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How to Design and Install Bevel
Gears for Optimum Performance:

Lessons Learned

Stephen Marsh

Introduction
Bevel gears must be assembled in a specific way to ensure
smooth running and optimum load distribution between gears.
While it is certainly true that the “setting” or “laying out” of a
pair of bevel gears is more complicated than laying out a pair
of spur gears, it is also true that following the correct procedure
can make the task much easier. You cannot install bevel gears in
the same manner as spur and helical gears and expect them to
behave and perform as well; to optimize the performance of any
two bevel gears, the gears must be positioned together so that
they run smoothly without binding and/or excessive backlash.
Bevel gears can include straight, spiral, Zerol, hypoid and
Spiroid (to address the differences between each one is beyond
the scope of this guide). Because these types of bevel gears are
basically conical in shape, they all have an optimum position for
best performance. Usually the manufacturer of the bevel gear
determines this optimum position by running tests of individual
gear sets. However, the gearbox designer and assembly technician
share responsibility for incorporating this optimum positioning
in the gearbox. The designer must provide shimming dimen-
sions that are easy to measure in order to aid the fitter/techni-
cian in assembling the overall gearbox. The aim of this guide is
to provide instruction on how best to accomplish this.

Part I: Key Factors
Various parameters contribute to proper gearbox assembly
that help ensure smooth and efficient operation; the two most
important criteria are:
1. Mounting distance
2. Backlash

Mounting distance. The distance from a locating surface on
the back of one gear (most commonly a bearing seat) to the
center-line of a mating gear is the mounting distance (Fig. 1).
In some cases, for convenience, a front surface may be used for

the assembly. This is the most important parameter for ensuring
correct and optimal operation.

Typically, the pitch cone apex-to-crown-value is a fixed, nom-
inal value determined by a formula. The dimension between
the mounting surface (in Figure 2 it is the bearing seat) and the
crown point will have a tolerance; it is common to see a toler-
ance of £0.05mm up to +0.1 mm. Obviously the mounting dis-
tance is the addition of the two values and will therefore also
have a tolerance.

For straight bevel gears, the pitch cone apex is the intersection
point of the pinion and gear axes (Fig. 2).

The pitch cone apex-to-crown-value is provided in engineer-
ing handbooks and in publications provided by Gleason Corp.,
for example. Gleason publications include most of the informa-
tion required by the gear designer to select a satisfactory pair of
bevel gears. The pitch cone apex-to-crown value is determined
by a formula that is a function of the pitch diameter, pitch angle
and addendum; therefore, the pitch cone apex-to-crown-value
cannot be chosen arbitrarily. However, the mounting distance
is determined by the designer as long as the pitch cone apex-to-
crown-value is maintained. (Of course, in reality this mounting
distance will have to have some degree of tolerance.) It may be
possible to manufacture all gears to the nominal mounting dis-
tance specified on the drawing, but the additional cost to do so
is usually not warranted.

If two gears are being machined as a set, the manufacturer
can establish the optimum value for this distance by running the
gear set and adjusting its position to obtain a tooth contact pat-
tern that is consistent with smooth running and optimum load
distribution between mating gear teeth. The optimum mounting
distance can then be recorded.

Because of dimensional variations between parts, each gear
will have a unique value for the mounting distance and, in most
cases, the manufacturer permanently marks this value onto
each gear; the mounting distance will be within the tolerance
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Figure 1 Gear showing make-up of the mounting distance.
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Figure 2 Assembly of a pair of straight bevel gears (pinion and gear).
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specified on the drawing. Manufacturers aim for a tolerance of
+0.05mm from the nominal value. If, at assembly, the mounting
distance of one or both gears is made at less than the dimension
specified, the teeth may bind, and excessive wear or breakage
can result. If the mounting distance of either gear is made longer
than the dimension specified, the gears will not be in full mesh
on a common pitch line and may have excessive backlash.

Backlash. The second most important variable for a pair of
bevel gears is backlash—i.e., the space between mating gear
teeth or the difference in width of the gear tooth and pinion
tooth of the mating gear. Unless otherwise specified, it is mea-
sured at the tightest point of the mesh.

