sliding during approach
= (w, + @,) x path of approach
= (62.8+31.4) % 30.78=2899.5mm /s
Maximum velocity of sliding during recess = (@, + @,) x path of recess
- =(6.28 + 31.4) x 61.5=5799 mm/s

Example 6.17
The following data relate to two meshing involute gears. Number of teeth on gear = 60, Pressure
angle = 20°, Gear ratio = 1.5, Speed of the driver (gear) = 100 rpm, 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 posstble length each. Determine the addendum for the pinion and gear
and the length of arc of contact.
Data:

z, =60 teeth, ¢=120°, i=1.5, n,=100rpm, m=£ mm

Path of approach = 40% maximum possible path of approach = 0.4 x r, sin ¢

Path of recess = 40% of maximum possible path of recess = 0.4 x r, sin ¢

Solution:
o z 60
Number of teeth on pinion z,= — = T 40
. . . . mz;  8x40
Pitch circle radius of pinion r,= N -—2—“ =160 mm
) . ) mz, 8x60
Pitch circle radius of gear r, = T, T 240 mm
Required path of approach = 0.4 x r, sin ¢ (- Gearisthedriver)

= 0.4 x 240 sin 20=32.834 mm
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Also, path of approach= /72 — 2 cos? ¢ ~r, sin ¢

i€, fr2 —160% cos? 20 — 160 sin 20 =32.834

. Addendum circle radius of pinion 7, = 173.99 mm

Addendum of pinion &, =r,, —r,=173.99-160 = 13.99 mm

Similarly, required path of recess = 0.4 x r, sin ¢ (- Gearis the driver)
= (1.4 x160sin20=21.889 mm

Path of recess = /2 — rf cos’ ¢ —r,sin g

i€, \Jr —240% cos’ 20 — 240 sin 20 = 21.889

~. Addendum circle radius of gear r_,=248.34 mm
Addendum of gear a,=r,—r,=248.34 - 240 =8.34 mm

Path of contact = path of apprach + path of recess
= 32.834 +21.889 = 54.723 mm

Path of contact 54723
cosg " c0s20

Arc of contact = = 58235 mm

Example 6.18

A pair of gears have 14 and 16 teeth and the module is 12.5 mm. The addendum is 12.5 mm and
the pressure angle 14.5°. Show that the gears have interference. Determine the addenda of gears
to avoid interference. Find the length of path of contact for the new addenda.

Data:
z,=l4teeth, z,= 16 teeth. m = 12.5mm, a,=a,=12.5mm, ¢=14.5°
Solution:

. . . . mz, 125x14

Pitch circle radius of pinion r, = ) = 87.5 mm
) . . mz, 125x16

Pitch circle radius of gear r, = 5 T 5 T 100 mm

Addendum circle radius of pinion r,, =r, +a,=87.5+12.5=100 mm
Addendum circle radius of gear r,=r,+a,=100+12.5=112.5mm

Actual pathofapproach = \/r? — 2 cos’ ¢ —r, sin ¢

= J11252 Z100% cos? 145 — 100 sin 14.5=32.26 mm




238 Kinematics of Machines

Maximum path of approach =r, sin ¢=87.5 sin 14.5=21.908 mm

Asthe actual path of approach is greater than the maximum permissible value, interference
will exist. To eliminate interference, equate the actual path of approach to its maximum permissible
value.

ie, |rl—100° cos’ 145 — 100 sin 14.5=21.908

. New addendum circle radius of gear ra, = 107.597 mm
New addendum for gear, a,=r,-r,

= 107.597 - 100=7.597 mm
Similarly, maximum path of recess =#, sin ¢

= 1005sin 14.5=25.038 mm

ie., ,}rfl ---r;2 cos’ ¢ - sin ¢= 25.038

Jr2 2875 cos? 145 —87.5sin 14.5 = 25.038

. New addendum circle radius of pinion r,, =96.852 mm
—r,=96.852 -87.5=9.352 mm
Path of contact = Path of approach + Path of recess

= 21.908 +25.038 = 46.946 mm

New addendum for pinion a,=r

al

Example 6.19

Two mating gears have 50 and 13 involute teeth of module 10 mm and 20° pressure angle. The
addendum is one module. Does the interference occur? If it occurs, to what value should be the
pressure angle be changed to eliminate interference.

Data:
z, =13 teeth, z, =50 teeth, m=10mm, ¢=20° a=1m=10mm
Solution:

Addendum circle radius of pinion r,, =r, +a=65+10=75mm
Addendum circle radius of gear r,,=r,+a=250+ 10~ 260 mm

Actual path ofapproach = [y’ — ) cos’ ¢ ~7,sin ¢

= 2607 - 250% cos? 20 —250in20=25.9 mm
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Maximum path of approach =, sin ¢
= 65sin20=22.23 mm

Astheactual length of approch is more than the maximum permissible value, hence interference
will occur.

To eliminate interference, equate the actual path of approach to maximum path of approach,
we get,

65sin ¢, = 25.9
- Pressure angle to eliminate interference ¢, =23.48°

Example 6.20

A pinion with 30 involute teeth of 4 mm module, gears with a rack. If the pressure angle is 20°,
and the addendum for pinion and the rack are same, determine

i) Maximum addendum if the interference is to be avoided
i1) The length of the resulting path of contact.

