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This invention relates to slide rules and, more partic-
ularly, to slide rules which are adapted to facilitate the
selection of gears suitable for specific power transmis-
sion applications.

The choice of power transmission gears for a partic-
ular application presents a difficult problem, especiaily
with regard to selecting gears durable enough to with-
stand the mechanical forces likely to be encountered.
This selection of gears involves, generally, a determina-
tion of the maximum load to which the gears may be
subjected and then calculation of appropriate gear dimen-
sions required of a gear that will be capable of with-
standing this applied load over a satisfactory life span.
Surface durability rating formulae developed by the
American Gear Manufacturers’ Association (hereinafter
referred to as AGMA) are in general use to establish
load limitations for gears of various sizes, tooth forms,
etc. From these AGMA surface durability rating for-
mulae, the maximum load which a gear of a given size
and configuration can withstand without excessive wear
of the tooth surfaces can be calculated. Gear loadings
in excess of those recommended by AGMA cause exces-
sive wear and pitting of the tooth surfaces and markedly
shorten the useful life of the gear. Therefore, selection
of gear dimensions which will provide a gear with an
AGMA surface durability rating that equals or exceeds
that recommended by AGMA practice for the specific
application under consideration will normally result in a
maximum length of continuous satisfactory gear service.

The AGMA surface durability rating formula, when
written with respect to the gear, for helical and double
helical gears is:

CmCqCeCoNgDg*FC?

HP= 126,000 { Mg+1)

Where:

HP=transmitted horsepower

Cm=the materials factor

Cg==contact length factor

Ce=tooth form factor

Cv=the velocity factor

Ci=inbuilt factor (given as a function of the face width)
Ng==gear r.p.m.

Dg=gear diameter

F=face width

Mg=—=gear ratio

Through the use of the above formula, the horsepower
durability rating of a helical, herringbone or double
helical gear of a given involute tooth form, material,
hardness, face width and pitch diameter, can be calcnlated
for any specified gear ratio and r.p.m. within the speed
limitations established by AGMA. The calculations in-
volved are tedious and time-consuming since the various
factors must be sought from charts or tables. Thus, it
is highly inconvenient for one, not highly versed in the
selection of gearing, faced with the problem of selecting
properly designed gears for a given application to base
his selection of appropriate gear proportions on trial
and error substitution in the above empirical formula,
Accordingly, the principal object of this invention is
to provide a slide rule calculator, having sliding and sta-
tionary members and cooperating scales thereon, adapted
to permit rapid and convenient selection of gears which
will have a surface durability rating, under AGMA stand-
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2

ards, appropriate to the contemplated operating condi-
tions.

Another object of this invention is to provide a slide
rule calculator adapted to permit the determination of
pitch diameter and face width for gears of a given ma-
terial and tooth configuration, and to thereby enable
the selection of gears which will have maximum gear
life in accordance with generally accepted engineering
standards, under the conditions of horsepower loading,
gear r.p.m, and gear ratio likely to be encountered in

_the application under consideration.

In summary, the invention includes a slide rule cal-
culator with horsepower loading, gear r.p.m., gear ratio,
pitch diameter and face width scales on cooperating rel-
atively movable sliding and stationary members, where-
by relative movement of the members will permit the
selection of a gear having a. pitch diameter and face
width suitable for known values of horsepower loading,
gear r.p.m., and gear ratio.

The foregoing and other objects and advantages of
this invention will become apparent from the following
description and by reference to the accompanying draw-
ings forming a part hereof in which there is set forth,
by way of illustration and not of limitation, several forms
in which the features of this invention may be embodied.

In the drawings:

FIG. 1 is a front elevation view of a slide rule gear
selector embodying the features of the invention;

FIG. 2 is a vertical sectional view taken along the
plane of line 2—2 of FIG. 1, looking in the direction of
the arrows; .

FIG. 3 is a perspective view of the pointer member
of the slide rule gear selector shown in FiG. 1;

FIG. 4 is a schematic view of the horsepower scale
of the gear selector shown in FIG, 1;

FIG. 5 is a schematic view of the gear r.p.m. scale
of the gear selector shown in FIG. 1;

FIG. 6 is a schematic view of the gear ratio scale
of the gear selector shown in FIG. 1;

FIG. 7 is a schematic view of the pitch diameter
(in inches) scale of the gear selector shown in FIG. 1;

FIG. 8 is a schematic view of the face width (in
inches) scale of the gear selector shown in FIG. 1;

FIG. 9 is a schematic view showing the relative longi-
tudinal and lateral alignment of the scales of the gear
selector shown in FIG. 1;

FIG. 10 is a front elevation view of another form of
slide rule gear selector embodying this invention;

FIG. 11 is a schematic view of some of the scales of
the gear selector shown in FIG. 10; and

FIG. 12 is a schematic view showing the relative longi-
tudinal alignment of the scales of the gear selector shown
in FIG. 10.

For clarity and completeness, the following descrip-
tion points out details of four embodiments of the present
invention from which description those skilled in the art
will be able to construct other embodiments.

