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Introduction to Gear Meshing

Figure 1 shows the teeth of two engaged gears and Figure 2 shows a detail of spur gear teeth,
illustrating the main features. The most important of these features for specifying gears are in the
Gear Nomenclature below.
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PITCH CIRCLE is the circle derived from a number of teeth
and a specified diametral or circular pitch. Circle on which
spacing or tooth profiles is established and from which the
tooth proportions are constructed.

PITCH CYLINDER is the cylinder of diameter equal to the
pitch circle.

PINION is a machine part with gear teeth. When two gears
run together, the one with the smaller number of teeth is called
the pinion.

PITCH DIAMETER (D) is the diameter of the pitch circle. In
parallel shaft gears, the pitch diameters can be determined
directly from the center distance and the number of teeth.

PRESSURE ANGLE (ø) is the angle at a pitch point between
the line of pressure which is normal to the tooth surface, and the
plane tangent to the pitch surface. In involute teeth, pressure
angle is often described also as the angle between the line of
action and the line tangent to the pitch circle. Standard pressure
angles are established in connection with standard gear-tooth
proportions.

ROOT DIAMETER (Dr) is the diameter at the base of the tooth
space.

PRESSURE ANGLE—OPERATING (ør) is determined by the
center distance at which the gears operate. It is the pressure
angle at the operating pitch diameter.

TIP RELIEF is an arbitrary modification of a tooth profile
whereby a small amount of material is removed near the tip of
the gear tooth.

UNDERCUT is a condition in generated gear teeth when any
part of the fillet curve lies inside a line drawn tangent to the
working profile at its point of juncture with the fillet.

WHOLE DEPTH (ht) is the total depth of a tooth space, equal
to addendum plus dedendum, equal to the working depth plus
variance.

WORKING DEPTH (hk) is the depth of engagement of two
gears; that is, the sum of their addendums.
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Figure 1: View of two meshed gears [3] showing main terminology and the line of action along
which the contact point travels.

Gear nomenclature

• b = face width (Fig. 2), equal to gear thickness for spur gears.
• P = diametral pitch (sometimes just “Pitch”), the number of teeth per inch of diameter.
• N = 2Prp = total number of teeth around the gear.
• φ = pressure angle of the line of action (Fig. 1), often 22◦ in modern gears.
• Pb = π cosφ/P = base pitch, number of teeth per inch of base circle.
• rp = pitch radius, of the pitch circle (Fig. 1) and the working radius of the gear (1/2 the pitch

diameter).
• rb = rp cosφ = base radius, of base circle (circle from which the line of action unwinds).
• ra = addendum radius, of addendum circle (outer circle that circumscribes the gear).

Note: ra = (N + 2)/(2P ) with standard tooth profiles.
• C = rp1 + rp2 = center distance for two gears.

Most modern gearing is based on the involute profile, credited to Euler[4, 6]. It has the property
that the contact point between two teeth travels at a constant velocity along the line of action,
which runs from the base circle of one gear to the other. Animations of meshing gears are visible
at [5, 6, 7], which show the line of action. The angle of the line of action is the pressure angle, φ,
and accounts for the side effect that gears produce opposing radial forces as they transmit torque.
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Figure 2: detail of gear teeth

For a demonstration of how to construct an involute profile, see the video on the ME112 course
website [1] (suggested viewing speed = 1.5x).

Speed and torque ratios

When choosing gears, the starting point is usually to determine the desired speed ratio. Going
from a small gear to a large one (rp1 < rp2) will reduce speed, ω, and increase torque, τ :

ω2/ω1 = rp1/rp2 = N1/N2 and τ2/τ1 = rp2/rp1 = N2/N1

Note that gears with a lower, or “coarser” diametral pitch, P , will be larger for a given number of
teeth. Sometimes it is also desirable to know the tangential velocity of the gear teeth: V = rpω.
Note that for English-unit gears, the velocity is frequently specified in terms of feet/minute.

For more on gear ratios, including the effects of multiple gears in series or compound gear trains,
see the video on the ME112 course website [2] (again, view @1.5x).

Some remaining questions in selecting gears are: how many teeth the should the gears have,
what materials should they be made from, and what should their face width, b, be? To answer
these questions, one needs to look at the strength of the gear teeth in comparison to the expected
loads. This topic is covered in the next lecture.

Contact ratio

For smooth action and durability, it is desirable if more than one pair of teeth are in contact at all
times when the gears mesh. The corresponding metric is the Contact Ratio:

CR =
distance each contact point travels along line of action

distance between contact points on line of action

The numerator is a distance, L1 + L2, shown in Fig. 3. The denominator is a function of the
pitch (the lower, or coarser, the pitch, the fewer teeth per unit length).
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Figure 3: Contact ratio explanation: (left) Distance that contact point travels along line of action
depends on the addendum and base radii: ra and rb. (right) Total length is the sum of two line
segments, L1 +L2. L1, shown in diagram, can be computed knowing ra1, rp1 and ψ, using the law
of cosines; L2 is similar.

With some trigonometry, the contact ratio can be expressed as:

CR =

√
r2a1 − r2b1 +

√
r2a2 − r2b2 − C sinφ

Pb
(1)

where C = rp1 + rp2 is the center distance, φ is the pressure angle, and Pb = π cosφ/P is the base
pitch. In general, we want CR > 1, which is often true if the smaller gear has at least 12 teeth.
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