TECHNICAL SECTION

SECTION 2. Basic Gear Formulas

SPUR AND HELICAL GEARS

2.D0  This seclion covers the recommended tooth propartions

and design data far fina pitch spur and hekical gears.
2/ Basic Rack - The basic rack shown in Figure 2.1 is

205 Canter Distance Systems — There are two center dis-

tance systems in use. These are the Standard Center-
Distance System and the Enlarged Center-Distance
System. The choice of whick is 1sed will depend an

used to Hlustrate the tooth proportions cavered by
this standard. When small numbers of teeth, or spe-
cial centar distance situations are gncountered, itis
intended that long and short addendum proportions
be used. This standard permits freedom of choice in
making minor changes in the taoth proportions to
meet special design conditions as long as the resuit-
Ing gears are fully conjugate to the basic rack. Such
changes may be indicated when a special cantact
ratie or tof land is desired.

2.02 Spur Gears — The basic rack shown in Figure 2.1 and

the tooth propartions shown in Table 2.1 provide the
basic design data for spur gear testh.

203 Helica! Gears — The helical testh covered by this stan-

dard are conjugated in the normal plane to the basic
rack shown in Figure 2.1 and Table 2 1.

2.04 Standard Center Distance — Standard center distance

is given by the equation shown in Table 2.1.

the number of testh in the meshing gears and on
olter design requirements. When an enlarged pinion
is ta be meshed with a gear at the center distance

that is standard for the numbers of teeth, the
diameter and taoth thickness must be decrea
the amount of the pinion enlargement. When

pear
sed by
two

entarged pinions or an enlarged pinion and a standard
diameter gear are meshed together. the center dis-

tance must be greater than standard.

206 Standard Center-Distance System — {Long and short

addendums.) In this system the center of dist
made standard for the number of teeth, and 1

sure angle remains constant. The putside diameter
and root diameter of the gear is decreased the same

amount that the pinion diameter is increased.
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FIGURE 2.1 — BASIC RACK ~ {NORMAL PLAN
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207 Spur Ptnion Enlargement — Enlargement of Spur Pin-

ions of 20 Degree Pressure Angle and Diametral
Pitches from 20 through 120, Spur piniens having
fewer than the minimum numbers of teeth shown in
Table 2 2 should be enlarges to avoid objectional
undercut* Pinions of 20 degree pressure angle
should be enlarged in accerdance with the recom-
mendatians given in Table 2.3. The mating gear or the
center distance should be adjusted as discussed in
paragraph 2.05. Pinions of finer than 120 diametral
pitch require special tpnsideratian since the proper-
tonally larger clearance requires hobs which tend to
produce greater undercut (n general, pinions cut by
tha shaping process will not have as much undercut
as those cut by hobbing.
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TABLE 2.1
YDOTH PROPORTIONS AND FORMULAS FOR
DIAMETERS AND STANDARD CENTER DISTANCE

(AN values in millimeters)

(Al vaiues in inches)

TOOTH PHOPOATIONS TOOTH PROPORTIONS
Item Spur Helical Hem Spur Helical
1.000 1.000
Addendum (a) M M, Addendum (a) P 8,
1.200 ) 1.200
Dedendum (b} M+c=1.16M | M, +c=1.16m, Dedendum (1) “F +0.002{min) | T~ +0.002 (min)
2.000 1.2H
Working Oepth (h,) 2.000M 2.000M, Working Depth (h,) - R,
2.200
‘Whoie Depth (h) 2.16M 2.16M, Whole Depth (h) =g+ 0.002 (min] 23—?0 + 0.002 (min )
Claarance {c) 1M 1o .3M M to 3M, Clearance (c) 0.200 0.200 .
(Standard) (. 166M typically) | [.166M, typically) {5tandard) p+0002{mn) | “p + 0.002 (min.}
Taoth Thickness M i) 0350 030 )
at Pitch D,am,(,?, = -,-'5— L= % {Shaved or Ground Teeth) ~F +0.002 (min.) P, * 0 002 (min.)
FORMULAS Toeth Thickness (1) _ 1.5708 _ 1.5706
at Pitch Diameter t=""7F P
Metric Module (M) O FORMULAS
‘ ' o D ! ) ) nd n
Circuiar Piteh {n) p=nMerny | p, =M orey Gircular Pitch (p) p=Torp P = P,
_— _NM Pitch Diameter n n
Pitch Diameter (0) M c0s w Piion {d) P 7, cos w
- N Pitch Diameter N _ N
Outside Diameter (D) N+2M (cns vt 2) M, Gear D) P P tos
) (N +nM N+n Quiside Diameter n+2 Y [
Center Distance (C) e Zosy M, Pinion (d.) E P\ tosw 2
Quiside Diameter N2 1 ( N_ . )
Where M = Metric Module Gear (D) P P\ cosy
M,= Normal Metric Module ] N+n N+n
1, = Narmal Tooth Thickness at Pitch Diameter Center Distance (C) 2P P, 005 ¢