The embodiments described are universal gear selec-
tors for both 25° and 20° pressure angle tooth forms
and specialized gear selectors for both 25° and 20° pres-
sure angle tooth forms. The embodiments selected for
description are exemplary only and are not intended to
limit the scope of the present invention to the specific
forms illustrated and described.

1. THE UNIVERSAL GEAR SELECTOR

A. Slide Rule Gear Selector for 25° Pressure Angle Full
Depth Tooth Form, Single Helical and Double Helical
Gears

.FIGURES 1 through 9 illustrate various features of a
slide rule gear selector, constructed in accordance with
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the present invention, for the selection of gears having
a 25° pressure angle involute tooth form. For conven-
ience, the following description is divided into three parts:
first, a general description of the gear selector, second, a

escription of the scales employed and the calibration
thereof and third, a description of the alignment of the
various scales on the structural elements.

1. General description—Referring to FIGS, 1 through
3, there is illustrated a slide rule gear selector 24 com-
prising an outer case 25, a slide member 42 and a pointer
58. The outer case 25 is formed of a front panel 26
and a rear panel 27 joined along their top longitudinal
edge portions to a spacer 28 and joined along a portion
of their lower edge portions to a pair of spacers 29 and
35 (see dotted lines in FIG. 1), The panel members and
spacers cooperate to define a longitudinal channel 38,
Three window openings, 31, 32 and a narrow slot 33
and 34 are cut or otherwise provided in the front panel
26 of the outer case 25. A gear r.p.m. scale 38 is pro-
vided on the front panel 26 of the outer case 25 adjacent
window 31, the length of window 31 preferably being
equal to or greater than the length of the gear r.p.m.
scale 38. A gear ratio scale 39 is provided on the front
panel 26 adjacent slot 33, the slot 33 being preferably
slightly greater in length than the gear ratio scale 39.
The slide member 42 is adapted for longitudinal sliding
movement within the channel 3¢ formed between the
front and rear pamnels of the outer case 25 and spacers
28, 29 and 35. The slide member 42 has three scales
provided thereon, a horsepower scale 43, a pitch diam-
eter scale 44 and a face width scale 45. As indicated in
FIG. 1, the windows 31, 32 and 34 of the oiter case 25
are arranged to permit viewing of scales 43, 44 and 45,
respectively, of the slide member 42 when the slide is
inserted in its operative position within the outer case 25.

Referring now to FIG. 3, there is shown a pointer 5¢
comprising an elongated and relatively thin base 51 hav-
ing a projecting cylindrical pivot pin 52 fixedly secured
intermediate its ends. The base 51 of the pointer is pref-
erably constructed of a transparent material with a visible
hairline 53 provided thereon, the axis of the pivot pin 52
being disposed along said hairline 53. As shown in
FIGS. 1 and 2, the pointer 50 is positioned between the
slide member 42 and the front panel 26 of the ocuter
case 25, with the pivot pin 52 of the pointer projecting
through window 33 of the front panel. The width of
the window 33 should be marrow enough to provide a
relatively snug fit for pivot pin 52 but wide enough to
permit both longitudinal sliding and pivotal movement
of pointer $¢. One end of the pointer 56 may project
beyond the lower edge of the case 25, extending through
the longitudinal space between spacers 29 and 35.

The materials from which the various elements hereto-
fore described are fabricated are mot critical and form
no part of the present invention. Similarly, the manner
in which the various scales are applied is not critical and
forms no part of the invention, Those skilled in the art
will know that the nltimate accuracy of the slide rule
will depend upon the moisture and tfemperature stability
of the structurzal elements and upon the tolerance allowed
in applying the scales to such elements.

2. Scale calibration—Illustrated in FIGS. 4 through 8
are five scales which are used in conjunction with the
structural members described previously to construct a
gear selector in accordance with this invention: a horse-
power scale 43 (FIG. 4), a gear r.p.m. scale 38 (FIG.
5), a gear ratio scale 39 (FIG. 6), a pitch diameter scale
44 calibrated in inches (FIG. 7), and a face width scale
45 calibrated in inches (FIG. 8).

The horsepower, gear r.p.m. and gear ratio scales are
non-uniform logarithmic scales wherein the lengths of
successive logarithinic cycles of the variable plotted ¢ither
progressively decrease or progressively increase. That is,
the lengths of successive logarithmic cycles on each of
these three scales are varied according to a geometric
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progression, wherein' the length of each logarithmic cycle
bears a constant ratio to the length of the preceding
logarithmic cycle on any particular scale. For conven-
ience this ratio, which is differeat for each of these three
scales, is herein denominated the “cycle multiplier” and
for those scales wherein the cycle multiplier is greater
than 1, successive logarithmic cycles of the variable
plotted thereon will progressively increase in length; con-
versely, successive logarithmic cycles will progressively
decrease in length on those scales which have a cycle
multiplier less than 1.

The pitch diameter and face width scales, 44 and 45,
shown in FIGS. 7 and 8, respectively, are uniform loga-
rithmic scales wherein each logarithmic cycle of the
variable plotted has the same length, although the loga-
rithmic cycles of the pitch- diameter scale are not equal
in length to the logarithmic cycles of the face width scale.
Thus, for each of these two scales, the “cycle multiplier”
is equal to 1.0.