Data ;
z =30 teeth, m = 4mm, ¢= 20°

Solution :

Maximum addendum of the rack a =r sin? ¢= 60 sin? 20="7.02 mm
Addendum circle radius of pinionr, =r+a=60+7.02 =67.02 mm

Path of contact = ./’ —r* cos’ ¢ —r sin g+ sing
¢ 1

= ? L - i +
V67.027 - 60* cos? 20 —60sin20+ ——

=36.236 mm

Example 6.21

A straight tooth pinion with teeth of 6 mm module, and 20° pressure angle meshes with a rack. If
the addendum of the pinion and the rack is 6 mm, find the maximum number of teeth on pinion for
interference to be avoided. If the pinion had 3 teeth less than this number, how much addendum
correction would be required?

Data :

m=6mm, ¢=20° a=6 mm
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Solution :
Addendum of the rack e =a, m
le, 6 =a x6
. Addendum coefficient of therack a, = 1
Minimum number of teeth on pinion to avoid inteference is

2a, 2xl1

=5~ =17.09=1
sinlp | sin20 17.09 = 18 teeth

Zz

Number of teeth on pinion after reducing 3 teeth is,

z=18-3=15
2a.
Also, z = —F
sin” ¢
015 =
PG I T Sin? 20

.. Addendum coefficient of the rack a, = 0.877
New value of the addendum a=a, m=0.877 x 6 = 5.264 mm
Addendum correction=6—5.264=0.736 mm

Example 6.22

What is the smallest number of teeth theoretically required in order to avoid interference on a
pinion which gear with a) rack, b) an equal diameter gear, and c) a wheel to give a gearratio of
3 :1. The addendum is one module and the pressure angle is 20°.

Data :
i=3, $=20° a,=a,=a,= 1
Solution :

a) For rack and pinion :
2a,  2x1
sin?¢  sin’ 20

Number of teeth on pinion z= =17.09 = |8 teeth

b} For the gear ratio of unity :
2a, 2x1

A

z = =
P Je3sintg -1 f1+3sin? 201

Number of teeth z, = =123 ~ 13 tecth
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¢) For gear ratio of 3 : 1

2a, 2x1
Z,= = 571 =44.94 = 45 teeth
\/1+§‘L¢-(— 2]-1 \/1+ﬂ3( +2)—1
i \i 3 \3
.. z, 45
Number of teeth on pinion z, = P 15 teeth

Example 6.23
Two gear wheels mesh externally are to give a velocity ratio of 3. The teeth are of involute form
of' module 6 mm. and the pressure angle is 20°. The standard addendum is one module and the
pinion rotates at 400 rpm. Find

i) The number of teeth on each wheel, so that the interferences is just avoided.

11) Length of path of contact.

iti) The maximum velocity of sliding between the teeth.

iv) Arc of contact, and

v} Number of pairs of teeth in contact. (VTU, Aug, 2005)
Data :

i=3, m=06mm, ¢=20°a,=1,n, =400 rpm
Solution :

The minimum number of teeth on the gear to avoid interference is

2a, 2
L= £ X1 44.94
\/1 91{1_@( )—I \/1 sin’ 20( )—l
Take the number of teeth on gear z,=45 teeth (divisible by i)
z, 45
Number ofteethonpinion  z, = s 15 teeth
mzy  6x15§
Pitch circle radius of pinion ;= = ——2— =45 mm
. . . mz, 6x45
Pitchcircleradiusof gear 7, = 5 T, 135 mm
Addendum a=a=a=a,m=1x6=6mm

Addendum circle radius of gear Tay =P+ ;=135 +6=141 mm
Addendum circle radius of pinion P =7 ta;=45+6=51mm
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Path of approach A= Jr)-ricos’ ¢ —rysing

J141 =135 cos? 20 — 135 5in20=15.37 mm

Path of recess R = \t’i,f —rlcos’ ¢ —r sin ¢
= /517 —45% cos* 20 —455in20=13.12mm
Length of path of contact = Path of approach 4 + Path of recess R
= 15.37+13.12=28.49 mm
. . 27n, 2 7 %400
Angular velocityof pinion @, = = =419rad/s
60 60
) w, 419
Angular velocity of gear W= =Ty 1397 rad /s

The maximum velocity of sliding occurs during approach.
. Maximum velocity of sliding = (@, + @,) x path of approach
(41.9+13.97) x 15.37=858.7 mm/s
pathof contact 2849
cos¢g ~ c0s20

It

Arcof contact = =3(.32 mm

7 m=6 zmm

pathof contact 28.49
pcosg  6xxcos20

Circular pitchp

Number of pairs of teeth in contact = =1.608

Example 6.24

A 20 teeth pinion of involute tooth profile has circular pitch equal to 12.6 mm. The gear ratiois 2
and the addendum is 4 mm. Determine the least pressure angle which may be used to avoid
undercutting.

