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Outline

• Types of Gear
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• Basic Gear Concepts
• Gear Trains
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Functions of a Gear

• Power transmission
• Change rotational speed/torque
• Maintain constant speed ratio
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Types of Gears
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Gear Box
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Type of GearsTypes of Gears 

Spur Helical 

Bevel Worm 
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Nomenclature
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Line of Action
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Involute Profile
• When the tooth profiles are 

designed so as to produce a 
constant angular- velocity ratio 
during meshing, these are said 
to have conjugate action

• Involute profile is required for 
conjugate action

• Formed by unwrapping a 
tangent chord from the base 
circle

678 Mechanical Engineering Design
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Figure 13–7
(a) Generation of an involute;
(b) involute action.

13–4 Involute Properties
An involute curve may be generated as shown in Fig. 13–7a. A partial flange B is
attached to the cylinder A, around which is wrapped a cord def, which is held tight. Point b
on the cord represents the tracing point, and as the cord is wrapped and unwrapped about
the cylinder, point b will trace out the involute curve ac. The radius of the curvature
of the involute varies continuously, being zero at point a and a maximum at point c. At
point b the radius is equal to the distance be, since point b is instantaneously rotating
about point e. Thus the generating line de is normal to the involute at all points of inter-
section and, at the same time, is always tangent to the cylinder A. The circle on which
the involute is generated is called the base circle.

Let us now examine the involute profile to see how it satisfies the requirement for
the transmission of uniform motion. In Fig. 13–7b, two gear blanks with fixed centers
at O1 and O2 are shown having base circles whose respective radii are O1a and O2b.
We now imagine that a cord is wound clockwise around the base circle of gear 1, pulled
tight between points a and b, and wound counterclockwise around the base circle of
gear 2. If, now, the base circles are rotated in different directions so as to keep the cord
tight, a point g on the cord will trace out the involutes cd on gear 1 and ef on gear 2.
The involutes are thus generated simultaneously by the tracing point. The tracing point,
therefore, represents the point of contact, while the portion of the cord ab is the gener-
ating line. The point of contact moves along the generating line; the generating line
does not change position, because it is always tangent to the base circles; and since the
generating line is always normal to the involutes at the point of contact, the requirement
for uniform motion is satisfied.

13–5 Fundamentals
Among other things, it is necessary that you actually be able to draw the teeth on a pair
of meshing gears. You should understand, however, that you are not doing this for man-
ufacturing or shop purposes. Rather, we make drawings of gear teeth to obtain an under-
standing of the problems involved in the meshing of the mating teeth.
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Figure 13–8
Construction of an involute
curve. 

First, it is necessary to learn how to construct an involute curve. As shown in
Fig. 13–8, divide the base circle into a number of equal parts, and construct radial lines
O A0, O A1, O A2, etc. Beginning at A1, construct perpendiculars A1B1, A2 B2, A3 B3,
etc. Then along A1B1 lay off the distance A1A0, along A2 B2 lay off twice the distance
A1A0, etc., producing points through which the involute curve can be constructed.

To investigate the fundamentals of tooth action, let us proceed step by step through
the process of constructing the teeth on a pair of gears.

When two gears are in mesh, their pitch circles roll on one another without slip-
ping. Designate the pitch radii as r1 and r2 and the angular velocities as ω1 and ω2,
respectively. Then the pitch-line velocity is

V = |r1ω1| = |r2ω2|

Thus the relation between the radii on the angular velocities is
∣∣∣∣
ω1

ω2

∣∣∣∣ = r2

r1
(13–5)

Suppose now we wish to design a speed reducer such that the input speed is 1800
rev/min and the output speed is 1200 rev/min. This is a ratio of 3:2; the gear pitch diam-
eters would be in the same ratio, for example, a 4-in pinion driving a 6-in gear. The
various dimensions found in gearing are always based on the pitch circles.

Suppose we specify that an 18-tooth pinion is to mesh with a 30-tooth gear and that
the diametral pitch of the gearset is to be 2 teeth per inch. Then, from Eq. (13–1), the
pitch diameters of the pinion and gear are, respectively,

d1 = N1

P
= 18

2
= 9 in d2 = N2

P
= 30

2
= 15 in

The first step in drawing teeth on a pair of mating gears is shown in Fig. 13–9. The cen-
ter distance is the sum of the pitch radii, in this case 12 in. So locate the pinion and gear
centers O1 and O2, 12 in apart. Then construct the pitch circles of radii r1 and r2. These
are tangent at P , the pitch point. Next draw line ab, the common tangent, through the
pitch point. We now designate gear 1 as the driver, and since it is rotating counter-
clockwise, we draw a line cd through point P at an angle φ to the common tangent ab.
The line cd has three names, all of which are in general use. It is called the pressure
line, the generating line, and the line of action. It represents the direction in which the
resultant force acts between the gears. The angle φ is called the pressure angle, and it
usually has values of 20 or 25◦, though 14 1

