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Introduction

We have discussed earlier that the slipping of a belt or rope is a common phenomenon, in the
transmission of motion or power between two shafts. The effect of slipping is to reduce the
velocity ratio of the system. In precision machines, in which a definite velocity ratio is of
importance(as in watch mechanism), the only positive drive is by gears or toothed wheels. A gear
drive is also provided, when the distance between the driver and the follower is very small.

Friction Wheels
The motion and power transmitted by gears is kinematically equivalent to that transmitted by
frictional wheels or discs. In order to understand how the motion can be transmitted by two
toothed wheels, consider two plain circular wheels A and B mounted on shafts. The wheels have
sufficient rough surfaces and press against each other as shown in Fig.
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Let the wheel A is keyed to the rotating shaft and the wheel B to the shaft to be rotated. A little
consideration will show that when the wheel A is rotated by a rotating shaft, it will rotate the wheel
Bin the opposite direction as shown in Fig. 28.1. The wheel B will be rotated by the wheel A so long as
the tangential force exerted by the wheel A does not exceed the maximum frictional resistance
between the two wheels. But when the tangential force (P) exceeds the *frictional resistance (F),
slipping will take place between the two wheels.

In order to avoid the slipping, a number of projections (called teeth) as shown in Fig are provided on




the periphery of the wheel A which will fit into the corresponding recesses on the periphery of the
wheel B. A friction wheel with the teeth cut on it is known as gear or toothed wheel. The usual
connection to show the toothed wheels is by their pitch circles.

Advantages and Disadvantages of Gear Drives

The following are the advantages and disadvantages of the gear drive as compared to other drives, i.e.
belt, rope and chain drives:

Advantages

1. It transmits exact velocity ratio.

2. It may be used to transmit large power.

3. It may be used for small centre distances of shafts.

4. It has high efficiency.

5. It has reliable service.

6. It has compact layout.

Disadvantages

1. Since the manufacture of gears require special tools and equipment, therefore it is costlier than other
drives.

2. The error in cutting teeth may cause vibrations and noise during operation.

3. It requires suitable lubricant and reliable method of applying it, for the proper operation of gear
drives.

Classification of Gears

The gears or toothed wheels may be classified as follows :

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

The axes of the two shafts between which the motion is to be transmitted, may be

(a) Parallel, (b) Intersecting, and (c) Non-intersecting and non-parallel.

The two parallel and co-planar shafts connected by the gears is shown in Fig. These gears are called
spur gears and the arrangement is known as spur gearing. These gears have teeth parallel to the axis of
the wheel as shown in Fig. Another name given to the spur gearing is helical gearing, in which the
teeth are inclined to the axis. The single and double helical gears connecting parallel shafts are shown
in Fig. (a) and (b) respectively. The object of the double helical gear is to balance out the end thrusts
that are induced in single helical gears when transmitting load. The double helical gears are known as
herringbone gears. A pair of spur gears are kinematically equivalent to a pair of cylindrical discs,
keyed to a parallel shaft having line contact.

The two non-parallel or intersecting, but coplaner shafts connected by gears is shown inFig. (c). These

gears are called bevel gears and the arrangement is known as bevel gearing.The bevel gears, like spur




gears may also have their teeth inclined to the face of the bevel, inwhich case they are known as

helical bevel gears.
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The two non-intersecting and non-parallel i.e. non-coplanar shafts connected by gears is shown in Fig.
These gears are called skew bevel gears or spiral gears and the arrangement is known as skew bevel
gearing or spiral gearing. This type of gearing also have a line contact, the rotation of which about the
axes generates the two pitch surfaces known as hyperboloids.

2. According to the peripheral velocity of the gears.

The gears, according to the peripheral velocity of the gears, may be classified as :

(a) Low velocity, (b) Medium velocity, and (c) High velocity.