Backlash is necessary to achieve correct operation of the
gears and varies with the size of the tooth and operating condi-
tions. Bevel gears are cut to have a definite amount of backlash
when correctly assembled together. But excessive backlash or
play, if great enough, can cause a sudden impulse or shock load
in starting or reversing that may cause serious tooth damage.
Excessive or insufficient backlash can also result in noise, exces-
sive wear and damage. Backlash can be changed by changing the
position of one or both gears.

General Notes for the Design Engineer

Gearbox housing/mounting. It is very important that the
designer consider the mountings for the gear and pinion so
that they are rigidly supported to handle all loads to which the
gears will be subjected in service. It is equally important that the
designer detail the housing or mounting parts (e.g., bearing cap)
with adequate tolerance for alignment, squareness, fits, and run-
out, etc. While bevel and hypoid gears can accommodate rea-
sonable displacements and misalignments without detriment to
tooth action, excessive misalignment of the gears reduces their
load capability, with the consequent danger of surface failure
and breakage while in service.

Provision should be made by the designer in the design of the
housing and mounting parts so that both the pinion and gear
mounting distances can be adjusted. This is usually done using
shims. Determining the range of shim thicknesses can be cal-
culated by the designer so that the mounting distances of the
gears are always maintained. An example of setting up gears and
determining the range of shims is explained in more depth later
in this guide.

Figure 3

Ideal contact pattern under load (Ref. 2).

It is good practice for the designer to make provision so that
the teeth can be inspected and that assembly personnel can also
check for backlash, etc. This feature can also be used for inspec-
tion during service to check the condition of the teeth without
disassembling the gearbox. Once the components are machined,
they must be fully inspected to check the housing and mount-
ing components for errors. While the shaft angles, offset and
mounting distances are the usual items to check, the alignment
of the bores and the squareness of the bearing seats are also
important.

Bearings. While bearings are not a focus of this guide, it must
be noted that the bearings of a gear system are responsible for
holding the components in position, absorbing and distribut-
ing forces and moments, and assuring the rotation of shafts and
gears. Any clearance in the radial and axial directions inside the
bearing can be adjusted by axial pre-loading of the inner or outer
ring or race. This pre-loads the rolling bodies and bushings and
achieves a stiff, play-free radial and axial support bearing.

Ideally, the bearing manufacturer should be consulted regard-
ing the selection of bearings suitable for the radial and thrust
loading required to maintain the alignment and position of the
bearing and pinion. The axial and radial movement of the bear-
ings should not allow the load to substantially shift, and the
bearings should be stiff enough to prevent deflection in order to
maintain proper contact. Deflection of the bearing shaft and the
housing are all influenced by bearing contact. It is highly recom-
mended that the bearings be pre-loaded; this should be man-
datory—even in cases of small bevel gear sets with low torque
transmission.

Solid pre-load is obtained by mechanically locking the races
of the bearing into position with the aid of shims. The shims
and, hence, bearing races, spacers, etc., are subjected to an axial
load; this axial load is commonly provided by the end-caps. By
adjusting the thickness of the shims, the amount of pre-load
can be increased or decreased. This must be taken into account
when determining the range of shims during the design stage
and determining the actual size of the required shim at assem-
bly. The disadvantage of the solid pre-load method, however,
is the high variation in pre-load as temperature changes, and
its reduction as the bearing wears. Pre-loads can be applied by
a spring to counteract this and provide a consistent pre-load as
temperature varies, but generally this solution is more complex
and is beyond the scope of this guide.

It must be remembered that excessive pre-load will reduce the
life of the bearing and increase the amount of noise produced
and heat generated, as well as the bearing starting and running
torque. The amount of pre-load required is determined by vir-
tue of design and stress analysis.

Contact pattern. A critical attribute of any bevel gear design
is its contact pattern (Fig. 3).

Simply stated, the contact pattern is the area in which the gear
teeth come in contact as they engage and disengage during their
rotation. When a gear is installed in a gearbox and is powering
the designated application, there are varying degrees of pres-
sure—or load—on the gear teeth. These pressures are influenced
by box deflections, bearing movement and temperature changes.
When the gear teeth are subjected to these variables, the contact
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pattern will change. There is a general rule of thumb stating that
the heavier the load, the larger the contact pattern.

For a gear to perform properly under load, the contact pat-
tern must be a certain shape and at a certain location. Typically,
an ideal tooth contact pattern under load should encompass the
bulk of the tooth surface while avoiding any contact with the
edges of the tooth surface.

