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B.1 Spur Gears 

Gears accomplish several basic purposes. One is to provide me-
chanically interlocked, positive connection between two shafts, 
which can transmit torque from the driving shaft to the driven shaft, 
while another is to provide mechanical advantage, or change rota-
tional speed. One more specialized purpose is to change rotary 
motion into linear motion by means of a gear and a straight line of 
teeth machined into a rack.  

A pair of friction wheels of the same diameter is illustrated in 
Figure B.1-1. If the wheels are held together and one is driven, it 
will drive the other at exactly the same speed. On a friction wheel 
system, the relationships between speed, torque, contact force, and 
frictional driving force are quite simple. Wheels of similar diameter 
have similar rotational speeds, shaft torques, and contact and 
friction forces. If the size of one wheel is doubled, as shown in 
Figure B.1-2, the contact and friction forces must be the same at the 
point of contact for the forces to be balanced. Since force f is the 
same and the distance (or torque arm) to the center of the drive shaft 
is doubled on wheel 1, the shaft torque, which is equal to the torque 
arm times the applied force f, is also doubled on wheel 1. It may 
also be seen that since the circumference of a wheel is proportional 
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to its diameter (circumference = πd), the circumference change from 
wheel 2 to wheel 1 is also doubled. If wheel one is required to remain 
in contact with wheel 2, then for one revolution of wheel 2, wheel 1 
will turn only half of one revolution.  

Figure B.1-3 shows a simple friction wheel and rack system. If we 
assume wheel one is the tire on an automobile, then we can easily 
visualize this system's basic function. As wheel 1 turns through a 90° 
arc, the axle center moves forward so that R2 becomes a vertical line, 
and Point B comes into contact with the rack. If there is no slippage, 
the axle center will move horizontally through a distance equal to the 
arc length between points A and B. It may be readily seen that this 
distance is one quarter of the total circumference of the wheel. If we 
move through four such 90° arcs, we again have Point A in contact, 
having completed one revolution of wheel 1, and having moved a 
horizontal distance equal to the circumference of wheel 1.  

 

 

For movable bridges, the conditions are such that friction type systems 
as discussed above are impractical. Torques and loads are substantial, 
and a friction system might slip, leading to potentially disastrous results. 
Toothed gears function similarly to the above friction systems, except 
that the diameter used in the formulas would be the diameter (Dp) of the 
“pitch circle.” The pitch circle is the theoretical circle that rolls tangent 
to the pitch circle of a matched gear. It is roughly located at the mid 
height of spur teeth as shown in Figure B.1-4.  

Spur gears are cylinders with gear teeth cut into their circumference. 
The teeth are parallel to one another as well as to the axis of the 
cylinder. Two spur gears having the same size teeth will mesh 
together. The smaller of the two is usually called the pinion, and the 
larger one is called the gear. In most cases the pinion drives the gear; 
however, during braking, for instance, the gear drives the pinion. 
Sometimes, the pinion and the gear of the gear set are referred to as the 
“driver” and the “driven,” respectively. Figure B.1-4 shows a gear and 
pinion in proper mesh. Notice that their pitch circles are tangent.  

Pinions and gears are individual parts which are pressed or shrink 
fitted, and keyed onto separate shafts. However, sometimes for smaller 
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diameter pinions, the teeth may have been cut directly into the shaft, 
so that the pinion is integral with the shaft.  

On small gears the teeth appear to have a curved profile. On 
larger gears, the profile seems to flatten out, and approach a straight 
line. The tooth profile of a gear is thus a function of its pitch circle 
diameter. On most spur gears, this function is an involute curve. An 
involute curve is the shape traced by a point on a string as the string 
is unwound from a fixed base circle as shown in Figure B.1-5. The 
profile of a complete tooth consists of two identical, opposed 
involutes cut before the point of intersection so that the top is flat, 
Figure B.1-6.  
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Spur gear teeth of two different standard depths have typically 

been used in bridge machinery. These are known as stub and full 
depth teeth. As their names imply, these teeth differ in tooth height, 
or the depth of tooth from the tip to root. In most cases, the gears 
from the motor pinion to the last reduction before the rack pinion 
have full depth teeth, which is the case with newer movable bridges. 
In older bridges, however, stub tooth forms have been used for the 
rack and pinion. Correct tooth shape is an exacting part of gearing 
design, and is necessary to achieve smooth translation of the rotary 
motion, which, in gear terminology is known as conjugate action. 
The significance of the involute tooth profile is illustrated in Figure 
B.1-7. 