The gears having velocity less than 3 m/s are termed as low velocity gears and gears having velocity
between 3 and 15 m/ s are known as medium velocity gears. If the velocity of gears is more than 15 m
/ s, then these are called high speed gears.

3. According to the type of gearing.
The gears, according to the type of gearing, may be classified as :

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

In external gearing, the gears of the two shafts mesh externally with each other as shown in Fig. The
larger of these two wheels is called spur wheel or gear and the smaller wheel is called pinion. In an
external gearing, the motion of the two wheels is always unlike, as shown in Fig.

In internal gearing, the gears of the two shafts mesh internally with each other as shown in Fig. The




larger of these two wheels is called annular wheel and the smaller wheel is called pinion. In an internal
gearing, the motion of the wheels is always like as shown in Fig. Sometimes, the gear of a shaft
meshes externally and internally with the gears in a *straight line, as shown in Fig. Such a type of gear
is called rack and pinion. The straight line gear is called rack and the circular wheel is called pinion. A
little consideration will show that with the help of a rack and pinion, we can convert linear motion into
rotary motion and vice-versa as shown in Fig.

4. According to the position of teeth on the gear surface.

The teeth on the gear surface may be

(a) Straight, (b) Inclined, and (c) Curved.

We have discussed earlier that the spur gears have straight teeth whereas helical gears have their teeth
inclined to the wheel rim. In case of spiral gears, the teeth are curved over the rim surface.
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Terms used in Gears

The following terms, which will be mostly used in this chapter, should be clearly understood at this
stage. These terms are illustrated in Fig.

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

2. 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 is also called as pitch diameter.

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

4. Pitch surface. It is the surface of the rolling discs which the meshing gears have replaced at the
pitch circle.

5. 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 is usually denoted by ). The standard pressure
angles are 14 /1 2° and 20°.

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




7. Dedendum. It is the radial distance of a tooth from the pitch circle to the bottom of the tooth.
8. Addendum circle. It is the circle drawn through the top of the teeth and is concentric with the pitch
circle.
9. Dedendum circle. It is the circle drawn through the bottom of the teeth. It is also called root
circle.
Note : Root circle diameter = Pitch circle diameter x cos ), where ) is the pressure angle.
10. Circular pitch. It is the distance measured on the circumference of the pitch circle from
a point of one tooth to the corresponding point on the next tooth. It is usually denoted by pc.
Mathematically,
Circular pitch, pc =101 DIT
Where ,

D = Diameter of the pitch circle, and

T = 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.
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11. Diametral pitch. It is the ratio of number of teeth to the pitch circle diameter in millimetres. It
denoted by pd.
12. Module. It is the ratio of the pitch circle diameter in millimetres to the number of teeth. It is
usually denoted by m. Mathematically,

Module, m=D/T
13. 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 is known as clearance circle.
14. Total depth. It is the radial distance between the addendum and the dedendum circle of a gear. It is




equal to the sum of the addendum and dedendum.

15. Working depth. It is radial distance from the addendum circle to the clearance circle. It is equal to
the sum of the addendum of the two meshing gears.

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

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

18. Backlash. It is the difference between the tooth space and the tooth thickness, as measured on the
pitch circle.

19. Face of the tooth. It is surface of the tooth above the pitch surface.

20. Top land. It is the surface of the top of the tooth.

21. Flank of the tooth. It is the surface of the tooth below the pitch surface.

22. Face width. It is the width of the gear tooth measured parallel to its axis.

23. Profile. It is the curve formed by the face and flank of the tooth.

24. Fillet radius. It is the radius that connects the root circle to the profile of the tooth.

25. Path of contact. It is the path traced by the point of contact of two teeth from the beginning to the
end of engagement.

26. 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.

27. 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, i.e.

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

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

Gear Materials

The material used for the manufacture of gears depends upon the strength and service conditions like
wear, noise etc. The gears may be manufactured from metallic or non-metallic materials. The metallic
gears with cut teeth are commercially obtainable in cast iron, steel and bronze. The non- metallic
materials like wood, rawhide, compressed paper and synthetic resins like nylon are used for gears,
especially for reducing noise.