To establish the relative lengths of each of the five
scales, it is convenient to choose the length of a logarith-
mic cycle of one of the scales as the “base unit” and to
express the length of the first logarithmic cycle of each
of the other scales as a multiple of this unit. Accord-~
ingly, the length of the first logarithmic cycle of the horse-
power scale 43, for horsepower values ranging from 1
to 10, is adopted as the “base unit” in this description and
is shown as a, in FIG. 4.

A “length factor” for each scale expresses the ratio of
the length of the first logarithmic cycle of any specific
scale to the “base unit.” As indicated in FIGS. 4 through
8, respectively, the first logarithmic cycles of the horse-
power scale 43, gear r.p.m. scale 38, and face width scale
45 encompasses values of the variable plotted ranging
from 1 to 10. The first logarithmic cycle of the gear
ratio scale 39 covers values from 1:1 to 10:1, and that
for the pitch diameter scale 44 covers pitch diameter val-
ues ranging from 10" to 100",

Tabie I summarizes the data for the “cycle multiplier”
and the “length factors” for each scale, from which it is
possible to lay out suitably calibrated scales of the proper
length in order to construct a gear selector slide rule in
accordance with this invention.

TABLEI
Range of Val-§ Length of Cycle
Scale ues of First | First Log | Length | Multi-
Log Cycle Cycle Factor plier
(Tigs. 4-8)
HP. ... ---{ 11010, (3 R (*‘base 1.024
unit’’)
Gear, r.p. Mo 1to10._..... [/ S 0. 969 0.948
Gear Ratioo oo L1%010:1. L] Cracaunen.. 0.934 1.136
Pitch Diameter 10 to 100..... e 2.838 1.00
(inches). .
Face Width 11010 L P, 2.835 1.00

To illustrate the use of table I, with the horsepower
scale as an example, the first logarithmic cycle of the
horsepower scale, for horsepcwer values ranging from
1 to 10, would have a length equal to (ay) which may be
any suitable length depending upon the size desired for
the slide rule calculator. The second logarithmic cycle
(az) of the horsepower scale, for horsepower values rang-
ing from 10 to 100, would then have a length of 1.024%
(a1); the third logarithmic cycle (a3), wherein horse-
power varied from 100 to 1,000, would have a length of
1.0241.024 X (a;) or 1.024X (a3); the fourth logarith-
mic cycle (ay), wherein horsepower varied from 1,000
to 10,000, would have a length of 1.024%1.024%1.024
X(as) or 1.024X (a3); ete. The length of the first log-
arithmic cycle of each of the other scales may be deter-
mined relative to the length chosen for the first logarith-
mic cycle of the horsepower scale, (a1), by multiplying
(a1) by the “length factor” given in the fourth column
of table I for each of the respective scales. For exam-
ple, the length of the first logarithmic cycle of the gear
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r.pm. scale (by) equals 0.969 (a;). After having'de-
termined the length of the first log cycle of any particu-
lar scale in this manner, the length of succeeding log
cycles of that scale may then be determined using the ap-
propriate “cycle multiplier” selected from the table I in
the manner described above for the horsepower scale.
Thus, the length of the second logarithmic cycle of the
gear r.p.m. scale (bg) equals 0.948X (by), and the length
of the third logarithmic cycle (b3) equals 0.948X(bs).

The scales, as illustrated in FIGS. 4 through 8, have
been calibrated with the major subdivisions of each log-
arithmic cycle corresponding to powers of 10, that is 1-10,
10-100, 100~1,000, etc. It is to be understood that the
calibrations for each log cycle shall be logarithmic in
nature and such calibrations can readily be made by any-
one familiar with this art. Further, in the above descrip-
tion, common logarithms with the base 18 have been used
throughout.

3. Scale alignment.—FIG. 9 of the drawings illustrates
schematically the longitudinal alignment of the five scales
of the gear selector 24 when the scales are oriented with
the origin of the horsepower scale 43 (where horsepower
equals 1) located on the slide member 42 aligned with
the origin of the gear r.p.m. scale 38§ (where gear r.p.m.
equals 1) on the front panel of outer case 25. With scales
43 and 38 so oriented, the origin of the gear ratio scale
39 may be located at any convenient position on the front
panel of outer case 25, it being understood that the scale
should be parailel to scales 43 and 38 and that the posi-
tion selected will determine the location of the slot in
which pivot pin 52 slides. The origin of the pitch diame-
ter scale 44 (where pitch diameter equals 10 inches) is
spaced to the left of the origin of the gear ratio scale 3%
at a distance shown as (f) in FIG. 9. Similarly, the ori-
gin of the face width scale 45 (where face width equals 1
inch) is spaced to the left of the origin of the gear ratio
scale 39 at a distance shown as (g) in FIG., 9. The dis-
tances (f) and (g) are listed on line 1 of table II in terms
of the “base unit” described above. After having located
the origins of the respective scales, each scale may be
constructed in accordance with the preceding description.