Two spur gears running together will have their pitch circles in 
contact at the pitch point. A line through the pinion center (0) and 
the gear center (0’) will pass through this point. As long as the teeth 
are in mesh, the points of contact between them are always in a 
straight line. This line is called the line of action and is tangent to 
the base circles of both the gear and pinion. If teeth are not cut to 
the proper involute shape, they will bind as they rotate into and out 
of the mating gear teeth. The pressure angle is the included angle 
between the line of action and a line tangent to the pitch circles at 
the pitch point, Figure B.1-7. The pressure angle is a measure of 
how steep the faces of a gear tooth are. Standard involute gears on 
bridge machinery usually have pressure angles of 14½° or 20°. 

Figure B.1-8 denotes the various parts of a spur gear tooth. It is 
recommended that inspectors use this identification terminology 
when reporting about gear teeth. 
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B.2 Spur Racks  

A spur rack is a flat, straight bar that has teeth machined into it, as seen 
in Figure B.2-1. It may be thought of as a gear segment having an 
infinite pitch radius. A section of such a gear would be perfectly 
straight; consequently, a rack tooth profile would be the involute of a 
base circle having an infinite radius. Since such an involute would be a 
straight line, racks have straight sided teeth. Many bridge applications 
require large radius gear segments. Swing span bridge racks and 
trunnion bascule bridge racks are examples. Any involute gear having a 
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large pitch radius will have nearly straight sided teeth. Years ago, in 
order to simplify manufacturing, many large diameter gears were made 
with straight sided teeth and referred to as “curved racks.” Today, 
however, even the largest diameter gears used in bridge machinery 
have accurately finished, involute tooth forms. The term “rack” 
continues to be used to identify such large diameter gears and gear 
segments, whether the teeth have curved or straight profiles.  

 

B.3 Bevel Gears  

Bevel gears are used to transmit rotation from one shaft to a 
nonparallel shaft; perpendicular shafts, or shafts at 90° to each other, 
are most common. The basic shape of bevel gears is conical, rather 
than cylindrical, and the teeth are tapered with the large end being at 
the maximum diameter of the cone. Actually only a portion of the 
cone, called a frustum, is used since it would be difficult to cut teeth at 
the pointed end and those teeth would have little strength to transmit 
usable power. Bevel gear teeth have an involute profile similar to spur 
gears.  

Figure B.3-l shows a pair of bevel gears in mesh. Notice that both 
members are the same size, having the same number of teeth. Speed 
reduction does not occurs with this gear set. Bevel gear sets such as 
this, having a ratio of 1:1, are commonly called miter gears. Most 
bevel gears in bridge machinery service have a ratio greater than 1:1.  
Typical uses of bevel gears on movable bridges include driving the 
vertical rack pinion shafts on swing spans from the horizontal transverse 
shafts, driving the span position indicators from the trunnion end on 
bascules, and driving various rotary switches and other electrical 
devices on all types of movable bridges. 
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B.4 Formulas and Symbols  

Figure B.4-1 illustrates a spur gear and spur rack. This figure is the 
reference diagram for defining various tooth parts necessary for 
measuring and determining tooth wear.  

Pitch: The standard measure of gear tooth size in the English system 
is diametral pitch (P), although another means is also used and is 
called circular pitch (p). Circular pitch is the distance along the pitch 
circle or pitch line between corresponding points on adjacent teeth. For 
instance, if the distance along the pitch circle from the center of one 
tooth to the center of an adjacent tooth is 3 IN, then the gear has a 
circular pitch of 3 IN. Given the number of teeth (N) and the pitch 
diameter of a gear (Dp), or pinion (dp), the circular pitch can be 
determined using the following formula:  

 

 
 

Diametral pitch is simply the number of teeth per inch of pitch 
diameter:  

 
CB.4  

In addition to thinning of gear teeth, or 
gear and pinion teeth, some gear sets had 
backlash provided by extending the center 
distance a sufficient amount, and neither the 
gear nor thepinion was thinned. 
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From these two equations, it may be determined that circular pitch and 
diametral pitch have an inverse relationship:  

 
Note: All tables used in the following calculations are provided at 

the end of this Appendix (Pages B-17 to B-19). The tables used in this 
Manual are based on diametral pitch. Circular pitch dimensions must 
be converted to the diametral pitch system in order to use them. Table 
B.4-1 gives standard circular pitch dimensions for most gears used in 
bridge machinery. The equivalent diametral pitch is listed in column 2. 
Diametral pitch values for circular pitches not listed in Table B.4-1 
may be calculated using Equation 3.  