The cast iron is widely used for the manufacture of gears due to its good wearing properties, excellent
machinability and ease of producing complicated shapes by casting method. The cast iron gears with
cut teeth may be employed, where smooth action is not important. The steel is used for high strength
gears and steel may be plain carbon steel or alloy steel. The steel gears are usually heat treated in order
to combine properly the toughness and tooth hardness.




Design Considerations for a Gear Drive

In the design of a gear drive, the following data is usually given :

1. The power to be transmitted.

2. The speed of the driving gear,

3. The speed of the driven gear or the velocity ratio, and

4. The centre distance.

The following requirements must be met in the design of a gear drive :

(a) The gear teeth should have sufficient strength so that they will not fail under static loading
or dynamic loading during normal running conditions.

(b) The gear teeth should have wear characteristics so that their life is satisfactory.

(c) The use of space and material should be economical.

(d) The alignment of the gears and deflections of the shafts must be considered because they
effect on the performance of the gears.

(e) The lubrication of the gears must be satisfactory.

Causes of Gear Tooth Failure

The different modes of failure of gear teeth and their possible remedies to avoid the failure, are as
follows :

1. Bending failure. Every gear tooth acts as a cantilever. If the total repetitive dynamic load acting on
the gear tooth is greater than the beam strength of the gear tooth, then the gear tooth will fail in
bending, i.e. the gear tooth will break.

In order to avoid such failure, the module and face width of the gear is adjusted so that the beam
strength is greater than the dynamic load.

2. Pitting. It is the surface fatigue failure which occurs due to many repetition of Hertz contact
stresses. The failure occurs when the surface contact stresses are higher than the endurance limit of the
material. The failure starts with the formation of pits which continue to grow resulting in the rupture of
the tooth surface.

In order to avoid the pitting, the dynamic load between the gear tooth should be less than the wear
strength of the gear tooth.

3. Scoring. The excessive heat is generated when there is an excessive surface pressure, high speed or
supply of lubricant fails. It is a stick-slip phenomenon in which alternate shearing and welding takes
place rapidly at high spots.

This type of failure can be avoided by properly designing the parameters such as speed, pressure and
proper flow of the lubricant, so that the temperature at the rubbing faces is within the permissible

limits.




4. Abrasive wear. The foreign particles in the lubricants such as dirt, dust or burr enter between the
tooth and damage the form of tooth. This type of failure can be avoided by providing filters for the
lubricating oil or by using high viscosity lubricant oil which enables the formation of thicker oil film
and hence permits easy passage of such particles without damaging the gear surface.

5. Corrosive wear. The corrosion of the tooth surfaces is mainly caused due to the presence of
corrosive elements such as additives present in the lubricating oils. In order to avoid this type of wear,

proper anti-corrosive additives should be used.

Helical Gears

Introduction

A helical gear has teeth in form of helix around the gear. Two such gears may be used to connect two
parallel shafts in place of spur gears. The helixes may be right handed on one gear and left handed on
the other. The pitch surfaces are cylindrical as in spur gearing, but the teeth instead of being parallel to
the axis, wind around the cylinders helically like screw threads. The teeth of helical gears with parallel
axis have line contact, as in spur gearing. This provides gradual engagement and continuous contact of
the engaging teeth. Hence helical gears give smooth drive with a high efficiency of transmission.

Terms used in Helical Gears

The following terms in connection with helical gears, as shown in Fig., are important from the subject
point of view.

1. Helix angle: It is a constant angle made by the helices with the axis of rotation.

2. Axial pitch: It is the distance, parallel to the axis, between similar faces of adjacent teeth. It is the
same as circular pitch and is therefore denoted by pc. The axial pitch may also be defined as the
circular pitch in the plane of rotation or the diametral plane.