In addition to the longitudinal displacement described
above, the gear ratio, pitch diameter, and face width
scales are displaced laterally from one another at dis-
tances shown as (%) and (k) in FIG. 9. Although the
distances (k) and (k) may be given any desired value,
the ratio of

k

h
should be approximately 2.3, with 2.257 considered pref-
erable from the standpoint of accuracy. Except for the
limitation that (k) and (%) bear substantially said ratio
to one another, the lateral distances between the five
scales may be varied as desired.

As illustrated in FIG. 1, it is not necessary to show a
complete range of variables for each of the five scales of
the slide rule gear selector 24. Thus, it has been found
convenient to plot a range of horsepower values from 1
to 10,000, a gear r.p.m. range from 1 to 400, a gear ratio
range from 5:1 to 18:1, a pitch diameter range from 40
inches, and a face width range from 5 inches to 38
inches. Where a portion only of a particular scale is to
be provided on the gear selector, it is preferable to first
locate the origin of that scale in accordance with the
foregoing description and subsequently select the desired
portion, so as to maintain the proper scale alignment and
scale calibratiom.

TABLE II

Gear Type I g

1. 25° Pressure Angle, Single Helical or Continuous

Herringbone, Full Depth Tooth Form.._.ooo_-o. 0.530 0.877
2. 20° Pressure Angle, Single Helical or Continuous
Herringhone, Stub Tooth Form. . oo 0.577 0.928
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Because the durability rating of a gear varies in pro-
portion to the hardness of the gear material, it is prefer-
able to construct a slide rule gear selector based upon a
gear material of specified Brinell hardness number and
correct for the use of gear materials with different hard-
ness ratings by means of multiplying factors. Thus, in
the present instance, the gear selector 24 has been set
up for a gear material of 180 Brinell hardness number.
When it is desired to compute the rating of a gear made
of a different material, the appropriate factor from table
11T is used to convert the rating obtained from the selector
for a gear of 180 Brinell hardness number, The factors
listed in table I are standard factors published by
AGMA and are listed herein for convenience. If desired,
a table of such factors may be printed on the rear panel
27 of the outer case 25 of the slide rule gear selector 24.

TABLE IIX
Gear Hardness of Rule-180

Gear hardness for which Multiplying
new rating is desired: factor

80 e e .00
210 e 1.19
225 o e 1.30
245 .. 1.46
265 - 1.63
285 e — : 1.82
300 . e 1.98
310 2.09
335 . e 2.40
360 e -— 273
375 i i 2,94
400 e e _— - 3.30
A3 e e e 4,00

To illustrate the use of table III, a gear of 300 Brinell
hardness materia! will have a durability rating equal to
1.98 times the rating for a gear of the same dimensions
(pitch diameter and face width) made of a material with
a 180 Brinell hardness rating.

The face width scale 45 described above refers to the
net face width of a gear having teeth that extend across
the entire face width of the gear, as in single-helical gears
and double-helical gears which have no gap between
the right and left hand helical teeth. However, some
double-helical gears have a space between the right and
left hand tcoth portions resulting in a loss of face width
that must be compensated for in order to adapt the rule
described above for selection of these “gapped” double-
helical gears. This loss of face width may be most readily
accounied for by the use of empirical factors that will
vary in accordance with the magnitude of the gap in

elation to the face width and pitch diameter of the gear.
There are no standards for the width of the gap between
the right and left hand helical teeth of these “gapped”
double-helical gears and, hence, the factors must be
calculated for the particular types of gears actually con-
structed. For this reason no factors to apply to the
rating obtained from the slide rule gear selector 24 for a
single or continuous double-helical gear to convert said
rating into one for a “gapped” double-helical gear are
included in the present description. However, one skilled
in the art may readily calculate empirical factors for
this wse and, hence, the rule as described is adaptable
for the selection of “gappsd” double-helical gears. A table
of such factors may be conveniently printed on the rear
panel 27 of the slide rule gear selector 24.

The scales that are provided on the slide rule gear
selector described, are proportioned to yield gear ratings
which will conform to the ratings obtained from the
AGMA surface durability rating formula, within the limits
of the accuracy of the rule. Since the AGMA formula is
an empirical formula based upon the experience of a
great many gear manufacturers, it is subject to change.
That is, one or more of the factors used in the AGMA
formula may be modified to reflect changes in current ex-
perience with gear ratings. In such event, the rule de-
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scribed may be modified in a number of ways to reflect
future changes in the AGMA formula such as, for ex-
ample, by slight longitudinal realignment of the scales
or changes in the dimensions and proportions of the
scales themselves. Those skilled in the art will be able
to make such changes as may become necessary, based
upon the disclosures of this specification and within the
scope of this invention.