2
◦

was once used.
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Definitions

• Diametral pitch, P = N/D

• Module M is reciprocal of P = D/N

• Circular pitch = pM (arc on pitch circle from flank of one tooth 
to other tooth)

• Base pitch = Pb = pM cosf (base circle rb=r cosf)
• Addendum = M

• Dedendum = 1.157 M/1.250M/1.400M

• Clearance = Dedendum-addendum

• M, N, f are required for characterization

ME 338: Manufacturing Processes II
Instructor: Ramesh Singh
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Standardized Tooth Systems
• Common pressure angles f:20oand 25o

• Older pressure angle: 14 1⁄2o

• Common face width:

12

Standardized Tooth Systems: AGMA Standard 

y Common pressure angles  : 20º and 25º 
y Older pressure angle: 14 ½º 
y Common face width: 

 

Shigley’s Mechanical Engineering Design 
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Fundamental Law of Gearing
• The common normal of the tooth profiles at all points within 

the mesh must always pass through a fixed point on the line 
of the centers called pitch point. Then the gearset’s velocity 
ratio will be constant through the mesh and be equal to the 
ratio of the gear radii.
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Gear Kinematics
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Gear Ratio
• VP of both gears is the same at point P, the pitch (circle 

contact) point
• !" = #1$1=#2$2
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Gear Ratio 
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VP of both gears is the same at point P, the pitch (circle contact) point 
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Simple Gear Trains
• For a pinion 2 driving a gear 3, the speed of the driven gear is 
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Simple Gear Trains 

y For a pinion 2 driving a gear 3, the speed of the driven gear is  

Shigley’s Mechanical Engineering Design 

n2 =Ȧ2 

n3 =Ȧ3 
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N3 N2 

VP 

698 Mechanical Engineering Design

Lead Angle !, Pressure Angle Addendum Dedendum
deg !n, deg a bG

0–15 14 1
2 0.3683px 0.3683px

15–30 20 0.3683px 0.3683px

30–35 25 0.2865px 0.3314px

35–40 25 0.2546px 0.2947px

40–45 30 0.2228px 0.2578px

Table 13–5

Recommended Pressure
Angles and Tooth
Depths for Worm
Gearing

as for spur gears. Though there will be exceptions, the face width of helical gears should
be at least 2 times the axial pitch to obtain good helical-gear action.

Tooth forms for worm gearing have not been highly standardized, perhaps because
there has been less need for it. The pressure angles used depend upon the lead angles
and must be large enough to avoid undercutting of the worm-gear tooth on the side at
which contact ends. A satisfactory tooth depth, which remains in about the right pro-
portion to the lead angle, may be obtained by making the depth a proportion of the axial
circular pitch. Table 13–5 summarizes what may be regarded as good practice for pres-
sure angle and tooth depth.

The face width FG of the worm gear should be made equal to the length of a tangent
to the worm pitch circle between its points of intersection with the addendum circle, as
shown in Fig. 13–25.

13–13 Gear Trains
Consider a pinion 2 driving a gear 3. The speed of the driven gear is

n3 =
∣∣∣∣

N2

N3
n2

∣∣∣∣ =
∣∣∣∣
d2

d3
n2

∣∣∣∣ (13–29)

where n = revolutions or rev/min

N = number of teeth

d = pitch diameter

Equation (13–29) applies to any gearset no matter whether the gears are spur, helical,
bevel, or worm. The absolute-value signs are used to permit complete freedom in choos-
ing positive and negative directions. In the case of spur and parallel helical gears, the
directions ordinarily correspond to the right-hand rule and are positive for counter-
clockwise rotation.

Rotational directions are somewhat more difficult to deduce for worm and crossed
helical gearsets. Figure 13–26 will be of help in these situations.