3. Normal pitch: It is the distance between similar faces of adjacent teeth along a helix on the pitch
cylinders normal to the teeth. It is denoted by pN. The normal pitch may also be defined as the circular
pitch in the normal plane which is a plane perpendicular to the teeth. Mathematically, normal pitch,pN
=pccoslla

Helical gear




PART - A

1  What is a herringbone gear? Where it is used? (N/D 2009), (M/J 2012)
Herring Bone Gear :
The double helical gears connecting two parallel shafts are known as herringbone gears.They are

used in heavy machinery and gear boxes.

2 What is backlash in gears? (A/M 2008)
Backlash is the difference between the tooth space and the tooth thickness along the pitch circle.
3  What is the advantage of helical gear over spur gear? (A/M 2008)

e Helical gears produce less noise than spur gears.
o Helical gears have a greater load capacity than equivalent spur gears.
4 What are the common forms of gear tooth profile? (A/M 2010)
I.  Involute tooth profile, and
ii.  Cycloidal tooth profile.

5 Define — module. (A/M 2011)
Module:
It is the ratio of pitch circle diameter to the number of teeth.

6 How does failure pitting happen in gears? (N/D 2011)

Pitting is the process during which small pits are formed on the activate surfaces of gear tooth. It
is a surface fatigue failure which occurs when the load on the gear tooth exceeds the surface
endurance strength of the material.

7 What is the effect of increasing the pressure angle in gears? (N/D 2011)
The increase of the pressure angle results in a stronger tooth, because the tooth acting as a
beam is wider at the base.

8 What condition must be satisfied in order that a pair of spur gears may have a constant
velocity ratio? (M/J 2012)

The law of gearing states that for obtaining a constant velocity ratio, at any instant of teeth the
common normal at each point of contact should always pass through a pitch point (fixed point),
situated on the line joining the centre’s of rotation of the pair mating gears._

9  Define — pitch circle with reference to spur gears. (M/J 2011)
Pitch circle:

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

10 What are the materials used for gear manufacturing? (M/J 2011)
Metallic gears: Steel, cast iron, and bronze.

Non-metallic gears: Wood, rowhide, compressed paper and synthetic resins.
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Design Procedure of Spur Gear using Lewis - Buckingham Equations

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:
Step 9:
Step 10:

Step 11:

Step 12:

Section of materials (Same as life method) (PSGDB 1.40, 1.9)
Calculation of No. of teeth Assume Z; = 16 to 24 (if not given) and calculate
Zz = iZl

Calculation of tangential load F; Power x Ky

Velocity
where Ko = Service / Shock factor
Type of Load Ko
Steady 1.00
Light shock 1.25
Medium Shock 1.50
Heavy Shock 2.00

Calculate of initial dynamic load F4=FxC,
Calculate the beam strength Fs = (ob )byP. (PSGDB: 8.50)
Fs = mb(cyp )y
Fs > Fq
Calculation of Module.
Module is calculate by equating Fs & Fq
Calculate the face plate, PCD& Pitch line velocity of the pinion.
Recalculate Fs
Calculate the Buckingham dynamic load formula available in 8.51

Check for beam strength compare Fs and F4, Fs > F4 then the Gear tooth has
adequate beam strength and their not fail by percentage that is design is
satisfactory.

Fs < Fqthe design is not satisfactory then increase the face plate (or) module
(or) both until Fs > Fq4

Calculation of wear load (Fy)

Checking for wear compare dynamic load and wear load if F4 < F,, (or) Fy >
Fq, then the gear tooth have adequate wear capacity and it will not wear out




thus the design is satisfactory if not, increase the face plate (N) until the

condition satisfies.
Step 13:  Calculation of basic dimension of gears P.No. 8.22
Write the specification and draw a neat sketch
Note :

In Lewis Buckingham equation method the design should be based on weather element,
if the pinion and wheel are made up of same material then the pinion is weaker. If pinion and
wheel is made up of different materials then (o,) decides the weaker element. If (op)
allowable of pinion then the wheel is weather element and the design should be based on
wheel otherwise and life.