When assessing how the contact pattern will perform in an
operating gearbox, another critical issue to consider is gear dis-
placement. In the operation of many gearboxes, the gears and
their shafts do not remain in a fixed orientation. Thermal forces
and stress from being under load can cause significant move-
ment of the gearbox components from their original positions.

There are typically four different types of movement that can
take place (Fig. 4).

Pinion
Offset In and Out
(E) of Mesh
3 (P)
Gear
In and Out o o
" » Shaft
of Mesh u Angle
(G) £

Figure 4 Gear displacement conditions (Ref. 2).

It is this movement that is referred to as “gear displacement,’
and it can occur in any combination of the four types. In aero-
space gearboxes, where keeping weight to a minimum is a high
priority, the mass of the gearing used is usually smaller and these
displacements can be significant. On the other hand, in commer-
cial applications—where the gearbox components are typically
more rigid—there is not the same degree of displacement.

A question could be asked by the designer: “What is the best
way to maintain the correct mounting distance and correspond-
ing tooth contact pattern?” And that very question is the “fly in
the ointment” in determining the setting position.

Bearings play a significant part in setting proper position. The
real issue is not so much where and how one sets it; but more
in how the gears run. If the bearings are assembled with pre-
load, then there is usually not much variation in measurement.
However, it must be remembered that one is essentially work-
ing with some elasticity in the components and the dimensional
changes are small. There is always some variation in measure-
ment and shim sizes in the nature of one- or two-thousands of
an inch, but bevels are not normally that sensitive where it could
be considered a problem.

End-play, however, can cause quite a problem. The traditional
response would be to set the gears in the position they would
run. That is, if the gears will move in a particular direction
under load, force them that way at assembly, taking out end-
play in that direction. But if the gears run in both directions, or
the operating conditions greatly affect the end-play or position,
the technique is not so simple. Bearings typically like to run at
a pre-load; if operating conditions are stable and the housing
and shafts do not move or grow, the pre-load can be built in at
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assembly. Ideally, that is the case. However, if there is growth or
movement (especially with an aluminum gearbox housing), it
would be ideal for the bearings to go to light pre-load so all the
rotating elements share the load.

If an advanced analysis of the system design in order to pre-
dict its growth and movement have been done, the results could
be used to compensate for position at assembly. (Note here that
these results should be considered in the bevel design to man-
ufacture the teeth with the proper loaded tooth contact pat-
tern.) Most gear designers/manufacturers cannot predict how
the components will be affected in service and, unfortunately,
there is only one solution—research and development.

In an ideal world, the first build could be assembled using all
the advanced analysis and techniques discussed in this guide.
Then the gearbox could be run at operating conditions and
checked to see what happened at the contact areas. The gearbox
could be stripped and re-shimmed to compensate. What every-
body is really looking for is, “What is the loaded contact pattern?”

Regardless of how it looked at assembly, it is how it runs that
matters most.

Part ll: Determining Thickness Range of Shims at
Design Stage

When laying out a pair of bevel gears, the designer should
always begin with the pitch cone apex-to-crown dimensions.
These will have been determined by formula, and their values
depend on the size of the gears. Once the pitch cone apex-to-
crown-value has been established, the designer can determine
suitable locating surfaces on the back of the gears. It is recom-
mended that this mounting surface be the seat/shoulder for a
bearing; otherwise, it is okay as long as the designer makes the
mounting surface a flat surface perpendicular with the axis of
the gear/pinion.

The designer must lay out the gears, bearings and spacers,
etc. inside the housing so that shims may be used to position
the pinion/gear in its correct mounting distance. The designer
must arrange the components and assign the appropriate tol-
erances so that the shim thickness does not fall below 1 mm
or exceed 5mm. If this tolerance analysis has not been prop-
erly done, the designer could end up with a negative-value shim
(which, of course, cannot physically happen). On assembly, the
fitter would have to modify the actual components in order to
situate the gear into the correct mounting distance. When the
fitter/technician is assembling the gears and is adjusting their
position along their axes to achieve smooth running, it may be
necessary to adjust the shims. It is far better to adjust shims than
to make changes to the housings, end-caps or the gears. This
is why the range of shims should be between 1 mm and 5mm.
A shim below 1 mm would be extremely hard to manufacture
and handle; it’s basically dealing with a sliver of metal. A shim
over 5mm indicates the designer should probably tighten some
tolerances or change the nominal size of some components in
attempting to reduce this range.