The gear train shown in Fig. 13–27 is made up of five gears. The speed of gear 6 is

n6 = − N2

N3

N3

N4

N5

N6
n2 (a)

Hence we notice that gear 3 is an idler, that its tooth numbers cancel in Eq. (a), and
hence that it affects only the direction of rotation of gear 6. We notice, furthermore, that

FG

Figure 13–25
A graphical depiction of the
face width of the worm of a
worm gearset.

bud29281_ch13_673-732.qxd  12/18/09  4:07 PM  Page 698 epg Disk1:Desktop Folder:TEMPWORK:Don't-Delete Jobs:MHDQ196/Budynas:



ME 423: Machine Design
Instructor: Ramesh Singh

Simple Gear Trains
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Simple Gear Trains (Gear 2 to Gear 4) 

Shigley’s Mechanical Engineering Design 

Fig. 13–27 
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Gear Trains
• A practical limit on train value for one pair of gears is 10 to 1 
• To obtain more, compound two gears onto the same shaft 
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Compound Gear Train 

y A practical limit on train value for one pair of gears is 10 to 1 
y To obtain more, compound two gears onto the same shaft 

Shigley’s Mechanical Engineering Design 

Fig. 13–28 
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Compound Gear Trains

19

Compound Gear Trains 
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Example Problem
• A gearset consists of a 16-tooth pinion driving a 40-tooth gear. 

The diametral pitch is 2, and the addendum and dedendum 
are 1/P and 1.25/P, respectively. The gears are cut using a 
pressure angle of 20deg

• (a) Compute the circular pitch, the center distance, and the 
radii of the base circles. (b) In mounting these gears, the 
center distance was incorrectly made 1/4 in larger. Compute 
the new values of the pressure angle and the pitch-circle 
diameters. 
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Solution

Gears—General 683

Thus the pitch circles of gears really do not come into existence until a pair of gears are
brought into mesh.

Changing the center distance has no effect on the base circles, because these were
used to generate the tooth profiles. Thus the base circle is basic to a gear. Increasing the
center distance increases the pressure angle and decreases the length of the line of
action, but the teeth are still conjugate, the requirement for uniform motion transmis-
sion is still satisfied, and the angular-velocity ratio has not changed.

EXAMPLE 13–1 A gearset consists of a 16-tooth pinion driving a 40-tooth gear. The diametral pitch is 2,
and the addendum and dedendum are 1/P and 1.25/P , respectively. The gears are cut
using a pressure angle of 20◦.
(a) Compute the circular pitch, the center distance, and the radii of the base circles.
(b) In mounting these gears, the center distance was incorrectly made 1

4 in larger.
Compute the new values of the pressure angle and the pitch-circle diameters.

Solution

Answer (a) p = π

P
= π

2
= 1.57 in

The pitch diameters of the pinion and gear are, respectively,

dP = 16
2

= 8 in dG = 40
2

= 20 in

Therefore the center distance is

Answer
dP + dG

2
= 8 + 20

2
= 14 in

Since the teeth were cut on the 20◦ pressure angle, the base-circle radii are found to be,
using rb = r cos φ ,

Answer rb (pinion) = 8
2

cos 20◦ = 3.76 in

Answer rb (gear) = 20
2

cos 20◦ = 9.40 in

Pitch circle

Base circle

!2
Base
circle

Pitch circle

Pressure line

Dedendum
circle

Addendum
circle

3

2

!3

O2

Figure 13–14
Internal gear and pinion.
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Solution
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Figure 13–15
Definition of contact ratio.

(b) Designating d ′
P and d ′

G as the new pitch-circle diameters, the 1
4 -in increase in the

center distance requires that

d ′
P + d ′

G

2
= 14.250 (1)

Also, the velocity ratio does not change, and hence

d ′
P

d ′
G

= 16
40

(2)

Solving Eqs. (1) and (2) simultaneously yields

Answer d ′
P = 8.143 in d ′

G = 20.357 in

Since rb = r cos φ , the new pressure angle is

Answer φ′ = cos−1 rb (pinion)

d ′
P/2

= cos−1 3.76
8.143/2

= 22.56◦

13–6 Contact Ratio
The zone of action of meshing gear teeth is shown in Fig. 13–15. We recall that tooth
contact begins and ends at the intersections of the two addendum circles with the pressure
line. In Fig. 13–15 initial contact occurs at a and final contact at b. Tooth profiles drawn
through these points intersect the pitch circle at A and B, respectively. As shown, the dis-
tance AP is called the arc of approach qa , and the distance P B, the arc of recess qr . The
sum of these is the arc of action qt .

Now, consider a situation in which the arc of action is exactly equal to the circular
pitch, that is, qt = p. This means that one tooth and its space will occupy the entire arc
AB. In other words, when a tooth is just beginning contact at a, the previous tooth is
simultaneously ending its contact at b. Therefore, during the tooth action from a to b,
there will be exactly one pair of teeth in contact.

Next, consider a situation in which the arc of action is greater than the circular
pitch, but not very much greater, say, qt

.= 1.2p. This means that when one pair of teeth
is just entering contact at a, another pair, already in contact, will not yet have reached b.
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