Data :
z,=20teeth,p=12.6 mm,i=2,a,=a,=a=4mm

Solution :
p 126
Module m = — = — =4mm
T T
Addenduma, = a, m
ie., 4 = a, X 4
a, =1

J:4
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The number of teeth on gear z, =iz, = 2 x 20 =40 teeth

Also z, = et

ie., 40

or /1+125sin*¢ = 1.05
Squaring both sides we get,
1 +1.25sin* ¢ = 1.1025
.. Pressure angle ¢ = 16.64°

Example 6.25

A pair of spur gears has 16 teeth and 18 teeth, amodule 12.5mm, an addendum 12.5mm and a
pressure angle 14.5°. Prove that the gears have interference. Determine the minimum number of
teeth and the velocity ratio to avoid interference. (VTU, Jan. 2005)

Data :
z, = 16 teeth, z, = 18 teeth, m=12.5mm, a=12.5mm, ¢=14.5°
Solution :

Addendum a, =a, m
ie., 125 = a,x 125
. Addendum coefficient a,= 1
Gear ratio P= PERRT: 1.125
Minimum number of teeth on gear to avoid interference is,
2 2x1
z, = % - - =25.8

2 2
sin’ ¢ {1 sin® 14.5( 1 )
SPli2l-1 i+ L)
‘jl+ i (i+ ) \/ 1125 [1.125

The given number of teeth on gear is less than the minimum number of teeth required to
avoid interference. Therefore interference exist. Select the value z, greaterthan 25.8.

Take z, = 27, (divisible by i)
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Example 6.26
A pair of spur wheels with involute teeth is to give a gear ratio 3 : 1. The arc of approach is not
less than the circular pitch and the smaller wheel is the driver. The pressure angle is 20°. What is
the least number of teeth that can be used on each wheel? What is the addendum of wheel
interms of circular pitch?
Data:

i=3, arc of approach = p, ¢=20°
Solution:

Maximum path of approach =r| sin ¢ (- Pinion is the driver)

Path of approach  r,sing

Arc of approach = coss = cos p =r, tan ¢

By data, arc of approach 2 p (- p=mm)
ie., ritan ¢ > mm

5 -
or : 5 tan ¢ = 7m (- dy=mz)

Z
3 Xxtan20 2z &

. Number of teeth on pinion z, >17.26

Take z, = 18

. Number of teeth on gear z,=ixz =3 x 18 =54 teeth

Minimum number of teeth on gear to avoid interference is
2a,

Zy . =
\/1+§1“,¢(1_+2)—1
i I

2a
ie., 54 = £

. 2
J1+s@(z+2)_l
3 3

Addendum coefficient a,= 1.20153

a,p
Addendum of geara,=a,m= —— (- p=amm)
Fia
120153 p

R =0.382 pmm
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Example 6.27

Two 20° involute spur gears mesh externally and give a velocity ratio of 3. Module is 3 and the

addendum is equal to 1.1 module. If the pinion rotates at 120 rpm, determine: (i) Minimum

number of teeth on each wheel to avoid interference (ii) Number of pairs of teeth in contact.
(VTU, Jan. 2007)

Data:

$=20° i=3, m=3 mm, a,=1.1m, n, =120 rpm
Solution:

Minimum number of teeth on gear to avoid interference is

B Zag

ZZ = -5
\/1+S‘n_ ¢(~1;+2)—1
! I

= 2x11 = 49.43

. 2
1+ 20(1+2)—1
3 \3

Take the number of teeth on gear z,=51 (divisible by i)

Addendum a=a,=a,=a,m=1.1x3=33mm
Addendum circle radius of pinion r,, =r, +a,=25.5+3.3=28.8 mm
Addendum circle radius of gear r,,=r, +a,=76.5+3.3=79.8 mm

Length of path of contact = \/r(fz ~rlcos’ ¢ + J;fl ~r’cos’ g —(r, +r,)sin ¢

= V79827657 cos? 20 + V2887 =255 cos? 20 ~ (25.5 +76.5) sin 20
= 15.737

Path of contact 15737
pcosg "~ rx3xc0520

Number of pair of teeth in contact = =1.7769
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Example 6.28

Two gear wheels mesh externally and are to give a velocity ratio of 3. The teeth are of involute
form of module 6 mm and standard addendum of one module pressure angle is 18°. The pinion
rotates at 90 rpm. Find, () Number of teeth on each wheel so that interference is just avoided.
(ii) Length of path of contact. (iii) Maximum velocity of sliding between teeth.

(VTU, Feb 2004)
Data:

i=3, m=6mm, a=a,=a,=1m=1x6=6mm, a,=1, ¢=18° n, =90 rpm
Solution:
Minimum number of teeth on gear to avoid interference is

2a,
= =
Jre8(1e2)
i\
2x1
= — =54.84
1+ ﬂ‘ﬁ(l + 2) -1
3 03
Take the number of teeth on gear z,=57 (divisible by i)
o z 57
.. Number of teeth on pinion z,= — = EN 19
. . . . mz, _ 6x19
Pitch circle radius of pinion r, = ER 57 mm
. . . mz, 6x57
Pitch circle radius of gear r, = -i-** =Ty T 171 mm

Addendum circle radius of pinion r, =r, +a=57+6=63 mm
Addendum circle radius of gear r,=r,+a=171+6=177mm