Design Procedure of Spur Gear using Lewis - Buckingham Equation

1. Design a spur gear drive to transmit 45 kW at a pinion of 800 rpm the velocity ratio is 3.5
both the pinion and wheel is made up of steel use beam strength to check the validity of your
design.

Given
Power P =45 kW
Pinion speed N =800 rpm
Velocity ratio i =35
Step 1: Section of materials

(Assume Cy4s Steel for both pinion and wheel)
Assuming module up to 6 mm
Gb = 1400 kgf/cm?
Step 2: Calculation of Z; & Z;

Assume Z, =18
Z; = 3.5x18
Zz = 63
Step 3: Calculation of tangential load
Fi =_ Power xKj (di=mZ,)
Velocity
ndin; nxmx18 x10° x 800

= = 0.754m m/s
60 60

Velocity =




Vi =0.754m m/sec
Assume Medium shock condition

Ko = 1.5
45 x10°
Fr = x 1.5
0.754 m
89.522 x10°
Ft = N
m

Step 4: Calculate of initial dynamic load (Fyq= FxC,)
Assuming Velocity Vi, = 5to 20 m/Sec,Vyn, =12 m/Sec

PSGDB 8.51) Cv =(6+Vn) /6
=6+12/6=3
I:d = th Cv
89.522 x 10°
Foa= %3
m

268.566 x 10°

Fd =
m
Step 5: Calculate the beam strength
Fs = (o )byPe
Pe = Circular Pitch = nd / z =P¢,= m (m=d/z)

Assume b/m 10, b =10m
From PSGDB-8.50 Y = 0.154 - (0.912/ Z) (for angle 20° involute)
Y =0.154 - (0.912/ 18)

Y =0.1033

F, =1400 x 10 x 102 x 10m x 0.1033 x m

F, = 454.34 m°N

Step 6: Calculation of Module
Equating Fs & Fq4
Fs = Fd

(From




454.34m? (268.56 x 10° )/ m
m* = (268.56 x 10° )/ 454.34
m = 8.392mm

get std m = 10mm

Step 7: Calculation of b, di, d, and v

b = 10 m
b = 10 x 10
= 100 mm
b = 100 mm
di = mZ;
= 10x 18
di = 180 mm
do = mZ,
= 10 x 63
do = 630 mm
Vm = 0.754 m
= 0.754 x 10
Vi = 7.54 m/Sec
Step 8: Recalculate Fs
Fs = 454.34 x 10°
Fe = 45.434 x 10°N
Fs = 45.43 KN

Step 9: Buckingham dynamic
Fa =F+ 0.164 Vi (Cb + Fy)

0.164 V, +1.485 Vcxb+ F)

F. = 89.52 x 10° =8.952 x 10°N
10
C =11860 e (from PSGDB -8.53, T-41 & T-42)
For carefully cut gear and module m = 10 mm

e =0.044
C =521.84 mm




V1=V, =7.54 x 60
=452.4 m/ min

Fq =8.952x10° + 0.164x452.4(521.8x10° x 100 x 10°® + 8.952x10°
0.164 x452.4+1.485v521.8x103x100 x 102 + 8.952x10°%

Fqs = 12045.84
Fa =12.045 x 10°N = 12.045 kN
Step 10: Check for beam strength
Fs = 45.43 KN Fg = 12.045 KN
The Condition to be satisfied Fs > Fyq

Here Fs > F4so design is satisfied

Step 11: Calculation of wear load (Fy)
d1QKkb
FW =
(From PSGDB- _ 2i . 2x35
8.51) Q= i+ 1 = 35+1
= 1.56

o Sin o ((1/E1) + (1/E2))