p = Circular Pitch

p, = Normal Circular Pitch
w = Helix Angle

N = Number ol Gear Teeth
n = Number of Pinion Teeth
D = Pitch Diameter
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P=
P,=
1=

at Pitch Diam

Transverse Diametral Pitch
Normal Diametral Pitch
Normal Taoth Thickness

P, = Normai Circular Pitch
w = Heiix Angle
n = humber of Pinien Teath

eter N = Number aof Gear Teeth

DESIGN

13-3




TECHNICAL SECTION

SECTION 2. Basic Gear Formulas

SPUR AND HELICAL GEARS
TABLE 2.2
. iy , . MINIMUM NUMBER OF PINION TEETH VS. PRESSURE ANGLE AND HELIX ANGLE
Left Hand Right Hand Left Hand Pinion  Right Hangd Pinion HAVING NO OBJECTIONABLE UNDERCUT
Helicais Helicals Right Hand Gear  Left Hand Gear
Minimum Numher of Teeth to Avaid
Undercul. Normal Prassure Angle,
Hes:gf.:gsle, n, degrees
1412 20 25
0
(Spur Gears) 32 18 12
5 32 17 12
10 N 17 1
Right Angle Shafts Parallel Shafts 15 29 16 11
20 27 15 10
FIGURE 2.3 — HELICAL GEARS OF THE SAME HAND MESH AT RIGHT ANGLES 23 26 14 10
— HELICAL BEARS OF THE OPPOSITE HAND MESH ON PARALLEL SHAFTS 25 25 14 9
30 22 12 8
. ) ) 35 19 10 7
Any gear will mesh and run with any other gear of the same pitch. ” 1 9 5
Recommend meshing stainless steel with aluminum gears for smoother I - 7 s
running, longer life and silent operation. For best operation helical gears
should run with thrust washers — see PIC standard stock thrust washers
on page 6-11 and reference below.
TABLE 2.3

20-DEGREE PRESSURE ANGLE INVOLUTE FINE-PITCH SYSTEM FOR MODIFIED

L 17 TEETH OR LESS SPUR PINIONS
> THRUST +—{2| (All tabufar dimensions are given in inches for 1 diamatral pitch. For other pitches
U divide tabular values by diametral pitch.)
THRUST 4— Enlargad
~-— DRIVER Standard Cenler-Distance Sysiem Center-Distance
Pinion Dimansions {Long and Shorl Addendum} System Standard
Gear Dimensions! Maling
Gear Diameter?
Cir. Tooth Cir. Tooth | Recom-
Thickness Thickness | mended | Contact
Number at Dec:':asa at Minimum | Ratio, '"gv":'" cﬂ:t?n“
o Qutside | Standard | g0 oo rd Stanoard { Number n Standard | Two
Teelh |Diameter | Pitth |°g .00 Plich of MalinD | " grgey Equal
n Diameter { Diameter | Teath With )
Alpe Diamatar [ o = N} i Distanca | Pinions?
Adtan @ ADtan @
10 12,8302 | 1.8730 | 0.8302 | 1.2686 33 1.419 | 0.4151 1.135
1 13.7132 | 1.8304 | 0.7132 | 1.3112 30 1.450 | 0.3566 1.186
12 145963 | 1.7878 | 0.5963 | 1.3538 27 1473 0.2582 1.238
13 15,4793 | 1.7452 | 0.4793 [ 1.3964 25 1493 | 0.2397 1.280
14 16.3623 | 1.7027 | 0.3623 | 14389 23 1.508 | G812 1.344
Left Hand alaht Hand 15 17.2453 | 1.6601 | 0.2453 ! 14815 21 1516 | 01227 1.398
&t Ran gt Han 16 | 18.1234 | 16175 | 01284 | 15241 | 19 | 1519 | 0.0642 | 1.436
Right Angle Shafts 17 | 190114 | 15749 | 0.0114 | 15667 | 18 1522 | 00057 | 1.511
FIGURE 2.4 — THRUST LOADING DETAILS The outside diameters of small pinions are enlarged te avoid undercut. 1 000
Enlargements are based on adcendum proportions of the Basic rack, Figure 2.1, of —

13-4

PIE

When different proportions are used, the outside diameter must be P

adjusted accordingly.

1 To maintaln standard center distances when using enlarged pinions. the mating gear
diameters must be decreased by the amount of the pinion enlargement.

2 |f mating gears are made with standard tooth proportions, the center distances must be
ingreased as shown.