B. Gear Selector For 20° Pressure Angle Siub Tooth
Form, Single Helical and Double Helical Gears

A slide rule gear selector for the selection of gears
having a 20° pressure angle stub tooth form may be
constructed in accordance with the present invention.
The 20° tooth form slide rule gear selector may be con-
structed having the same outer case and slide mem-
bers and provided with scales of the same type and
proportions as described above. Due to the similarity,
no separate figure is included to illustrate this embodi-
ment. The only change necessary is the use of different
values for the longitudinal offset (f) between the origin
of the pitch diameter scale and the origin of the gear
ratio scale and the longitudinal offset (g) between the
origin of the face width scale and the origin of the gear
ratio scale, see FIG. 9. The value of (f) for a slide
rule gear selector for the selection of 20° pressure angle
stub tooth form gears may be 0.577, while the value of
(g) may be 0.928. The (f) and (g) values for this em-
bodiment of the present invention are listed on line 2
of the table II. The selection of 20° pressure angle stub
tooth form double-helical gears having a gap between the
right and left hand helical threads is accomplished
through the use of empirical factors in the manner de-
scribed above for the selection of “gapped” double-helical
gears of the 25° pressure angle tooth form. This em-
bodiment is also preferably based upon gear material of
180 Brinell hardness number, with use of harder ma-
terials compensated for by use of table IIL.

1I. SPECIALIZED GEAR SELECTORS

The principles of the preseat invention may be utilized
to construct slide rule gear selectors for the selection
of gears having a predetermined relationship between
pitch diameter and face width. It is common practice to
construct gears in a range of sizes wherein the face
width bears a constant mathematical ratio to the pitch
diameter throughont the size range. Accordingly, the
embodiments described below illusirate the use of the
present invention for construction of slide rule selectors
which are adapted to permit the selection of gears having
predetermined face width to pitch diameter ratios, herein
denominated as “specialized gear selectors.”

A. Specialized Slide Rule Gear Selector for 25° Pressure
Angle, Full Depth Tooth Form, Single Helical and
Double Helical Gears

Ilustrated in FIGS. 10, 11 and 12 is a gear selector
69 adapted for the selection of single helical and con-
tinuous double-helical gears having predetermined face
width to pitch diameter ratios. As illustrated in FIG. 10,
the gear selector 6@ comprises an outer case 61 and a
slide member 62 arranged to slide within a longitudinal
channel defined between front and rear panels of the
outer case 61 with upper and lower spacers therebetween,
As illustrated in FIG. 10, this embodiment of the pres-
ent invention does not utilize a pointer, although the
other structural features are similar to the embodiments
described heretofore and will, therefore, not be repeated.
The outer case 61 has a series of four windows cut in
the front panel thereof, 63, 64, 65 and 66. Imprinted
or otherwise applied on the front panel of the outer case
¢1 is a gear r.p.m. scale 67 located adjacent window 63,
and a series of similar gear ratio scales 74, 75 and 76
focated adjacent windows 64, 65 and 6%, respectively,
Imprinted or otherwise applied on the slide member 62
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is a horsepower scale 69 arranged to underlie window
63 and a series of pitch diameter-face width conversion
scales 78, 71 and 72 arranged to underlie windows 64, 65
and 65, respectively. Windows 63, 64, 65 and 66 are
proportioned to permit observation therethrough of por-
tions of scales 69, 78, 71 and 72 respectively.

The gear r.p.m. scale 67 and the horsepower scale 69
are non-uniform logarithmic scales similar to the gear
r.p.am. scale 38 and the horsepower scale 43 described
previously for the gear selector 24 and have the same
cycle multipliers and length factors. The gear ratio
scales 74, 78 and 76 are non-uniform logarithmic scales
similar to the gear ratio scale 39 described previously,
except that different cycle multipliers and length factors
are used. The pitch -diameter-face width conversion
scales of the present embodiment, 78, 71 and 72, re-
spectively, are non-uniform logarithmic scales which
have pitch diameter calibrations on one side of line (1),
FIG. 11, and face width calibrations on the opposite side
of line (1). If desired, the pitch diameter portion of
scales, 78, 71 and 72 may be repeated slightly above
the scales to aid in setting pitch diameter values under
gear ratio values, as shown in FIG. 10. The face width
calibrations of FIG. 10 are plotted as functions of the
pitch-diameter calibrations according to the following
formulae:

(1) scale 70: face mdth=13‘i°£d%?le@

piteh diameter

(2) scale 71: face width= 715

piteh diameter
8.60

The data necessary to construct the gear ratio scales
74, 75 and 76 and the pitch diameter portion of the
pitch diameter-face width conversion scales 7§, 71 and
72 may be obtained from table IV, and the data for the
horsepower scale 6% and gear 1.p.m. scale 67 may be
obtained from table I above. The construction and
calibration of these scales is in all respects similar to that
described previously and, hence, need not be repeated
here. '

(3) scale 72: face width=

TABLE 1V
Range of Values| Length of
Scale of First Log | First Log | Length Cycle
Cycle Cycle Factor | Multiptier
(Fig. 12)

Gear Ratio (Scales

74, 78, 76) oo 1:1 to 10:1 me 0. 926 1.092
Piteh Diameter:

(1) Scale 70._... 10" to 1007 7L 2.776 1.058
(2) Secale 71 ... 10" to 100" a3 2.754 1.058
(3) Scale 72...__ 10 to 100" n3 2.726 1.058