1.4
Assume o, = 5000 kgf/cm?
E1=E2=2.15 x 10° kgf/cm?

(5000) Sin 20 ((1/2.15%x10°) + (1/2.15x10%))

K =
1.4
K = 5.68 kgf/cm?
Fw =180 x 1.56 x 5.68 x10x 10 x 100
= 15.949 x 10°N
Fw = 15.949 kN
Step 12: Checking for wear

compare Fq < Fy




Fq =12.045 KN
Fw =15.949 KN
For Safe Design Fy, > Fq4

Here F, > F4 So design is safe

Step 13: Specification 8.22
Module (m) =10 mm
Centre distance (a) =m (z:+z,)/2 =10 x (18 + 63)/2 =405
Height Factor (f,) =1
Bottom Clearance (C) =0.25m
= 0.25x10

C =2.5mm

Tooth Depth (b) = 2.25 m = 2.25%10 =22.5mm

Pitch Dia (d) =d;=mz; =10%x18 =180 mm
d;=mz; =10 x 63 = 630 mm
Tip Dia dai= (Z1+ 2fy)
= 18+2x1=20mm
dax= (Z2+ 2f,)
= 63 + 2 x1 =65 mm
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PART - B (ADDITIONAL PROBLEMYS)

1. In a spur gear drive for a stone crusher, the gears are made of C40 steel. The pinion is
transmitting 30 kW at 1200 rpm. The gear ratio is 3. Gear is to work 8 hours per day, six days a
week and for 3 years. Design the drive. (A/M 2011)

2. A cast steel 24 teeth spur pinion operating at 1150 rpm transmit 3 kW to a cast steel spur
wheel. The gear ratio is 2.25. The tooth profile is 20° full depth involute. Design the gears and
stresses.

3. Design a spur gear drive to transmit 22.5 kW at 900 rpm. Speed reduction is 2.5. Materials for
pinion and wheel are C15 steel and cast iron grade 30 respectively. Take pressure angle of 20°
and working life of the gears as 10000 hrs.

4. Design a spur gear drive required to transmit 45 kW at a pinion speed of 800 rpm. The velocity
ratio is 3.5: 1. The teeth are 20° full depth involute with 18 teeth on the pinion. Both the pinion
and gear are made of steel with a maximum safe static stress of 180 N/mm? Assume medium
shock conditions.

5. Design a helical gear to transmit 15 kW at 1400 rpm to the following specifications: Speed
reduction is 3; Pressure angle is 20°; Helix angle is 15°, The material of both the gears is C45
steel. Allowable static stress 180 N/mm?; Surface endurance limit is 800 N/mm?; Young’s
modulus of material = 2x105 N/mm?®.

6. For intermittent duty of an elevator, two cylindrical gears have to transmit 12.5 kW at a pinion
speed of 1200 rpm. Design the gear pair for the following specifications: Gear ratio 3.5,
pressure angle 20°, involute full depth, helix angle 15°. Gears are expected to work 6 hours a
day for 10 years.

7. Design a straight spur gear drive. Transmitted power 8 KW. Pinion speed 764 rpm. Speed ratio
is 2. The gears are to be made of C45 steel. Life is to be 10000 hours. (M/J 2013)

8. Design a spur gear drive for a heavy machine tool with moderate shocks. The pinion is
transmitting 18 kW at 1200 rpm with a gear ratio of 3.5. Design the drive and check for elastic
stresses and plastic deformation. Make a sketch and label important dimensions arrived.

(M/J 2012)

9. Design a pair of helical gears to transmit 10 kW at 1000 rpm of the pinion. Reduction ratio of 5
is required. Give details of the drive in a tabular form. (M/J 2013)

10. A general purpose enclosed gear train is based on parallel helical gears, specified life is 36000
hours. Torque at driven shaft is 411 N-m. Driving shaft speed is 475 rpm. Velocity ratio is 4. It
is desired to have standard centre distance. Design the gear drive. (N/D 2011)




