TECHNICAL SECTION

SECTION 3. Backlash Calculations
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Backlash 15 the amount by which the width of a tocth
space‘exceeds the thickness of the engaging toath an
the operating pitch circles. The following section con-
tains a description af backlash sources and a method of
cakulating backlash in a gear train.

Sources of Backdash
For pracision trains the backlash sourdes are many
because of the significance of every contributor even
if small. There are five major descriptive groupings:

Design Bacidash Allowance

1. Gear size allowance — any speciic re¢uction of gear
size {tooth thickness or testing radws) below nom-
inal value.

2. Center distance — any spegific increase in center dis-

tance above nominal value.

Major Tolerance Backiash Sources

1. Gear size to folerance (tooth thickness o testing
radius).

2. Genter distance tolerance.

Gaar Canier Shift Due to Secondary Sources
1. Fixed-bearing sccentricilies:
a. Outer-race eccentricity of ball bearings
b. Slaeve bearing’s inside-diameter and oulside-
diameter runout.
2. Ragial clearances due to tolerances and aligwances:
4. Ball-bearing radial piay.
b. Fit between shatt and hearing bore.
¢. Fit between bearing outside diameter and housing
bare.
3. Component error Sounces:
a. Clearance between component-meunting piiot
diameter and housing-mounting bore.
b. Component-maunting pilot eccentricity to shatt.
¢. Companent-maunting surface fatness and per-
pendiculanty.
¢. Companent shaft ragial play.

Backiash Sourcas Variable In Magnitude with Gesr
Ratatian
1. Total composile error:
a. Runqut.
b Teoth-1-tapth errors.
¢. Lateral runout.
2. Clearance between gear bore and shaft
3. Shaft runout at point of gear mounting:
a. Plain shafting.
b 5tepped stud or shaft.
4. Ball-bsaring rotating-race eccentricity
5. Misceilaneous runouts:
a. Cornponent shaft,
h, Composite gear assembly.

Miscellansous Sources:

1. Thermal dimensional changes.

2. Deflections: teeth, gear body, shalt, and housing.
3 Special environmental conditions — vibration, etc.

Example of Backlash Calculation

Yo illustrate procedures, an example of calculating gear
train backlash is given. Rederring to Figure 3.1, backiash
tram the servomotor to the antenna azimyth shatt will
be calculated. This illustrates a typical problem encoun-
tered in the design of small radar antenna drive gear
trains in which backlash is imporiant to a respansive
and stable servo system. Additionat design conditions
nol given in the figure and Table 3.1 are listed below {all
dimensions in inches.)

TABLE 3.1
DESIGN CONDITIONS FOR FiG. 3.1 GEAR TRAIN

Paramater Mesh 1 Meszh 2 Mesh 3 Mpesh 4
Gear gize {testing radius):
Allowance i} 0 0005 0005
+.0000 +.0000 | +.0000 | +.0000
Tolerance { —p007 | -.001z | 0046 | — 0015
Total composite érrer (max.) D005 001 RU .01
Center Distance:
Allawance 0 0 0
+.001 +.002 +.002 +.002
Tolerance { ~ 000 — oa — 000 000

ANTENKA ALIMUTH SHAFT

-
CODE SERVOMOTOR

Numerator = No. of Teeth
Dencminator = Diametral Pitch
M=z = Mash No.

§ - x= Shaft No.

FIGURE 3.1 - GEARING SCHEMATIC AND DESIGN
DETAILS FOR A SMALL RADAR ANTENNA
DRIVE GEAR TRAIN

3108 Entire TCE must be within Testing Radius Tolerance
Bearings:
All, except motor shatts, ABEC-5 ball bearings, 2
Inch diameter. Radiat clearance 0002 to 0006

309 Housing Bore for Bearing Oulside Diameter:
Allowance zero

+.0003
talerance
—.0000

310 Shatl Diameter:
Aligwance 0001 fram nominal diameter

talerance * 000

~ 0002
311 Shait Runout at Mounting of Gear .0002 max. TIR.
312 Gear Bare Diamater:

Nominal dimension +.00a3

313 Servomotor Details:
Pinion cut on shaft — testing radius reduced 0005
under nominai, with —.0Q11 tolerance.

Shatt radial play 001 max.

Shatt runout Q008 max. TIR at mounting of gear.
Mounting diameter runout relative ta shatt 001 TIR max.
Cemponent-mounting desicn:

Mounting pilot diameter tolerance: +.0000

+.0005

Mating-housing bore diameter tolerance:
grhiousing ~ 0000

Allowancs: .0003.

&

314 Pinion Design:
Mesh 1 — pinned fo shaft.

All ather meshes — pinion is cut integral with shaft.
315 Al Qears 20° pressure angie.