If a worst-case scenario ever arose, it would be more desir-
able to re-machine the housing rather than re-work the gears
to accommodate errors in the mountings. Re-working the gears
to accommodate angle or offset errors in the housing is a criti-
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cal process and should be undertaken only as a last resort; the
results are usually not satisfactory.

It is important that the designer think about shimming and
setting up the correct mounting distance, as bevel gears are con-
ical in shape and so can be assembled in an almost infinite num-
ber of positions (most of which will cause poor performance)
and still obtain the required backlash. An inexperienced fitter
could in theory assemble bevel gears to obtain a specific amount
of backlash without regard to the mounting distance; this is
especially true for low-quality or lightly loaded bevel gears.
Although this method occasionally works, it is a risky approach
where gears are loaded to maximum capacity. It usually causes
shorter life and poor performance. Only at the proper mount-
ing distance will a gear set run smoothly and still have the right
amount of backlash.

This guide has been written to show the designer a method
of determining the size range of shims in a typical gearbox. An
example has been included with an in-depth methodology so
that a designer can apply the method to other similar gearboxes.

This example gearbox incorporates bevel gears at right angles
and bevel gears at an acute angle; this method can also be used
for bevel gears at an obtuse angle (Fig. 5).

To begin, the designer can choose any bevel gear in determin-
ing the range of shims for that specific gear. For assembling by the
fitter, the center gear would be the logical starting point (Fig. 6).

First, the designer positions the pitch-cone apex of the gear
on the intersection point of the two bores in the housing. It can
be seen that the bores are at an acute angle with one another.

The size range of the first shim can be determined so that the
pitch-cone apex of the gear always remains approximately on
the intersection point of the two bores. However, it has already
been established that the exact mounting distance is not marked
onto the gears and, in reality, it would be nearly impossible to
measure the intersection of the two bores (as the point exists in
space and the bores are at an acute angle) without use of highly
specialized and expensive measuring equipment. In practice,
the fitter sets the pitch-cone apex of one gear as close as pos-
sible to the theoretical intersection of the bores (using the nomi-
nal value of the mounting distance and the nominal value of the
intersection point) with the use of shims. The fitter then posi-
tions the mating gear so that it comes into contact with its coun-
terpart, after which the fitter would physically turn the gears to
check for smooth running, adjusting the shims as needed. Once
the fitter is satisfied that the gears are running smoothly, he will
then measure the backlash to determine if its value is within the
backlash limits specified on the drawings.

To make sure that the fitter uses a shim in a range of 1 to
5mm, the designer has to allow for this fitting process and
imagine that the bevel gear is being positioned so that the apex
point sits on top of the intersection point. As is known, this will
never be exact, so the designer has to assign a +0.15 (a conser-
vative figure) to the nominal value of the theoretical intersec-
tion point. This is the setting distance for the gear, so that the
apex point is theoretically “floating” in this range. This should
allow for any tolerance build-up of the mating gear’s mount-
ing distance, the tolerance of the actual mating gear’s teeth, the
tolerance of the true intersection point, etc. Figure 7 diagrams a

Figure 5 Example gearbox incorporating bevel gears at right angles and
bevel gears at an acute angle; this method can also be used for
bevel gears at an obtuse angle.

Figure 6 Designers can choose any bevel gear in determining the range
of shims for that specific gear. For assembling by the fitter, the
center gear would be the logical starting point.

method for determining the maximum and minimum thickness
of the first shim.

The 0.025 value is shown (Fig. 7) to account for the shift of the
inner and outer races due to the axial pre-load.

Determining Maximum First Shim
Maximum Mounting Distance + Maximum Race of
Bearing + Axial Play=A
62.45+13+0.025=75.475
Minimum Setting Distance of Gear: A=B
115.85:75.475=40.375
Maximum Depth of Bore: (B + Minimum Race of
Bearing) = Maximum Shim
55.95: (40.75 +12.88) =2.695
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Knowing the range of the first shim,
the designer can calculate the size range
s for the second one. The second shim
is important here as it will set up the
mounting distance for the second bevel
+~| gear that shares the same shaft as the
by first.

d

Determining the Maximum Second Shim
Maximum Bore Depth + Maximum
Setting Distance Second Gear=A
63+5.435=68.435
Minimum First Shim + Minimum
Race of Bearing + Minimum Mounting
Distance Second Gear =B
1.232+14.88+49.285=65.397
A - B=Maximum Shim