Addendum (a): The height by which a tooth projects beyond the 
pitch circle or pitch line; also, the radial distance between pitch circle 
and the addendum circle, or outside diameter.  

Backlash (BL): The amount of space between meshing teeth. 
Backlash is an elusive and inconsistent entity as there is no standard 
for the amount of backlash required for a given size gear set.  

A common way of providing backlash is to cut the gear teeth thinner 
than their calculated thickness. This is illustrated in Figure B.4-2. The 
gear teeth are selected since they are stronger than the pinion teeth. 
However, this practice is not followed by all manufacturers, and 
frequently both the pinion and gear teeth are thinned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

The tables and examples provided in this 
appendix are in the customary U.S. units. 
Equivalent S.L version of the tables are being 
generated by AGMA and ANSI, and can be 
obtained from them.  
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Table B.4-3 lists nominal backlash values for spur gears based upon 
center distance and diametral pitch. The center distance of a gear set 
may be calculated using the following formula:  

 
Without further data, the average value of the two amounts given 

should be used as the assumed original backlash. This will normally be 
sufficiently accurate for determination of gear tooth wear.  

 
Dedendum (b): The depth of a tooth space below the pitch circle or 

pitch line; also, the radial distance between the pitch circle and the root 
circle.  

Center distance (CD): The distance between parallel axes of spur 
gears; also, the distance between the centers of pitch circles.  

Circular thickness (tp for pinions, tg for gears): The tooth thickness 
taken at the pitch circle.  

Clearance (c): The amount by which the dedendum in a given gear 
exceeds the addendum of its mating gear; also, the radial distance from 
the root circle to the tip of the mating tooth.  

Outside diameter (do for pinions, Do for gears): The outside 
diameter of a pinion or gear, also, equal to the sum of the pitch 
diameter plus two times the addendum.  

Pressure angle (PA): The slope of the tooth at the pitch circle 
position.  

Working depth (hk): The depth of engagement of mating teeth, that 
is, the sum of their operating addendums.  

Whole depth (ht): The total depth of a tooth space, equal to the 
addendum plus dedendum, also equal to the working depth plus the 
clearance.  

It is impractical to measure the actual circular tooth thickness along 
the pitch circle. Therefore, straight line or chordal dimensions are used 
when measuring gear teeth. Figure B.4-3 shows the relationship 
between circular and chordal tooth parts.  

Chordal thickness (tc): The straight line distance taken between the 
points on the tooth faces intersected by the pitch circle.  

Chordal addendum (ac): The radial distance from the chordal 
thickness line to the tip.  
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EXAMPLES  
The following examples illustrate how to calculate chordal tooth 
dimensions for gear teeth having standard full depth, stub, modified 
addendum and bevel tooth forms, and include both vernier tooth caliper 
and span vernier tooth calculations.  

Note: Since most of the existing gears are designed in the U.S. 
customary units, the calculations below are also presented in the same 
units. If needed, similar calculations can be performed in SI units.  

Example 1.  Determine the chordal addendum and chordal tooth 
thickness of the following full depth spur gear set.  

Pinion: N = 14 teeth Gear: N = 69 teeth 
 p = 2" circular pitch   p = 2" circular pitch 
 dp = 8.913" pitch diameter   Dp = 43.9" pitch diameter  

Convert the circular pitch to diametral pitch using Table B.4-1. 
2" circular pitch (P) = 1.5708" diametral pitch (P)  

Table B.4-2 gives the chordal thickness and addendum for a 1 P 
standard, full depth tooth. Locate the number of teeth (N) and read the tc 
and ac values. Now, since these values are for a 1 P tooth, they should be 
divided by the diametral pitch of the gear or pinion being calculated.  

 
Pinion:  
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Gear:  
 
The procedure is the same for the mating gear, except that backlash 

should be taken into consideration. Calculate the center distance, using 
Equation 4, and select the average backlash for the center distance and 
diametral pitch from Table B.4-3.  

 

 
 

Many bridges, particularly older ones, have 20° stub tooth pinions and 
gears. Since stub teeth are shorter than full depth teeth, they have 
shorter addendums (a). Addendum values for full depth, AGMA stub 
and Nuttal stub teeth are given in Table B.4-4. Although the 
addendums of stub teeth are less than those of corresponding pitch full 
depth teeth, the tooth thicknesses are the same at the pitch circles and 
other points along the tooth profile at similar distances from the pitch 
circles.  

Example 2. Calculate the chordal dimensions for the following 
AGMA 20 ̊stub tooth gear set.  