Length of path of approach = /%, — 1’ cos” ¢ —r,sin ¢
= J177° “171% cos2 18 — 171 sin 18=17.017 mm

= 2 2 2 4
Lengthof pathof recess = fr) —r’cos’ ¢ —r,sin g

= J632 —57%cos> 18 — 57 sin 18 =14.4834 mm

2rn, 2ax90

Angular velocity of pinion @, = T =0.425 mm/s
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The maximum velocity of sliding occurs during approach.
Maximum velocity of sliding during approach = (@, + m,) x length of approach
=(9.425+3.1417) x 17.017=213.85 mm/s

Example 6.29

The following are the particulars of a single reduction spur gear. The gearratio is 10 to 1 and the
center distance is 275 mm. The pinion transmits 3.75 kW at 1800 rpm. The teeth are of involute
form with standard addendum of one module and pressure angle is 22.5 degrees. The normat
tooth pressure not to exceed 9810 N/cm width. Find:

i) The nearest standard module if no interference is to oceur.
1) The number of teeth in each wheel, (VTU, Feb, 2002)

Data :

i=10, ¢=275mm, P=3.75kW, 7, =1800pm, a=1m, a,=1, ¢=22.5°
Solution :

Minimum number of teeth on gear to avoid interference is

2a,
L= sin’d(1 -
\/I+lﬁn_—¢(7+2)—l
i\
= __2x! = 131.05
1430 22'5(i+2) -1
10 10
Take number of teeth on gear as z, = 140 (divisible by i)
140
. Number of teeth on pinion z, = T 14 teeth
. d+d, mz+z,)
Centerdistance ¢ = = =
2 2
. m(14 +140)
Le., 275 = ———/——
2
.. Module m = 3.57

Take a standard module m =4 mm
Pitch circle diameter of pinion d,=mz, =4 x [4 =56 mm
Pitch circle diameter of gear d, = m z,= 4 x 140 = 560 mm

(56+560) __

> 08 mm

. Correct center distance ¢ =
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Involutometry

The study of the geometry of the involute is called involutometry. Consider an involute
which has been generated from a base circle of radius r, and C and D are two points on the
involute as shown in fig. 6.14. Draw normal to the involute from points C and D. The normals
CF and DG are tangent to base circle, and point B is the origin of the involute.

Let r. = Radiusofpoint C on the involute
r,, = Radius of point D on the involute
¢ = Pressure angle at the point C
¢, = Pressure angle at the point D
t. = Arctooth thicknessat C
t, = ArctooththicknessatD

Addendum circle

Basecircle —
N
Fig. 6.14
From triangle OCF,
4 OF r,
cos @ = 5=
¢ oc v
.. Basecircleradiusry=r.cosg¢. .. (1)
Fromtriangle OD G
_96 5
s é=5p T 7,
.. Base circle radius Fg =rpcosd, e (2)

From equations (1) and (2) we get
FoCOS g =rpcosg, e (3)
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By the properties of involute,
arc length BF = length of generating ling CF
arc length BG = length of generating line DG
From the figure,

The angle between the radius vector defining the origin of the involute B and the point C on
the involute is

n

£ZBOC = ZBOF - g,
le,invg. =tang.-¢. . C)

The expression tan ¢— ¢is called an involute function inv $and the angle dis expressed
in radians.
Stmilarly for point D, from the figure

£BOG = oG T oG =tan ¢,

and ZBOD = ZBOG - ¢,

~invg, = tang, -9, . (3)
From the figure, for point C,

t t
ZBOE = ZBOC + —4— =j + == . 6
> inv ¢- 2 (6)
From the figure, for point D,
! . t
ZBOE = £BOD + =%~ =inv g, + =2 .. (7)
2r; 27,

Equating the equations (6) and (7), we get

. ’(' . f”
inv g+ 2—’1‘ = inv ¢, + 57“'
. . .
.. Tooth thickness at D, 1,=2r,, {5;_ +invg. —inv ¢n} ..... (8)

From the above equation, it is possible to calculate the tooth thickness at any point on the
involute, if the tooth thickness at some other point is known.

Example 6.30

The thickness of an involute gear tooth is 7.98 mm at a radius of 88.9 mm and pressure angle of
14%2°. Calculate the tooth thickness and radius at a point on the involute which has a pressure
angle of 25°.
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Data :
t-=7.98mm,r.=88.9mm, g.-= 1430, g,=25°

Solution :
We know that, r. cos g, = r,cos g,
r.cos@. 889 xcoslds

.. Radius of point D on the involute rj, = =94.966 mm
0s¢, cos25
Involute functionat C is,
. 145x%r
inv ¢. = tan ¢.— ¢. =tan 14.5 - 180 =5.545 x 1073

Involute function at D is,
inv ¢, = tan ¢, - ¢,

- tan 25— 227 _0.02998
= tan — 180 =u.

L. .
Tooth thickness at point D, t,=2 ry, [2; +inv g, —inv ¢u}

,"(.

= 2 x 94.966 x l: 798 +5545%107° —-0.02998 | =3.884 mm
2 %889

Example 6.31
- The thickness of an involute gear tooth is 4.98 mm at a radius of 50.8 mm and a pressure angle
of20°. Calculate the tooth thickness on the base circle.