Figure 7 Diagram of a method for determining the maximum and minimum thickness of the first shim. 68.435: 65.397=3.038
Determining the Minimum First Shim Determining the Minimum Second Shim
Minimum Mounting Distance + Minimum Race of Minimum Bore Depth + Minimum Setting Distance Second
Bearing=A Gear=A
.62/.35+12.88=75.23 62.8+5.135=67.935
Maximum Setting Distance of Gear: A=B Maximum First Shim + Maximum Race of Bearing + Axial
116.15: 75.23=40.92 Play + Maximum Mounting Distance Second Gear=B
Minimum Depth of Bore: (B + Maximum Race of 2.122+15+0.025 +49.385=66.532
Bearing + Axial Play) = Minimum Shim A - B=Minimum Shim

55.75: (40.92+13+0.025)=1.805
Knowing the range of the first shim, the designer can calculate

the SiZe range for the Second one. DISTANCE TO CFN::F’ :ETNF OF ADJACENT SHAFT
Determining the Maximum Second Shim 99,87
Maximum Depth of Bore: (Minimum First Shim + Minimum i __#9.57 :
. . . SETTING DISTANCE OF GEAR FROM END FACE TO APEX ALLOWING
Thickness of all Components) = Maximum Shim FOR TOLERANCE OF FLOATING APEX POINT OF GEAR
55.95: (1.805+12.88+12.2+12.88+13)=3.185 63
62,8
Determining the Minimum Second Shim ' GEARBOX HOUSTNG HOLE DEPTH
Minimum Depth of Bore: (Maximum First Shim + Maximum 5 15,6 12,7
Thickness of all Components) = Minimum Shim et T LA

55.75: (2.695+13+0.025+12.3+13+0.025+13.2) =1.505

If the minimum thickness of the shims fell below 1 mm, the
designer would have to tighten the tolerances or change the
nominal size of a component.

The designer can now calculate the size range of shims for the
center gear (Fig. 8).

Figure 9 shows the detail for the second bevel gear on the
shaft.

Determining the Maximum First Shim
Maximum Mounting Distance + Maximum Race of
Bearing + Axial Play=A
38.547+15+0.025=53.572
Minimum Setting Distance of Gear: A=B
99.57-53.572=45.998
Maximum Depth of Bore: (B+Minimum Race of
Bearing) = Maximum Shim
63-(45.998 +14.88)=2.122

Determining the Minimum First Shim

Minimum Mounting Distance + Minimum Race of
Bearing=A va o4 4
38.447 +14.88=53.327 FETCH CONE APEX '
Maximum Setting Distance of Gear: A=B Joicaom
99.87-53.327=46.543 38,547
Minimum Depth of Bore: (B + Maximum Race of A R

Bearing + Axial Play) = Minimum Shim GEAR ALLOVING FOR

MANUFACTURING TOLERANGE
62.8-(46.543 +15+0.025)=1.232

$3H08 ONISNOH 40 INIOd
NOTLJISHIINI ¥ SHVID
40 X3dv 3IN0D HOLId

13,95
13,75
END COVER

Figure 8 Designers can now calculate the size range of shims for
the center gear.
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67.935-66.532=1.403

Determining the Maximum Third Shim
Maximum First Shim + Minimum Second Shim + Maximum
Thickness of all Components + Axial Play = A
2.122+15+0.025+1.403+15.6 +12.7+0.025+13.95=60.825
Maximum Depth of Bore: A=Maximum Shim
63 - 60.825=2.175

Determining the Minimum Third Shim
Minimum First Shim + Maximum Second Shim + Minimum
Thickness of all Components=A
1.232+14.88+3.038+15.4+12.573+13.75=60.873
Minimum Depth of Bore: A =Minimum Shim
62.8-60.873=1.927

The designer can now calculate the size range of shims for the
third and final gear (Fig. 10).