Pinion: N = 18 teeth Gear: N = 52 teeth 
 p = 0.75"   p = 0.75"  
 dp = 24"   Dp = 69.3333"  

Pinion:  

First, find the difference between the true addendum of the stub 
tooth and the true addendum of the corresponding full depth gear using 
Table B.4-4.  

 
a (full depth) – a (stub) = 1.3333 – 1.0667 = 0.267" 
 
Determine the chordal addendum of the full depth pinion tooth with 

the same pitch and number of teeth as the stub tooth, and subtract 
0.267 IN from it.  

 
Since the chordal thickness of the stub tooth pinion is the same as 

that for the corresponding full depth pinion, the tc calculation is the 
same as outlined in Example 1.  
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Calculations for the gear are the same as performed on the pinion, 
but should include adjustment for backlash by subtracting the BL from 
the calculated chordal tooth thickness, as shown in Example 1. If the 
gear set had Nuttal stub teeth, the same procedure would be followed 
using the addendum values for Nuttal teeth.  

Note: It is not necessary to know the pressure angle to calculate the 
true and chordal addendum and tooth thickness, since those values are 
independent of the pressure angle.  

Example 3. Determine the span dimensions for the following spur 
gear set.  

Pinion: N = 17 teeth Gear: N = 96 teeth  
 P = 5 diametral pitch  P = 5 diametral pitch  
 dp = 3.400"  Dp = 19.200"  
 PA = 14.5 degrees  PA = 14.5 degrees  

 
The number of teeth (k) over which the span measurement is to be 

taken depends upon the total number of teeth in the full pinion or gear. 
These values are given in Table B.4-5. Notice that the numbers may be 
different for 14½° and 20° PA teeth. Table B.4-6 lists the span 
dimensions (M) for a 1 P pinion or gear. To obtain the corresponding 
dimensions for other pitches, divide these values by the actual 
diametral pitch. Both Tables B.4-5 and B.4-6 may be used for full 
depth and stub teeth.  

From Table B.4-5, obtain the number of teeth for the span mea-
surement: 

  
k (pinion) = 2 teeth k (gear) = 8 teeth  
 
From the span dimensions in Table B.4-6, calculate the required 

values:  
 

 
The amount, by which the gear tooth was thinned, 0.025", to provide 

for backlash, was calculated the same way as in Example 1.  
With the standard addendum gearing, the gear teeth are stronger than 

the pinion teeth. In order to attain a better strength balance between 
them, engineers frequently used modified addenda gearing: the pinion 
addenda is increased by a predetermined amount and the gear addenda 
is shortened by the same amount. This is illustrated in Figure B.4-4.  
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When modified addendum gearing is used, there are an infinite number 
of possible chordal and span dimensions and it is impractical to chart 
them. Therefore, dimensions should be calculated from the following 
formulas. All symbols with a prime (9) designate dimensions modified 
by changing the addendum. Hence, Do9 is the outside diameter of a 
gear having a modified addendum.  

 

Example 4.  Find the chordal and span dimensions for the following 5 
diametral pitch, 20° pressure angle full depth spur gear set having 
modified addenda. 

Pinion: N = 14 teeth Gear: N = 69 teeth 
  do = 3.4"  Do = 14" 
 dp = 2.8"  Dp = 13.8"  
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To calculate the span dimensions for modified addendum gears, find 

the value of k from Table B.4-5 and use one of the following formulas:  
 

 
 
The procedure for calculating the chordal and span dimensions for 

the mating gear is identical, but remember to subtract the backlash 
from the chordal tooth thickness.  

Example 5.  Determine the chordal dimensions for the pinion of a 5 P, 
20° PA bevel gear set having a 90° shaft angle:  

 
Pinion: N = 20 teeth Gear: N = 40 teeth 

  dp = 4"   Dp = 8"  
 
Except for the chordal addendum the formulas for calculating tooth 

proportions of standard addendum, 90° straight bevel gears are 
identical to those for spur gears.  
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Table B.4-2 may be used to determine the chordal tooth thickness (tc) 
in the same way as in previous examples. Remember this is the 
thickness at the large end of the tooth.  

The following formula is used to calculate the chordal addendum at 
the large end of 90° straight bevel teeth; Nm is the number of teeth in 
the mating gear or pinion:  

 
Span measurements are not used when measuring bevel gears since 

the teeth are cut into conical surfaces and the measurements would be 
inaccurate. Means of calculating tooth dimensions of bevel gears 
having modified addenda or shaft angles other than 90° is beyond the 
scope of this Manual.  

 
Using Table B.4-3 to calculate tc: 
 

     
 
Solve for ac using Equation 11:  
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