Data :

I-=4.98 mm, r.=50.8 mm, g.=20%r,=r,
Solution :

Base circleradius r, = r. cos ¢

= 50.8 x cos 20 =47.736 mm
Since the point B is on the base circle,
the pressure angle ¢, is zero.
invg, =tan gy~ ;=0
and inv ¢ = tan ¢ - ¢

~ an 20— 227 00149
BT M
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Tooth thickness of point B on the base circle is

I, . .
ty =2r, (i+mv¢(.—mv¢ﬁJ

s

2 . 3 (

+0.0149-0) =6.102 mm

Example 6.32
The number of teeth on a 20° full depth involute gear is 22, and the module is 12 mm, calculate,
(1) Pitch circle radius
(ii) Thickness of tooth at the pitch circle
(iii) Base circle radius, and
(1v) Thickness of tooth at the base circle.

Data :
¢=20° z=22teeth, m = 12 mm
Solution :
. ) ) mz 12x22
Pitch circle radius r= o = 5 =132 mm
. . rd
Circular pitch p=—_ =7m= 12 7 mm
. \ ; 127
Tooth thickness at the pitch circle = 5= = 6 7 mm

Involute function at the pitch circle inv g=tan ¢— ¢
= @20~ 2%~ 00149
e TT I

Base circleradius v, = r cos ¢
= 132 cos 20 = 124. 039 mm
Involute function at the base circle inv ¢, =0 (- ¢,=0)

r . .
Tooth thickness at base circle t;=2r, |:§ +invg—inv¢ B]

¥4
2x132

=2 x 124.039><[ +0-0149—0] =21.41 mm
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Example 6.33
A 10-mm module gear has 17 teeth, 20° pressure angle and addendum of 1 m. Find the thickness
of the teeth at the base circle and at addendum circle. What is the pressure angle corresponding
to the addendum circle?
Data :

m=10mm,z=17, ¢=20°a=1m
Solution :

Pitchcircleradius r = — = ——— =85mm

Basecircleradius r, = r cos ¢
85 cos 20=79.874 mm
1m
= 1x10=10mm
Addendum circle radiusr, =r +a
= 85+10=95mm
We know that, r cos ¢=r_ cos ¢,
ie.,85c0s20 = 95 cos ¢,
.. Pressure angle at the addendum circle ¢, = 32.78°

Involute function at pitch circle inv g=tan ¢— ¢

Addendum a

2

= tan20 - T =0.0149
= tan 20 - TR
Involute function at addendum circle inv ¢, = tan ¢, — ¢,
32.78x 7 :
= tan 32.78 — 50 0.07184
Circular pitch p = 7m =10 7 mm
) ) ) 107
Tooth thickness at the pitch circle £ = =75 < 5 7mm

r . .
Tooth thickness at addendum circle £, =2 r, [7— +invg—inve, ]
LF

S
2% 85

=2 %095 { +0.0149—0.07184] =6.737 mm

. . P .
Tooth thickness at the base circle ;=2 r, |:~;— +invg—inve, ]
r
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The involute function at the base circle inv ¢, =0 (v ¢=0)

5m
2x85

oty =2x79.874 [ +0'0149—0] =17.14 mm

Example 6.34

Ifthe involute that is formed at the outline of the gear tooth are extended, they will intersect and
the tooth becomes pointed. Determine the radius at which this occurs for a tooth which has a

thickness of 6.65 mm at a radius of 100 mm and pressure angle 20°. (VTU, Feb. 2006)
Data:

1, =6.65mm, r,=100 mm, ¢, =20°, {,=0 mm
Solution:

z
Involute function at C is, inv ¢, =tan ¢, — ¢, = tan 20— 20 x 180 ~ 0.0149

Let r_ be the radius at which the tooth becomes pointed (tooth thickness is zero)

~le

' t . :
Tooth thickness atpoint Z, ¢, =2 r, [; +inv ¢, —inv ¢:]

ie., 0=2r, [2?(?30 +0.0149 ~ inv ¢z]

or 0= 2% 00149 iny )
2x100 :

- Involute functionat Z, inv ¢, = 0.04815

Also, invg, =tan g — ¢

. dpxz

ie., 0.04815 = tan ¢, - 180

By trial and error method, pressure angle at Z, ¢ =29°

Also r.cos @ = r,cos ¢

Le., 100 x cos 20 = r, x cos 29

- Radius at which the tooth become pointed, 7,=107.44 mm

Example 6.35

Find the thickness at the addendun and base circles of a tooth of 3 mm module. The number of
teeth on gear is 30 and the pressure angle is 20°. The tooth thickness at the pitch circle equal to
half the circular pitch and the addendum is one module. The gear tooth thickness becomes
smaller as the radius increases from the base circle radius. Determine the addendum circle radius
if the tooth thickness is zero.
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Data:
$=20°, z=30teeth, m=3mm, a=1m=3mm, t=p/2
Solution:
. . . mz  3x30
Pitch circle radius r=S T, =45 mm
. . rd
Circular pitch p="T =am=nxx3=3xmm
. L p_3z
Tooth thickness at the pitch circle = =5 = 1.5 zmm =4.7124 mm