Determining the Maximum First Shim

A + Minimum Thickness of Components =B

7.675+10.95+38.875+8.88=66.38

Maximum Depth of Bore: B=Maximum Shim

69.1-66.38=2.72
Determining the Minimum First Shim

Maximum Setting Distance of Gear: Minimum Mounting

Distance=A
35.65-27.575=8.075

A +Minimum Thickness of Components =B

8.075+11.05+38.925+9+0.025=67.075

Minimum Depth of Bore: B=Minimum Shim

68.9-67.075=1.825

Determining the Maximum Second Shim

Maximum Bore Depth + Maximum End-Cap Mounting Face

to Shim Seat=A
69.1+4.1=73.2

Minimum First Shim + Minimum Thickness of all

Components=B

Minimum Setting Distance of Gear: Maximum Mounting
Distance=A
35.35-27.675=7.675

1.825+8.88+38.875+10.95+9.88=70.41
A - B=Maximum Shim
73.2-70.41=2.79

49,385 69,1
49,285 68,8
- - GEARBOX HOUSING HOLE DEPTH
MOUNTING DISTANCE FOR p—
GEAR ALLOWING FOR DISTANCE 'I:D CENTRE
MANUFACTURING TOLERANCE LINE OF ADIACONT SIAFT|
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Designers can now calculate the size range of shims for the
third and final gear.

Figure 10

Figure 9 Detail for the second bevel gear on the shaft.
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Determining the Minimum Second Shim
Minimum Bore Depth + Minimum End-Cap Mounting Face
to Shim Seat=A
68.9+3.9=72.8
Maximum First Shim + Maximum Thickness of all
Components=B
2.72+9.00+0.025+38.925+11.05+10+0.025=71.745
A-B=Minimum Shim
72.8-71.745=1.055

It must be pointed out again that at this stage the designer is not
calculating the actual thickness of the shims, but is determining
their maximum and minimum thickness limits. The range will
most likely be conservative, so as to avoid any future problems at
the assembly stage. The designer is allowing for: tolerance build-
up of all the individual parts; the true value of the mounting dis-
tance; how the fitter positions the pinion/gear inside the housing
(which determines where the pitch-cone apex of the gear will
be in relation to the intersection point of the bores in the hous-
ing); tooth thickness; how the teeth contact and interact with

P

DATUM PINION
(MIDDLE GEAR)

. L« o Figure 11  Section of a gearbox; the fitter should start with the center

one another; and how the fitter determines “smooth running”” It gear as the datum pinion.
is better to have a large range of shim sizes on hand than to find
out later that the fitter needed a 0.2 mm shim to set the gear at its SHINM 2 .\/-/\’\' > SNy —
‘p;]riﬁp;rlon‘;otlﬁreltmg dlsta.nce at the assembly stage. Proper design T, /; :// o ,/ //// E: = | //77

gears to interact smoothly so that the contact pat- /
tern on each tooth shares the load evenly and that the contact il 17 DT
pattern does not shift towards the edge of the teeth. i @ ////:4/ ‘ !

. - SHIM 1 , ‘\\\\\ < W /\4’” - < A‘
Assembling Bevel Gears and Determining Actual ; = Y ||
Shim Size N !
Once the designer is satisfied with the design of the gearbox '1\‘-\’ ) S o
and has made allowances for the range in shim sizes, the fit- } N /
ter is charged with ensuring proper assembly. The only adjust- VR \&\\ S s 2 I
ments the fitter can control are those that axially position pinion L1 - - . 4] J/
and gear at assembly. In certain circumstances the fitter may not T ‘e SONE
be provided with a means of shimming or other methods for g v e - o 7 if
positively locating the axial positions of the gears. The assem- i ; \
blies resulting from such inadequate designs will be affected by “e o /
maximum tolerance accumulations and, in many cases, will not -
exhibit a good tooth contact pattern. Figure 12 Location of shims.

In gear sets where the mounting distances
are known (either marked on the gear or the 38,497 49,335
nominal size on the drawing) and provisions - DIN "2 " r~ DIN "6 -
are made for shimming, the fitter should FRSRES (ENEES RIS SRR
shim to achieve these mounting distances.
These adjustments eliminate the effects of JOEX FoInT
axial tolerance accumulations in both the PESEAR
gears and mountings. Shimming however, '
cannot correct shaft angle or offset errors.
In most bevel gear sets, particularly those s e il
with ratios above 2:1, the pinion position X gt
(mounting distance) affects tooth contact NOF GEAR
(the most important parameter for good
performance) to a larger extent than does
gear position. Conversely, the gear position
has a larger effect on backlash.
For this reason the manufacturer may WLLL Rt B
have marked the mounting distance only 5EN. e
on the pinion. In such cases, be sure to first 2 o

accurately position the pinion according to
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Figure 13 Bevel gear assembly.
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its marked mounting distance (or nominal
value from drawing), and then adjust the
gear position for the required backlash.