3 Nominal Values: will vary due to eflects of tolerances.
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TECHNICAL SECTION

SECTION 2. Basic Gear Formulas

STRAIGHT BEVEL GEARS WORMGEARING
2.08 This section covers recommended tooth 2.13 Wormgearing is generally divided into two 2.17 Special Consideralion must be given to top
praportions and dimensions of blanks for categories, fine-pitch worm gearing and lands in fine-pitch hardened worms and in
generated straight bevel gears of tooth ratios coarse-pitch worm gearing. Fine-pilch worm gear cutting tools,
in general industriat use. earing is segregated from coarse-pitch . .
’ svnrm ggea:risr?éj figratr?g fotlowing reaspuns: 2.18 In Fine-Pitch Warms and Wormgears,
2.09 Bevel Gears in this system have unequal interchangeability and high production are
addendums and unequal toath thicknesses, 2.14 Fine-Pitch Warmgears are used largely to important factors.
except for pairs having equal numbers of teeth. transmit motion rather than power. Tooth Individua! matching of the worm to the gear.
This is different from the common practice s}rength, except at the coarser end of the as is frequently practiced with coarse-pitch
for spur gearing. In bevel gear cutting, the fine-pitch range, is seldom an important precision warms, is impractical in the case of
toath thickness is controlled by machine tactor. Durabitity and accuracy, as they affect worms of fine pitch.
adjmustments instead of by the tools, making the transmission of uniform angular motion, ]
it possible to cbtain tooth thicknesses according are of greater importance. Housing 2.19 The Methods of productian and inspection of
to requirements for balance of strength in gear constructions and fubricating methods are fine-pitch wormgears are generally different
and pinion. Consideration has been given te both generally radically different in fing-pitch from those of coarse pitch.
f#”fﬁ: !‘i‘;ﬁb"'g %r;got;]e:m strength in determin- wormgearing. 2.20 Proporlions of worms and wormgears are
9 prop ) 2.15 Proflle Deviations and tooth bearings cannot given in Table 2.5. The pitch relations are
2.10 An Advantage in designing bevel gears according be determined to the same degree of expressed by the following formulas:
to this system is that tables are available giving accuracy as those of coarse-pitch worms and TABLE 2.5
tooth data and machine settings, thus mimimizing wormgears, because of their small size. :
calculations.* If other tooth designs are used, the v ) . PROPORTIONS OF FINE PITCH WORMS
data must be determined specially. 2.16 Wn_rmgear cutting equipment generqliy AND WORMGEARS
available for fine-pitch gears has definite Worm Dimensigns
2.11 Angular Bevel Gears are bevel gears whose shafts restrictions which limit the diameter and lead Term Isymuo! Farmula [in.)
are set at an angle other than 80 degrees. range, degree of accuracy and kind of tooth
, bearing obtainable. Lead ' AP
2.12 Backlash — Table 2.4 gives 'th‘e recnm_m_ended Pitch Diameter 4 1+ (ntank)
backlash when the gear and pinign are finished and
assembled ready to run. Quality numbers refarred Dutside Diameter do U+32a
1o in the Table are defined by the AGMA Gear Safe Minimum
Classification Manual, AGMA 390.02. lﬁerrltgg:]%if Wreaded Fu 7y B - OF
orti orm

TABLE 2.4 RECOMMENDED BACKLASH * This farmula aHows a sufficient length for fine-pitch worms.

Backlash
Diamelral AGMA Quality Number Wormgear Dimensions
Pitch 4thru 7 thru 13 Pitch Diameter D Np +
20 10 50 0.000 - 0.002 | 0.000 - 0.002 Outsids Diamater | O o0 -0+
50 to 80 0.000 - 0.001 0.000 - 0.001 Mimmum Face .
B0 and finer | 0.000 - 0.0007 | 0.000 - 0.0007 width of Wormgear | Tomr | 1 25‘\f {da + 20)* - (0 - 4a)*

* These tables are available through Gleason Works,
Rochester, New Yark.

Data Relating ta Worm and Wormgear
PITCH AFEX TO 8ACK ] Addendum a 0.3183 A,
CROWH TQ BACK
Fmgo:.;‘cx To 0.05% g~} . Whole Depth i 0.7003 Pa + 0.002
CRowH /5 . __ Warking Depth e 0.6366 P,
DEDERGUM TITCH N A WORMGEAR ‘J . RADIUS OR Clearance [ - by
ANGLE o £X ry (IO ‘> CHAMFER -
eace | " i ; Tooth Thickness t 0.5 Py
¢ —-ANGLE ;
.l.m:LEw"\#.'§ < / Appraximate
3
o koot ¢ Normal Pressure @n 20 deg
A% O e FIGURE 2.6 — WORM & WORMGEAR Angle
;;ﬁ_f‘ FEONT AMGLE o ‘\ C:.,;‘rl?lmﬁ -
. L, % e Center Distance C 0.5(d+0}
ANGLE /
\ , Where p = Circular Pitch of Wormgear
N ouTa e e B P, = Axial Pitch of Worm
\nu. R -'/f P, = Narmal Gircular Pitch ol Worm and Warmgaar
. macx é‘.' = Pycasi = peos y
im' 5‘ A = Lead Angle of Warm
Ve g = Helix Angle of Wormgear
< n = Number ef Threads in Worm
AXIAL SECTIDH N = Number of Teeth in Wormgear

FIGURE 2.5 — BEVEL GEAR NOMENCLATURE
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