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Example:

If the gears in the example on the previous page were made from 303S31

Fbs = 151.5 x 0.43 = 65.1N

Fbw = 99.5 x 0.15 = 14.9N

The application factors should be applied after the reduction for material.

Geometry factor, Strength (J), 20º spur
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Instrumentation and Feedback Systems

Gears and components designed for the precise transmission of angular position generally work

at the low torque levels normally associated with servo components such as synchros, resolvers,

optical encoders etc. Tooth loads of 1.2N per mm face width should result in an adequate

accurate life. Higher loads will tend to increase deflections of gear teeth, shafts, bearings etc,

resulting in significant values of lost motion and a decrease in life.

eg. To find the maximum advisable torque on a gear 40mm diameter x 3mm face width.

Torque = force x radius = 1.2 x 3 x 0.04/2 = 0.072Nm (10oz.in.)

Anti-backlash Gear Spring Tension

In order for anti-backlash gears to function as anti-backlash devices, it is necessary to ensure

that the spring tension will provide sufficient torque to overcome the friction and acceleration

torque in the system, i.e. the spring torque must be capable of driving/accelerating the gear train

and any associated components.

The spring tension capability of anti-backlash gears listed in this catalogue will adequately cope

with the low torques normally encountered.

As a general guide, torque settings on anti-backlash gears of 108 to 180 gmcm (1.5 to 2.5 oz.in.)

will suffice in most applications. Ideally the spring torque should be set to the minimum at which

the anti-backlash gear performs satisfactory, thus avoiding unnecessary high preload on the gear

teeth and premature wear.

6. Lost Motion and Backlash Control

The following section deals with lost motion, which we know to be one of the basic problems in

designing fine pitch gear trains. The accepted definition of lost motion is the amount by which the

output shaft may be turned without turning the input shaft.

It may be thought that lost motion is a function of the gear cutting operation alone, but, in fact the

teeth of the gears may contribute very little to the overall lost motion value. A complete

understanding of all the elements which induce lost motion is essential in order to achieve a well

designed gear train. The following factors must be individually considered for their own

contribution to overall lost motion in the gear train.

(a) Nominal centre distance.

(b) Centre distance tolerance.

(c) Size and tolerance of mating gears.

(d) Total composite error of gears.

(e) Fits between bores, shafts and bearings.

(f) Bearing accuracy (class).

(g) Radial play of bearings.

(h) Shaft straightness and alignment.

(i) Fits between electrical and/or mechanical component spigot diameters,

and housing bores.
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(j) Eccentricity and radial play of electrical and/or mechanical component

shafts.

(k) Torsional elasticity.

(l) Differential expansion.

Each of the above, except nominal centre distance, tend to induce a change in centre distance

which will push together or pull apart the mating gears. This push-pull action produces two

backlash values, minimum at the point of the tightest mesh, and maximum at the point of loosest

mesh.

a) Calculation of Nominal Centre Distance

Nominal centre distance can be considered as the starting point in the calculation of overall

backlash values. Nominal centre distance is calculated by taking half the sum of the (theoretical)

pitch diameters of the mating gears.

(b) Centre Distance Tolerance

Centre distance tolerance is an extremely important area for consideration. Any increase in

centre distance in excess of the nominal value will increase the backlash. A decrease in nominal

centre distance will decrease the backlash. In this case caution must be exercised to avoid

interference between mating gears as a result of this decrease.

The relationship between centre distance change to backlash for 20º PA spur gear is given by:

Note: Maximum Angular Backlash = Maximum Circumferential Backlash x 57.3 x 60

(minutes of arc) Pitch Circle Radius

7. Gear Error

The error function of a gear is approximately sinusoidal and for practical considerations can be

assumed to be so. The first derivative of the time displacement curve yields the velocity function,

therefore, the output velocity variable will also be an approximate sinusoid but the maximum

velocity error will be displaced 90º from the maximum position error.

In summation, pitch circle runout will cause a sinusoidal error which is revealed as an output

transmission error when meshed with a mating gear. The magnitude is given by the following

example:

In the example on page 117, if the small pinion were not a perfect gear its error would be seen

superimposed on the large gear error cycling at pinion frequency.
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8. Transmission Accuracy of Gear Trains

The following section is based on work carried out by Reliance Gear Company (now known as

Reliance Precision Limited) to provide some guidance in the design of accurate data

transmission gearing.

The transmission error referred to by equations 1 and 2 below represent the maximum statistical

point to point error during a forward and reverse cycle of a single pass of 

quality 14 anti-backlash gearing assembled in a data transmission gearbox.

For quality 10 or 12 gearing add 50% or 30% respectively to the error calculated for quality 14

gearing.

For average transmission error substitute the numbers 3.25 and 83 in the equations for the

numbers 4.4 and 112 respectively.
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Gear Type Condition Module (m) Backlash (mm)

Spur Gear

Brass/ Ground < 0.9 0.02 - 0.06

Brass 0.9 to 0.75 0.04 x m - 0.10 x m

Ground 0.9 to 1.0 0.04 x m - 0.08 x m

Bevel Gear pair Stainless steel or Brass
< 0.9 0.02 - 0.08

0.9 to 1.5 0.05 - 0.12

Worm Gear pair

Centres < 50mm

Worm - Stainless steel

Worm Wheel - Brass
≤ 1.0 0.08 - 0.20

BACKLASH FOR STANDARD GEARS

The table below refers to the allowable backlash within the range of Spur, Bevel, and Worm gear

pairs with a designated centre distance. The allowable backlash is necessary to absorb the

deviations of noise and oscillation in order to maintain smooth operation.

Note. These figures apply to the standard gear range only.

To convert Circumferential Backlash to Angular Backlash see page 116

Module 0.5

TYPICAL GROUND GEARS TORQUE CAPACITY 
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Module 0.8

Module 1.0