Where mounting distances have been
marked on both pinion and gear, adjust
these distances first and then use the nor-
mal backlash value to verify proper assem-
bly. Again, the backlash value should be
measured after assembling the pinion at its
marked mounting distance.

It is recommended that the pinion be
positioned first to its correct mounting dis-
tance when installing a pair of bevel gears.
The principal methods for positioning the
pinion are:

o Gaging. A set-up gage assembled in the

INTERSECTION POINT
OF ADJACENT BORE
WHICH IS ALSO THE
THE THEORETICAL
APEX POINT OF
MATING GEAR

THEORETICAL
APEX POINT OF
MATING GEAR

© WHICH IS ALSO THE
INTERSECTION POINT OF
ADJACENT BORE

5,285

"TDIM "4" PITCH CONE
APEX TO END FACE

housing in place of the pinion.

o Direct measurement. Measurements
from the locating surface on the pinion to
the axis of the mating gear.

o Flush surfaces. In the case of large bevel gears where direct
measurement of mounting distance is difficult, a flat is hand-
ground on the back cone faces (back angles) of the gear and
pinion when in correct position on the testing machine.
When the gears are assembled, they are positioned so that the
ground flats on the back cone surfaces are flush.

Figure 14

The first method of using gages is used mostly for large gear
production runs and is based on the direct measurement meth-
od. For this reason, only the measurement method is described
in detail in this guide. These measurements may be made by
means of inside and outside micrometers, depth micrometer,
gauge blocks or a special gauge manufactured for this purpose.

The third method for positioning the pinion exists but is not
recommended because the pinion and gear need to be manufac-
tured as a gear set (matched pair). If the surfaces have not been
ground as in the third method, then note that when mating
gears are adjusted to their optimum position, their back angles
will probably not be flush with each other. Do not attempt to
position bevel gears by making the back angles flush.

To position the pinion by the measurement method, all
the components that affect the location of the pinion must be
directly measured.

In an ideal world, to aid the fitter at assembly all the housing
measurements would be marked on the gearbox housing after
it has been machined and inspected. For example, the distance
from the locating surface to the adjacent bore center-line could
be marked.

Measurements involving the pinion and gear should be taken
on the sub-assemblies, which consist of the gear, shaft, spacers,
bearings and gear-mounting components. This will minimize
any variations due to fits between these components and greatly
reduces the number of measurements required.

This example gearbox incorporates bevel gears at right angles
and bevel gears at an acute angle (method can also be used
for bevel gears at an obtuse angle). It is the same example that
was used to determine the range of shims earlier in this guide.
Figure 11 shows a section of a gearbox; the fitter should start
with the center gear as the datum pinion.

Intersecting bores inside housing.

The fitter would measure to the following method:

i) Dimension 1=Measure gearbox housing end-face to adjacent
bore center-line.

If the mounting distance is not marked on the part, the mid-
dle value (nominal figure) of the maximum and minimum size
of the mounting distance is to be used.

ii) Dimension 2 =Bevel gear assembly mounting dis-
tance=38.497
iii) Dimension 3 = Measure Depth of Housing Bore
SHIM 1=DIM 2 - (DIM 1 - DIM 3)

In this example the intersection of the adjacent bore is at an
acute angle and the intersection point exists in space; this makes
it extremely difficult for the fitter to measure this dimension
without highly specialized measuring equipment. The designer
therefore has to assign a nominal dimension on the sectional
drawing to aid the fitter in assembly.

When the shaft angle is other than 90°, the distance from the
pinion mounting face of the housing to the crossing point is not
easily measured, as stated above. This dimension can, however,
be easily obtained during the machining of the housing, and
either the actual dimension or the deviation from the mean can
be marked onto the housing. With this dimension available, the
necessary shim can be determined in a manner similar to a pin-
ion having a 90° shaft angle.

iv) Dimension 4 = Intersection point of bores from end-
face=5.285
v) Dimension 5= Measure over inner race of bearing
vi) Dimension 6 = Second bevel gear mounting distance =49.335
SHIM 2 =(DIM 3 +DIM 4) - (SHIM 1 THICKNESS + DIM
5+DIM 6)
vii) Dimension 7 =Measure over two bearings, shim 2 and sec-
ond bevel gear width
viii) Dimension 8 =Measure end-cover depth (mounting surface
to bearing seat)