316 The Batklash contributars for each mesh are listed in
Table 3.2. These are radial values (i.e., changes in
center distance) and are converted to backlash by the
factor 2 tan §, in this case .728. Thus, the angular
values are

8 _2tang AC 180 x 60
- [} % x

M A
Mash 1:

B = 128 1‘905273435 = 7.8 min of arc
Mesh 2:

Boz= J28 2555%3408 = 27.1 min of arc
Mash 3;

B = 728 2084 3439 = 13.5 min of arc
Mesh 4;

. 728 '_4 3438 = 46 min of ar¢

Summing the mesh totals, with proper velocity ratio factors
relative to reference shaft S-1, the gear train maximym
hacklash is

Backlash fram S-1to | _
S-5measured atS-1 |

5, +Bay B B
['7] ¥z ¥a
B, =78+ A + 315 +%

B

= 12.4 min of arc

Note that 63 per cent of the train backlash is in the first mesh
because of the high velocity ratios of subsequent meshes.
Caltulation of the third mesh contribution is of questionable
significance, and the fourth mesh is unnecessary,

The backlash value cafculated is a maximum which will
never ke exceaded if parts are made according to design
specification; it can be approached only il all backlash
design tolerances are at their maximum values.
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TABLE 3.2
BACKLASH EXAMPLE CALCULATION

Maximum Backlash (Radial Value)
Mash 1 Mesh 2 Mesh 3 Mesh 4
Com-
Design Dala: Gear | Plnion | Gear | Pinion | Gear | Plnlan | Gear | poneml
Pinion
Shaft No. —~ 51 82 5.2 53 53 84 $-4 55
Backlash Source Pitgh Dia. —~ | 3.333 4167 | 1.250 2812 | 1.250 | 2656 8375 .1562
Group . Design Backlash Allowance
"1 Center distance allowance 0 — 0 — 0 — 0 -
2. Gear size allowance ¢ 0 0 0 0005 0005 0005 .0005
Groupll. Major Tolerances
*1. Center distance .o — .02 — .002 - .oo2 —
2. Gear size .0p07 | .0007 | .0012 0012 015 0015 0015 .0011
Group [ll.  Secondary Sources
1. Fixed-bearing eccantricities:
a. Ball-bearing fixed race .0001 .0001 .0001 .0o0 .0001 0001 .0001
b. Sleeve-beaning runaut
2. Radial clearances:
a. Bali-bearing radial play .0003 .0003 .0003 .0003 .0003 0003 0003
b. Clearance: Shaft and bearing bore
{1} Shatt diameter tolerance .0001 .0001 .0001 0001 .0a01 0001 .0001
{2} Bearing bore tolerance .0001 .0001 0001 .0om 6ot Ry .00
(3} Aliowance 00005 | .000D5 | .00DDS | .00005 | .0C00S | .00OOS | 00005
¢. Clearance: Bsaring QD and
hausing bare
(1) Bearing OD tolerance .0001 .0001 .0001 .0001 .0001 0001 .0001
{2) Housing bore diameter
tolerance .00015 | .00O015 | .00MI5 | .00D15 | 00015 | 60015 | .00015
(3) Allowance 0 0 0 0 0 0 0
4, Component efror sources:
a. (Clearance: component mounting
(1) Component-mounting pilot
dia. tolerance 00025
(2) Hausing-maunting bore
dia. tolerance 00025
{3) Allawance 00015
4. Component’s mounting pilot
eccentricity 0005
¢ Component-mounting pilot
flatness and perpendicularity .0005
d. Component shaft radial piay
Group IV. Sources Variable with
Retation (one-half total value)
1. Total composite error
2. Runout All TCE specified to be within testing radius toferance
b. Tooth-to-tooth composite
2. Clearance: Gear mounting to shaft
a. Gear bore diametsr tolerance .00015 | .00015 | .DDO15 .00HS5 00015
b. Shaft diameter folerance .0001 .0001 .0001 oo .0001
c. Allowance .00005 | .000O5 | .000O05 .00005 .00005
3. Shaft runput at gear mounting .0001 .0001 .0001 0o .0001
4. Ball-bearing rotating-race
BCeEntricity .0001 .0om 000 .00 .00t .0001 .0001
5. Miscellaneous runouts
a. Component shaft
b. Composite gear assembly
6, Other sources
Group V. Miscellaneous Sources
1. Thermal
- 2. Deflections
3. Gther sources |
Sub-Total 0031 0021 0046 0022 0054 .0030 0054 00325
Mesh Total 0052 .0068 0084 .00B65

* These are values for a pair and are arbitrarily put inta gear columns.
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