when the sound is processed through a spectum analvzer. Reducing
the amnount of backlash in the geas wrain and reducing the strength of
the gulsimg by improving the gearquality (mnout, sccummlated picch
error) are the approsches generally taken to alleviate this condition.

Stamdard recommended “nomal” backlash for precision bevel
gears is broken down in Table 1.

“Mommal” here does not mean “regular.” Nommal is an enginesr-
ing tedm mearding “at right angles 0.7 In this case. it means st ght
angles to the spiral angle and the pressure angle af the heel end of
the gear teeth ar about mid-tooth depth. A disl indicator is used ro
measnie the normal backlash. This is not always convemient when
the gesrs ae i the assembly. A comvenient and sccurate way to
check the backlash in an assembly is 1o measure the backlash “in the
plame of roration.” This can be accomplished by amaching a simple
lever o the end of an accessible pindon or gear shafr. The dial indi-
cator shonld be positioned so that the probe is contacting the lever
at approximately the pitch radins of the teeth. The conversion from
plane of roration backlash (PRB) to normal bacldash (NB) is:

B = PRE x Cosime|Spiral Angle) x Cosme{Pressure Angle)

The acmal backlash that we use for manofacmring is the back-
lash ramge specified on the customes’s pant drawings with the pars
positioned n & rolling gear tester ar the gauged print nomdinal moan:-
ing distance.  The backlash specified on the part drawings mmst
take into sccount the mounting distance variatons that come from
the assembly rolerance stackmp if selective fir shims are not nsed.
Sometimes backlash larger than the standard recommended back-
lash is required o accommodare the tolerance stackup. Equations
1 amd 2 are formmlas for calculating the change m backlash ro be
expected for a given mounting distance change. either fior the pinion
of the gear.

_ AB
* 7 Jtangsiny i

ar[.ﬂB_, =AMD, + 2tmosiny]

AMD —&
7 JangsinT 2

or|AB, = AMD_ + 2tanésin T

These formmnlas are nseful for estimating shim thiclmesses for a
backlash admstment. An example is given for a 3.545:1 rario.

Example:

11 x 39 combination and 9 25 Diametral Pirch

Pressure angle ¢ =30°

Pinion pirch angle y = 15.75°

Gear pirch angle I' = 74.25°

How mmuch does the backlash change if I move the pinion
—0.005" (AMDP = —005") or if I move the gear — 0U003" (AMDG
=-003")7

ABP = —005 *# 2 tam 20°sm15 75
baclklash
ABG = -005 * 2 13
backlash
WWW.powerir

= —-0010" reduction in

Muotice that the backlash change is three ro four times as fast for
2 gear mounting distance change as for the same amoun: of pinson
mounting distance change.

Special Considerations For Assembling Low Batio Gear Sets
What if the ratio is not higher than 2.5:1 as discussed above?
The assembly has am extra step in it for ratios from 1:1 w

approximately 2.5:1. As befose, assemble the pinion and gesr with
‘backlash and check the tooth contact pattern.  Shim the pindon in or
out of mesh to put the patem in the comrect depthwise position on
the resth. Mexr, it is necessary to adjust for the correcr backlash.
This is whese the assembly procednre changes. It i5 necessary now
to move both the pinion and gear for the backlash sdfusmment m
order to keep the conract partem from moving our of position. Refer
to Figure 16, a diagram similar to that of Figure 7, bur mow for a
low ratio (1:1).

A small axial move of the pindon is represented agsn by a com-
ponent in the depth direction and 3 component in the face direction.
Mow these components are eqaal. Alsa, the components for the gear
ame the same as those for the pirdon for the 1:1 ratio.

The necessary pindon shimn change will be related to the gear
shim change by the ratio. 5o, if the ratio is 1:1 and the gear will be
moved into mesh 0,005, then the pinion must be moved into mesh
0.005" ro mainrain the comect parrern. If the ratio is 2:1, 3 00005~
gear shim change would be scoompanied by a 0.0025" pinion shim
change. You can nse the calonlations in Equations 1-2 to estimate
the shim thiclmess changes. The relationship berween the pirdon
and gear shim, mathematically, is:

Ratio = M = (number of gear reeth divided by ramber of
pindon teeth)

Gear shim thickness change = (X XXX)

Pinion shim thickness change = (X X300

For low rarios, we Cin summasize a5 follows.

Low Ratio Enle:

The tooth canract is readily affecred b changes in both pindon
and gear axisl position. Properly position the pindon first {of the gesr
if the backlash is close 1o 1:1) to be assured of a cormect tooth contact
and to eliminate misleading tooth taper thickmess in the backlash
check. The backlash is readily affected by changes m both gear
and pinson axial position. Admst second for backdash by moving the
pirdon and gear in propartion to the ratio.

Are Yon Hunting fer Backlash?

When there is no common factor berween the number of teeth
in the pindon and gear, the ratio is said o be “hantng tooth.” This
kind of desizn conld also be called “hunemg backlash™ Ratios of
this type require the greatest ramber of sevolutions of pindon and
gear before all pindon teeth have meshed ar least omce with each
gear rooth.

Example: Rato2x 3 (nx N combination)

As the pinion fotates with the gear, the pindon teeth match up
with the gear teeth in a pattemn that evenmmally repeats:

Pimion 1 2 1 2 1 2 1 (pinion teeth are numbered 1 and 2)

Gear L1231 23 1 (gearreeth are numbered 1. 2 and 3)

rotations, the number of
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