SHIM 3=DIM 3 - (SHIM 1 THICKNESS + DIM 7 + DIM 8)

The fitter must now adjust the shim to ensure pre-load on
the bearings. This can be achieved by ensuring a 0.05mm (for
example) space exists between the end-cover and housing
mounting face. The fitter would achieve this by adding 0.05mm
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P

. 0508 BPAGE to the already calculated shim size, so when
FOR PRE-LOAD PURPOSES the bolts are tightened it axially loads all the
ADJUST SHIM TO ACHIEVE 0,05 bearings.
ADJUST SHIM TO SPACE BETWEEN END COVER & The fitt. d to the followi
SET UP 0,05 GAP HOUSING. TIGHTEN BOLTS ¢ litter would measure 1o the lollowing

TO CLOSE GAP & CREATE PRE-LOAD | method for the second gear:
i) Dimension 9=Measure gearbox housing

(shim seat) to adjacent bore center-line
ii) Dimension 10 =Bevel gear assembly
mounting distance =27.625
iii) Dimension 11 =Measure assembly over
bevel gear width, carrier shaft and bear-
ing

iv) Dimension 12 =Measure over inner race
of bearing and record for later
SHIM 4=(DIM 9+ DIM 10) - DIM 11

Assemble gear to pinion. If assembling a
gear set, make sure that the matched teeth
are properly engaged. The fitter now has
to rotate the gears and check for smooth running. If necessary,
adjust the shim to ensure smooth running. Only after position-

SHIN 4 ing both gears at their mounting distances, and the fitter is sat-
; isfied with the “smooth” running, should the fitter measure the
normal backlash to verify proper assembly. The fitter should
measure at the tightest point of the mesh between the gears.

vi) Dimension 13 - Measure Housing Bore Depth from Flange

_ Face

- vii) Dimension 14 - Measure End Cap mounting face to Bearing
Seat

SHIM 5=(DIM 13+ DIM 14) - (SHIM 4+ DIM 11 + DIM 12)

The fitter must now adjust the shim to ensure pre-load on the
bearings, as before.

The fitter should measure using the following method for the
third and final gear:

i) Dimension 15 =Bevel gear assembly mounting distance=62.4

ii) Dimension 16=Measure assembly over bearings and spacer
and record for later

iii) Dimension 17 = Measure depth of housing bore

Figure 16  Location of shims. iv) Dimension 18 =Intersection point of bores from End-

face=116

b bl - SHIM 6=DIM 15 - (DIM 18 - DIM 17)

Assemble gear to pinion. If assembling a gear set, make sure
that the matched teeth are properly engaged. The fitter now has
to rotate the gears and check for smooth running. If necessary,
adjust the shim to ensure smooth running. Only after position-
ing both gears at their mounting distances, and the fitter is sat-
isfied with the “smooth” running, should the fitter measure the
normal backlash to verify proper assembly. The fitter should
measure at the tightest point of the mesh between the gears.

v) Dimension 19=Measure end-cap mounting face to bearing
seat

SHIM 7=DIM 17 - (SHIM 6 + DIM 16 + DIM 19)
The fitter must now adjust the shim to ensure pre-load on the

27,625 bearings as before.
DIM “10*
MNOUNTING DISTANCE
Figure 17 Bevel gear assembly.
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Conclusion
The gearbox used in this
guide is just an example; it
incorporates right-angled bevel gears and acute-angled bevel
gears. The way the pre-load is applied in this gearbox does not
necessarily mean that this is the preferred method. This guide
aims to provide the designer sufficient knowledge to design any
type of gearbox involving bevel gears.

It must be remembered that due to the complex nature of the
forces generated by transmitting power through bevel gears,
along with the combination of thermal forces and tolerances of
individual components, it is virtually impossible to fully predict
the behavior of gears under full-load during its operating service.

However, if the designer and fitter use this guide as a basis to
design and install bevel gears, it should in theory be possible to
design and build a gearbox that runs under full-load with an
ideal tooth contact pattern. (&}

assembly ot
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Figure 20 Bevel gear assembly and intersecting bores inside housing.

June/July 2013 | GEARTECHNOLOGY Bg