Involute function at the pitch circle inv g=tan ¢— ¢

— tan 20— 27 00149
TRnetT g

Basecircleradius  r,; = rcos ¢=45 cos 20 =42.286 mm

Involute function at the base circle inv ¢, =0
.
. Tooth thickness at base circle 7,=2r, [-2; +inv ¢ -inv ¢n]

47124
=2 x42.286 2% 45

+0.0149 - O] =5.688 mm

Addendum circle radius r,=r+a=45+3=48 mm
Also FCos ¢ = r,cos g,
ie., 45 cos 20 = 48 cos ¢,
. Pressure angle at ihe addendum circle ¢, =28.2414°
Involute function at addendum circle inv ¢, =tan ¢, — ¢,
282414 xw

50 0.04422

= tan 28.2414 ~

[ .
Tooth thickness at addendum circle £,=2r, [5;‘ +inv ¢ —inv %}

47124

2x45

Let r, be the radius at which the tooth becomes pointed (tooth thickness is zero)

0=2r |:—t—+inv ¢—inv ¢_}
12r )

H
or — +invg-invg =0
S Hiny g-inv g,
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ie. 47124 +0.0149—-invg = 0
T 2x45 ) :
: _ B $. x7
inv ¢ = 0.06726 = tan ¢, — 180
By trial and error method,

Pressure angle when the tooth thickness is zero, ¢@,=32.13°
Also, rCcos ¢ = r. cos ¢

45 cos 20 = r_cos 32.13
Radius at which the tooth thickness is zero #,=49.934 mm

Determination of backlash

In practice some backlash must be allowed to prevent jamming of the teeth due to tooth
errors or thermal expansion. For a set of mating gears, backlash can be provided either mounting
the gears at a center distance greater than the theoretical or by feeding the cutter deeper than
standard. Fig. 6.15a shows two standard gears meshing at standard center distance c.

Let r, = Standard pitch circle radius of pinion
r, = Standard pitch circle radius of gear
- Standard center distance c=¢r,+r, (1)

Fig. 6.15b shows the condition where the two gears have been putled apart at a distance
Acto give a new center distance ¢. The line of action now crosses the line of centers at a new
pitch point p'.

Base circle —- [ .
H / —~—--Rase circle
Standard {cutting)—- ' r', R ~Standard (cutting)
pitch circle " "Line of / ! pitch circle
action N f Operating
\_ } - pitch circle
Standard (cutting) - " P
pitch circle —— Y \\
Base circle— ,’ \Slandard {cutting}
Line of pitch circle
action Base circle
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Let r; = Operating pitch circle radius of pinion
r, = Operating pitch circle radius of gear
.. Operating center distance ¢'=ry+¢, . (2)
d h c
Also T = ;", =T e (3)
We know that,
c'cos ¢' =ccos ¢
Where ¢ = Cutting pressure angle
¢ ' = Operating pressure angle
ccosg
€= s ¢’

charge in center distance Ac = ¢'—~¢

_ ccosg czc(cosgb_l) ______ @)

cosg’ cosd’

On the operating pitch circle, the sum of the tooth thickness plus the backlash must be equal
to the circular pitch.

ie., n+u+B=p" L (5)
Where t' = Tooth thickness on operating pitch circle

B = Backlash

p' = Operating circular pitch.
Let t = Tooththickness on standard pitch circle = %

p = standard circular pitch
By involutometry, the thickness of the tooth on the operating pitch circle is,

[ .
t = 2r, —+1nv¢—mv¢'} ...... (6)
| 27
and 6 =25 L+inv¢v-inv¢'} ...... %
7

Substitute the values of r; and ¢; in equation (5), we get

2r; |:~2-t——+inv¢—inv¢'] +2r [F’L+inv¢—inv¢':| +B=p'

rl er
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) r,

h

257

t (-"‘TJ +2inv ¢g(r|+r)) -2 inv ' (rj+r)y+B=p

c' C' - . ..rl' r2’ ' v t ’
Vo2 invg-2c"invg'+ B=p' Soo=—=—,and '+n'=c
c ¢ n on <
C' - -
B=p'—2rx?+2c‘(mv¢'—mv¢)
_ 27y 2an . .
=T T2 22 X +2 ¢ (inv ¢'-inv )
2 r
v p'=—2L and (=L 270
z 2 2z
2z (. C : :
= ? ‘ﬁ_’ax; +2 ¢ (inv ¢' —inv ¢)
2r r'—r'Xi ' e . i'_[n_'
= 170 " +2c (inv ¢'—inv @) " r,
.". Backlash B=2¢(nvg'—-invg (8)
Example 6.36

A 2.5 mm module, 20° pinion with 36 teeth drives a gear with 60 teeth. If the center distance is
increased by 0.65 mm, calculate,

1) The radii of the operating pitch circles,

i1) The operating pressure angle, and

1i1) Backlash produced.
Data :

m=2.5mm, ¢=20°, z,
Solution :