FIG. 12 illustrates schematically the longitudinal align-
ment of the scales provided on the gear selector 69. With
the origin of the horsepower scale 69 (where horsepower
equals 1} on the slide member 62 placed in alignment
with the origin of the gear r.p.m. scale 7 (where gear
r.p.m. equals 1) on the outer case §1, the origins of the
gear ratio scales 74, 75 and 76 (where gear ratio equals
1:1) may be positioned at any desired position with
respect thereto. After having located the origins of the
gear tatio scales, the origin of the pitch diameter-face
width conversion scale 78 is located a distance (p) to the
left of the origin of the gear ratio scale 74; the origin
of the pitch diameter-face width conversion scale 71 is
located a distance (g) to the left of the origin of the
gear ratio scale 75; and the origin of the pitch diameter-
face width conversion scale 72 is located a distance (1)
to the left of the origin of the gear ratio scale 76. The
values of (p), (g) and (r) are listed in table V and are
expressed as functions of the “base unit,” ie, the length
of the first logarithmic cycle of the horsepower scale. As
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an example, the origin of scale 70 is longitudinally offset
to the left of scale 75 a distance (p) equal to 0.422 times
the length of the “base unit.”

TABLE V
5
Longitudinal
Offset Based
Scale Conversion Formula on “Base
Unit” (Fig.
12)
10
S6R1E 70 mmomeemea Face Widgh="100 DIRINCET | () g 439
Scale 71 foeeeae Face Width=3mh7l)—————i%nl——m (g) =0.472
5616 72 Face-Width=f‘—@§E§3—mﬁe—’ (H=0409 15

) The longitudinal offset between the origins of the gear

ratio scales and the pitch diameter-face width conver-
sion scales, (p), (¢) and (r) will vary in accordance with
the dimensions of the particular gears for which the gear
selector may be adapted. Thus, the values given for (p),
(g) and (r) in table V obtain for three types of hub
gears, namely swhat is termed short center, wide face
(scale 70), medium center, medium face (scale 71), and
long center, narrow face (scale 72) gears having pitch
diameter:face width ratios equal to 6.0, 7.15 and 8.60
respectively. The rule may be constructed for the selec-
tion for gears of other dimensions, the examples given
for scales 78, 71 and 72 being illustrative only. To aid
those skilled in the art to adapt the slide rule gear selector
herein described for gears of predetermined pitch diame-
ter:face width ratios, the following empirical formula
for the longitudinal offset between the origins of the gear
ratio and pitch diameter-face width conversion scale may
be used:

Offset=0.413+0.003Y —0.01788

Equation (1) 40
The symbol Y in Equation (1) is equal to the pitch diame-

ter divided by the face width.

By calculation of the longitudinal offset through sub-
stitution in Equation (1), those skilled in the art will be
to properly align gear ratio and pitch diameter-face width
conversion ‘scales for a wide variety of gears having a
predetermined pitch diameter:face width relationships.

As was pointed out in the description of the embodi-
ments of the present invention described in part T above,
the gear selector 60 has been set up for a gear material
of 180 Brinell hardness number, and the multiplying
factors from table II may be used to convert the dura-
bility rating obtained from the rule to one for gears made
of a harder material. Similarly, the remarks made under
part I, A, relating to the selection of “gapped” double-
helical gears and changes in the AGMA surface dura-
bility rating formulae also apply to this embodiment of
the invention and, hence, need not be repeated here,

45

55

B. Specialized Gear Selector for 20° Pressure Angle,
- Stub Tooth Form, Single Helical and Double Helical
Gears

=23

0

The slide rule gear selector 68 may also be adapted for
the selection of gears having a 20° pressure angle stub
tooth form. This embodiment is similar in all respect o
to that described in II, A, above, except that the longi-
tndinal offset between the gear ratio scale and pitch diame-
ter.face width conversion scale must be altered. The
longitudinal offset for this embodiment may be calculated
from the following empirical formula:

Offset=0.462+v0.003Y —0.01788
Equation (2)

As in Equation (1) above, Y is equal to the pitch diame-
ter divided by the face width. Thus, after constructing

70

75

10

and calibrating scales of the proper dimensions, the scales
may be aligned by use of Equation (2).

Again, remarks made previously relating to the use
of gear materials of different Brinell hardness number,
selection of “gapped” double-helical gears, and changes
in the AGMA durability rating formulae apply to this
embodiment of the present invention.

II. OPERATION

Two examples are given below to illustrate the opera-
tion of the slide rule gear selectors herein disclosed for
the selection of a gear having suitable pitch diameter
and face width proportions for the application under
consideration. In each of the examples, it will be as-
sumed that the person selecting the gear has an applica-~
tion under consideration wherein he desires to select a
gear to drive a particular machine from a motor of
known output horsepower operating through a speed re-
duction gear train of known gear ratio. It is common
practice in this type of situation to compute the maxi-
mum power which the gear will be required to transmit
by applying a set of three AGMA. factors to the motor
output horsepower; a service factor (SF) to correct for
high dynamic loads, a gear position factor (J ) to com-
pensate for both the cushioning of dynamic loading and
the increased torque effect associated with later stages
of speed reduction in relation to the power source, and
a work hardening factor (W) that is used in some ap-
plications to compensate for the work hardening effect
between a pinion and a driven gear involving gear ratios
higher than 8:1. AGMA has published lists of these
factors that are generally available and they are, there-
fore, not included in this disclosure, although in many
instances it may be preferred to provide tables of such
factors on the rear panel of the slide rule gear selectors
of the present invention.

Example 1

To illustrate operation of the slide rule gear selector
24 shown in FIGS. 1-9, assume that it is desired to select
a 25° pressure angle full depth tooth form gear to ro-
tate at 80 r.p.m. to drive a heist from a 200 horsepower
motor coupled to a conventional single reduction speed
reducer having a 12:1 gear ratio for 8 to 10 hours of
service per day under uniform load conditions. The total
expected load to be transmitted by the gear is found by
multiplying 200 horsepower by SF, W and J factors ap-
propriate for this situation, which from published AGMA
tables are 1.00, 1.00 and 0.75 respectively. The 200X
1.00x1.00X0.75 equals 150 horsepower. Referring
now to FIG. 1, the slide member 42 is moved to
set 150 on the horsepower scale 43 over 80 on the gear
r.p.am. scale 38. The pointer 56 is moved within the
slot 33 until the pivot pin 52 of the pointer is set adja-
cent 12:1 on the gear ratio scale 3% and, with the pivot
pin 52 held in this position, pointer 5¢ may be pivoted
to select a series of pitch diameter and corresponding
face width dimensions that a gear should have for this
application, as judged by AGMA standards. With pointer
50 positioned as shown in FIG. 1, the appropriate pitch
diameter dimension is the nearest whole number on scale
44 to the right of the hairline 53 of the pointer, or 46
inches, and the corresponding face width is the nearest
whole number on scale 45 to the right of the hairline 53,
or 8 inches. Thus, a 25° pressure angle, full depth tooth
form single helical or continuous double-helical gear hav-
ing a pitch diameter of 46 inches and a face width of 8
inches will be appropriate for the application under con-
sideration. If desired, other pitch diameter-face width
combinations appropraite for this application may be
selected from the rule and the final selection ultimately
determined on the basis of available sizes of gears or, in
some cases, space limitations.

Example 11

To illustrate operation of the slide rule gear selector 68
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shown in FIGS. 10-12, assume that a 25° pressure angle,
full depth tooth form, hub gear is to be selected to drive
a machine at 220 r.p.m. from a 400 horsepower electric
motor coupled to a 12:1 conventional single reduction
speed reducer for a normal period of service of three
hounrs per day. Assuming moderate duty load charac-
teristics for the driven machine and second reduction
position for the gear to be selected in relation to the
driving source, the appropriate AGMA values for SF,
W and J are 1.00, 1.00 and 0.75 respectively. Thus,
400X 1.00X1.60X0.75 equals 300 horsepower. As shown
in FIG. 10, slide 62 is moved so as to position 300 on
the horsepower scale €9 over 220 on the gear r.p.m.
scale 67 and the appropriate pitch diameter-face width
combinations are read from the pitch diameter-face width
conversion scales 78, 71 and 72 adjacent 12:1 on the gear
ratio scales 74, 75 and 76 respectively. From scale 7¢
the pitch diameter is read as 44 inches, to the nearest inch,
and the face width is read as the nearest numeral to the
right of the gear ratio, or 7% inches; from scale 71 the
pitch diameter is read as 46 inches and the face width
as 614 inches; and from scale 72 the pitch diameter is
read as 47 inches and the face width as 5V4 inches. Thus,
a 23° pressure angle, full depth tooth form, single helical
or continuous double-helical gear that has a pitch di-
ameter:face width ratio equal to 6.00 and that has a 44
inch pitch diameter and 7%4 inch face width is appropriate
for the application under consideration; and for a similar
gear having a pitch diameter:face width ratio equal to
7.15, the appropriate gear dimensions are 46 inch pitch
diameter and 614 inch face width; and for a similar gear
having pitch diameter:face widih ratio equal to 8.60, the
appropriate dimensions are 47 inch pitch diameter and
515 face width.

From the above description and foregoing examples, it
will be apparent to those skilled in the art that this inven-
tion provides a unique slide rule gear selector that great-
ly facilitates the selection of gears in accordance with
accepted engineering standards, such as those set up by
the American Gear Manufacturers’ Association. It has
been found that the gear selections of the present inven-
tion are quite accurate and results computed therefrom
are substantially in agreement with results computed by
empirical substitution in the published AGMA formulae.
On the basis of 450 selections made with the embodiment
shown in FIGS. 10-12, it has been found that 95% were
within 5% of the results obtained through substitution in
the AGMA formula. It is estimated that 90% of the
results obtained from the universal gear selector shown
in FIGS. 1-9 will be within 5% of the results obtained
through substitution in the AGMA formula. It is ap-
parent that the accuracy obtainable from the slide rule
gear selector will largely depend upon the accuracy in
which the scales are laid out and proportioned, and that
a high degree of accuracy is obtainable. While the nu-
merical values of the various scale dimensions for both
scale calibration and alignment have been expressed ac-
curately to either two or three decimal places, it is ex-
pected that those skilled in the art will be able to vary
these dimensions and still remain within the scope of this
invention. The dimensions disclosed hereinabove are
those which have proved most satisfactory from the
standpoint of accuracy and are therefore considered pref-
erable for the particular gear tooth forms to which they
pertain. Other tooth forms may require different di-
mensions and, in some applications, satisfactory accuracy
may be obtained with dimensions that vary irom those
disclosed.