Standard pitch circle radius of pinion 7, =

Standard pitch circle radius of gear r, =

=36 teeth, z, = 60 teeth, Ac = 0.65 mm

mz,  25x36 _
> Ty =45 mm
mz, 25x60
5 T =75mm

Standard center distance ¢ =r, +r,=45+75=120 mm
Operating center distance ¢'=¢ + Ac = 120+ 0.65 = 120.65 mm
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K c
We know that, = =

45 120

512065
. Operating pitch circle radius of pinion r; = 45.244 mm

1e.,

Operating pitch circle radius of gear r; = ¢'—r|
= 120.65 - 45.244 = 75.406 mm

Also ccos ¢ =ccos g’
ie., 120 cos 20 = 120.65 cos ¢'
. Operating pressure angle ¢'=20.83°
Backlash B=2c(invg'—inv @
where invg' =tan ¢'— ¢'
2083xx

= tan 20.83 — 130 =0.0169

and invg = tan ¢ - ¢
T

= tan 20 - 20 x 180 - 0.0149

.. Backlash B = 2x120.65(0.0169-0.0149) = 0.4826 mm

Example 6.37

The following data refer to two mating involute geares of 20°pressure angle :

Number of teeth on pinion =20, Gear ratio =2, Module =12 mm

Ifthe center distance between the gears is increased by 2 mm., find the backlash between the

gears. (VTU,Aug,2000)
Data :

¢=20° z,=20teeth, i=2, m=12mm, Ac=2mm

Solution :

Number of teeth on gear z, =iz, =2 x20=40
mz 12 x 20
Pitch circle radius of pinion r, = —2*1* = ;

mz 12 x40
Pitch circle radius of gear r, = —*?:3' = ; =240 mm

Center distance ¢ = r, +r, =120+ 240 =360 mm
Operating center distance ¢'=c¢+ Ac=360+2 =362 mm

=120 mm
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We know that ¢ cos ¢= c'cos ¢'
1e, 360 xcos20 = 362 x cos ¢'
. Operating pressure angle ¢'=20.852°

Backlash B = 2c'(inv ¢’ 1nv ¢)
208
where inv¢' = tan ¢'— ¢ = tan 20.825 % =0.016968
20
inv ¢ = tan ¢— ¢="tan 20 — “;(Ox =(.0146

. Backlash B =2x362(0.016968 — 0.0149) = 1.494 mm

Example 6.38

A 20° involute pinion having 24 teeth drives a gear of 60 teeth. The module is 3 mm and the
addendum is one module. (a) Calculate the length of action and contact ratio if the gears mesh
with zero backlash. (b) If the center distance is increased by 0.5 mm, calculate the radii of the
operating pitch circles, the operating pressure angle and the backlash produced.

Data:
$=20°, z, =24 teeth, z,=60teeth, m =3 mm, a,=a,=1m=1x3=3mm, Ac=0.5mm
Solution:
X ) ) .. mz, 3x24
Pitch circle radius of pinion r| = —5— = 5= 36 mm
. . . mz, 3x60
Pitch circle radius of gear r,= S T, T 0 mm

b)

Addendum circle radius of pinion r,,=r, +a,=36+3 =39 mm
Addendum circle radius of gear r,,=r, +a,=90+3=93 mm

Pathofcontact = \/r2 —rZcos ¢ + \Jr —ricos’ ¢ —(r,+ 1) sin ¢

= 7932 907 cos? 20 * /392 =36 cos? 20 — (36 + 90) sin 20

= 14.9966 mm
Path of contact  Path of contact
Contact ratio = poosg = T cos p (v p=nm)
= 149966 =1.6933
_ T x3xcos20
Correct center distance c=r, +r,=36+90=126 mm

Operating center distance ¢’=c¢+ Ac=126+0.5=126.5 mm.
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¥ c
We know that, - ==
r' c
. 36 126
1.€., r—'l 1265

~. Operating pitch circle radius of pinion ', =36.1429 mm
Operating pitch circle radius of gear »',=c¢'—r', =126.5-36.1429=90.357]1 mm
Also ccos ¢ = c'cos ¢
126 cos 20 = 126.5 cos ¢
.. Operating pressure angle ¢'=20.6132°

A i e

Backlash B = 2c'(inv ¢'—inv ¢)
where invg = tan ¢ — § = tan 20.6132 — 20.6132 x Tgﬁ =0.01637
k3
invg = tan ¢— ¢=tan 20— 20 x 180 0.0149
-, Backlash B = 2 x 126.5 (0.01637 — 0.0149)
= (0.3719 mm
REVIEW QUESTIONS

What are toothed gears? State their uses.

What are the advantages and disadvantages of gear drives?
How are gears classified?

State the law of gearing.

What are the common curves used for tooth profile?

Discuss the relative merits and demerits of involute curve and cycloidal curve for the profiles
of gear tooth.

7. What are the general characteristics of spur gearing?

10.

Draw a neat sketch of the tooth profile for a spur gear and explain the various terms connected
withit.

Define the following:

i) Pitch circle diameter, (ii) Circular pitch, (iii) Module, (iv) Addendum, (v) Dedendum,
(vi) Pressure angle.

Define the following :

1) Path of contact, (ii) Arc of contact, (iii} Contact ratio.
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11.
12.
13.
14.
15.
16.

17.

Derive the formula for length of arc of contact for two meshing spur gears of involute profile.
Explain the phenomenon of interference. State the necessary condition forno interference.
Descnibe the various methods of avoiding interference.

Derive an expression for minimum number of teeth necessary for a pinion to avoid interference.
Derive an expression for the length of path of contact for a pinion on rack.

What is involutometry? Derive an expression for the tooth thickness at any point on the
involute, if the tooth thickness at some other point is known.

What is backlash? Derive an expression for backlash if the center distance is pulled apart a
distance Ac.

EXERCISE -6

- A pinion of module pitch 4 mm have 24 teeth and the gear ratio is 1.25. The pressure angle

is 20° and each wheel has a standard addendum of 1 module. Find the length of arc of
contact and the maximum velocity of sliding if the speed of the pinion is 400 rpm.

[Ans. 19 mm, 736 mm/sec)

Two gear wheels mesh externally and are to give a velocity ratio of 1.5. The pinion has 14
teeth and the pressure angle is 14.5°. Find the maximum addenda on the pinion and gear
wheel to avoid interference if pitch in module is 6 mm. Also find the velocity of sliding of
teeth on either side of pitch point.

[Ans. 6.42 mm, 3.42 mm, 550.6 mm/sec, 825.9 mm/sec]

- The following datarelate to a pair of involute spur gears in mesh. Number of teeth on pinion =22,

Gear ratio =2, Pressure angle = 20°, Module = 4 mm, Pitch line velocity of pinion=1m/
sec. Determine the velocity of sliding at the approach, recess and at the pitch point.
[Ans. 348.5 mm/sec, 318.2 mmy/sec, 0]

. The pitch circle diameter of pinion is 100 mm. The number of teeth on pinion and gear are

25 and 50 respectively. The pressure angle is 14.5° and the addendum is 0.32 of the circular
pitch. Find the length of path of contact. [Ans. 24.36 mm]

. A ptnion of module pitch 6 mm have 20 teeth and the gear ratio is 1.5. The addendum on

both wheels is 1/4 of the circular pitch. The angle of obliquity is 20°. Find,

a) path of approach,

b) arc of approach,

¢) path of recess and,

d) arc of recess. {Ans. 11.83 mm, 12.6 mm, 11.2 mm, 11.9 mm)
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10.

11.

12.

13.

14.

15.

Kinematics of Machines

o

. Two mating gears have 30 and 40 involute teeth of module 12 mm and 20° obliquity. The

addendum on each wheel is to be made such that a length of path of contact on each side of
the pitch point has half the maximum possible length. Determine the addendum for each
gear wheel and the length of path of contact. [Ans. 7.8 mm, 12.2 mm, 71.8 mm]

. Determine the number of pairs of teeth in contact at a given instant if two equal involute

gears of 20 teeth and pressure angle 20° have addendum of 0.8 module.  [Ans. 1.289]

. A pinion with 25 involute teeth of 150 mm of pitch circle diameter drives a rack. The

addendum of the pinion and rack is 6 mm. Find the least pressure angle which can be used
if undercutting of the teeth is to be avoided. [Ans. 16.43°]

. Two equal gear wheels of 200 mm pitch circle diameter are in mesh. The module pitchiis 4

mm and the pressure angle is 20°. The teeth are of involute form. Calculate the least addendunm
necessary if it is to be ensured that two pairs of teeth are always in contact.[Ans. 4.6 mm]

Two wheels with standard involute teeth of 3 mm module are to gear together with a velocity
ratio of 3, the pressure angle being 14.5°, Find the least number of teeth on gear and pinion,
if the interference is to be avoided. The standard addendum is 0.82 of the module.

[Ans. 69 teeth, 23 teeth]

A pinion having 17 teeth drives a gear having 49 teeth. The pressure angle 1s 20°, module is
6 mm and the addendum on pinion and gear wheel = 1 module. Calculate,

(i) Length of path of contact (i1) Arc of contact, and (ii1) Contact ratio (July 2006)
[Ans: 28.9245 mm, 30.78 mm, 31.6329]

A3 mm module, 20° pinion with 24 teeth drives a 56 tooth gear. Determine the addendum
circle radii so that the addendum circle of each gear passes through the interference point of
the other. [Ans: 41.84 mm, 97.63 mm]

The thickness of an involute gear tooth is 10 mm at a rad:as of 100 mm and a pressure angle

of 14.°. Calculate the pressure angle and tooth thickness at a point on the involute that has
aradius of 110 mm. [Ans. 28.34°, 238 rmin]

A 4 mm module, 141 ° pinion of 20 teeth drives a gear of 60 teeth. If the center distance 13

increased by 0.6 mm, calculate the radii of the operating pitch circles, operating pressure
angle, and the backlash. [Ans. 40 mm, 80 mm, 15.31°,0.32 mm|

Two mating involute gears of 20° pressure angle have a gear ratio of 2. The number of teeth
on pinion is 20. The speed of pinion is 250 rpm. Take module as 12 mm. If the addendum
on each wheel is such that the path of approach and path of recess on each side are of half
the maximum possible length each, find: i) The addendum of pinion and gear ii) The length
of arc of contact. (VTU, Jan 2008)