I claim:

1. A selector for gears having a predetermined involute
tooth form comprising, in combination: a pair of mem-
bers movable with respect to one another; one of said
members having first, second and third windows and a
narrow slot with a logarithmic gear r.p.m. scale adjacent
the first window and a logarithmic gear ratio scale ad-
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jacent the narrow slot; a logarithmic horsepower scale
and a logarithmic pitch diameter scale and a logarithmic
face width scale on the other of said members, a portion
of said horsepower scale underlying said first window
and viewable therethrough, a portion of said pitch diam-
eter scale underlying said second window and viewable
therethrough and a portion of said face width scale un-
derlying said third window and viewable therethrough;
and a pointer member arranged for pivotal and sliding
movement relative to said pair of members, said pointer
member having a visible center line adapted to overlie
selected portions of said pitch diameter and face width
scales and a pivot pin arranged within said narrow slot;
said scales being laterally and longitudinally aligned and
the lengths of successive logarithmic cycles on each of
said scales being calibrated to permit selection of gears
in accordance with preselected surface durability rating
formulae.

2. A selector for gears having a predetermined involute

tooth form comprising, in combination: an outer case
having front and rear panels joined together in spaced
apart relationship to define a longitudinal channel there-
between; a slide movable within said channel relative to
said outer case; a first window in the front panel of said
outer case; a logarithmic gear r.p.m. scale on the front
panel adjacent said first window; a logarithmic horse-
power scale on said slide, a portion of said horsepower
scale underlying said first window and viewable there-
through; a second window in the front panel of said
outer case; a logarithmic pitch diameter scale on said
slide, a portion of said pitch diameter scale underlying
said second window and viewable therethrough; a third
window in the front panel of said outer case; a loga-
rithmic face width scale on said slide; a portion of said
face width scale underlying said third window and view-
able therethrough; a narrow slot in the front panel of
said outer case; a logarithmic gear ratio scale on said
front panel adjacent said narrow slot; a pointer member
between said outer case and slide having a center line
visible through said second and third windows and fur-
ther having a pivot pin within said narrow slot, said
pointer being slidable along said slot and pivotable about
said pin; said scales being laterally and longitudinally
aligned and the Iengths of successive logarithmic cycles
on each of said scales being calibrated to permit selec-
tion of gears in accordance with preselected durability
rating formulae.
"~ 3. A selector according to claim 2 wherein said horse-
power, gear r.p.m. and gear ratio scales are non-uniform
logarithmic scales having the lengths wof successive log-
arithmic cycles therein arranged in geometric progres-
sion and said pitch diameter and face width scales are
uniform logarithmic scales with successive logarithmic
cycles of equal length.

4. A selector according to claim 3 adapted for selec-
tion of single helical and continuous double-helical gears
having a 25° pressure angle involute full depth tooth
form, wherein said horsepower, gear r.p.m. and gear
ratio scales have cycle multipliers substantially equal to
1.024, 0.948 and '1.136 respectively; and said gear r.p.m.,
gear ratio, pitch diameter and face width scales have
length factors substantially equal to 0.969, 0.934, 2.838
and 2.835 respectively; the pitch diameter scale being
laterally spaced apart from the gear ratio scale on one
side thereof and the face width scale being laterally
spaced apart from the gear ratio scale on the opposite
side thereof at a lateral distance substantially equal to
2.257 times that for the pitch diameter scale; and the
point on the pitch diameter scale at which. pitch diameter
equals 10’ and the origin of the face width scale both
being longitudinally offset to the left of the origin of
said gear ratio scale, the ratio of said offsets to the length
of the logarithmic cycle of the horsepower scale wherein
horsepower varies from 1 to 10 being substaniially equal
to 0.530 and 0.877 respectively.
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5. A selector according to claim 2 adapted for selec-
tion of single helical and continuous double-helical gears
having a 20° pressure angle involute stub tooth form,
wherein said horsepower, gear r.p.m, and gear ratio scales
have cycle multipliers substantially equal to 1.024, 0.948
and 1,136 respectively; the length factors of said gear
r.p.m., gear ratio, pitch diameter, and face width scales
being substantially equal to 0.969, 0.934, 2.838 and 2.835
respectively; the pitch diameter scale being laterally
spaced apart from the gear ratio scale on one side thereof
and the face width scale being laterally spaced apart from
the gear ratio scale on the opposite side thereof at a
lateral distance substantially equal to 2.257 fimes that
for pitch diameter scale; and the point on the pitch diam-
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eter scale at which pitch diameter equals 10" and the
origin of the face width scale both being longitudinally
offset to the left of the origin of said gear ratio scale,
the ratio of said offset to the length of the logarithmic
cycle of the horsepower scale wherein horsepower varies
from 1 to 10 being substantially equal to 0.577 and
0.928 respectively.
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