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Figure 10 is an isometric view of an eight-tooth 

pump gear embodying the invention. - 
Figure 11 is an end elevation of a ten-tooth 

gear embodying the invention. 
Figure 12 is a fragmentary side elevation of a 

cutter arbor, part being broken away to show a 
cutter in section. 

Figure 13 is an enlarged section on the line 
3-3 of Figure 12. 
By way of example, the drawings illustrate the 

characteristics of an eight-tooth gear embodying 
the invention, and tools by which such a gear 
may be easily and accurately produced, but the 
invention is not limited to gears of any specific 
number of teeth. A finished gear is illustrated 
in Figure 10, this gea' being characterized by the 
following features. Its helix angle is so related 
to its axial length that the face profile of each 
tooth at one end is axially alined with the face 
profile of the next tooth at the other end. Thus 
the angular advance of the helix from one end 
face of the gear to the other is one full tooth in 
terval. As a result, every phase of tooth engage 
ment is present at every instant when two such 
gears are in mesh. The normal profile of the 
teeth of the gear shown in Figure 10 is conjugate 
to a basic rack composed of portions of ellipses. 
The face profile of these teeth is conjugate to a 
basic rack which is segmental, that is, composed 
of arcs of circles. 
Gears having the foregoing characteristics can 

be conveniently and accurately made in the fol 
lowing manner. The pitch diameter and number 
of teeth for the gear are arbitrarily adopted. If 
a helix angle is then selected, the corresponding 
axial length of the gear can be computed which 
will keep one pair of mating teeth in contact with 
each other at the pitch point along the helix for 
an angular distance practically equal to one tooth 
interval. A value for the minimum pressure 
angle is adopted. From the foregoing values the 
circular pitch is readily calculated by dividing 
the pitch circumference by the number of teeth. 
The form radius is then found by dividing one 
fourth of the circular pitch by the COSine of the 
minimum pressure angle. Multiplying the form 
radius by the cosine of the helix angle gives the 
tool point radius. 
A forming tool may now be made by taking a 

cylinder with a radius equal to the tool point 
radius calculated as described. This cylinder is 
then slabbed off at an angle equal to the helix 
angle. The slabbed face is an ellipse having a 
major diameter equal to twice the form radius 
of the tooth. 
By way of example, Figures 2 and 3 show a 

forming tool for an eight-tooth gear, consisting 
of a cylinder 20 having an end slabbed off at an 
angle of 35 to form an elliptical end face 22. 
This forming tool is used to cut the grooves in a 
cutter 24 (Figures 12 and 13) by means of which 
the gear is generated as hereinafter described. 
To this end, the cylinder 20 may be securely 
mounted in a suitable holder 26 having a block 
28 drilled to receive the cylinder so that the 
slabbed end face 22 will be perpendicular to the 
cutting movement of the tool. A complementary 
tool may be made by drilling a hole through the 
block 30 of a holder 32 at an angle of 35 to the 
kong axis of the holder, the hole having a diam 
eter equal to that of the cylinder 20. The block is 
then cut away as indicated in Figure 6 to leave 
a little less than half the original hole. A face 
34 of the block is made accurately parallel to the 
long axis of the holder so that the intersection 
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of the hole with this face forms a concave ellip 
tical edge 38 exactly complementary to the con 
vex elliptical edge of the end face 22 of the cylin 
drical forming tool. This concave edge is used to 
cut the ridges on the cutter 24. 
By means of the forming tools, suitable tools 

for generating gears may be prepared. For ex 
ample, a cutter 24 may be made, this cutter hav 
ing a cylindrical shape with a cut-away portion 
36 forming a cutting edge 8. This cutting edge, 
as indicated in Figure 12, has the contour of a 
basic rack with elliptical teeth, that is, teeth hav 
ing contours consisting of portions of the ellipse 
defined by the face 22 of the cylinder 20. It is 
evident that the cutter 24 can be sharpened re 
peatedly without altering the contour of its cut 
ting edge 38. A cutter of this kind is equivalent 
to a one-tooth hob, and, while it is an example 
of one way of making gears of the kind described, 
it is not the only way nor the best way of making 
such gears commercially. Any of the known or 
customary methods of gear-making, suitable for 
this type of gear, may be employed as desired. 

Cutters such as that illustrated in Figure 12 
can be used to make gears of different charac 
teristics. For example, the helix angle may be 
altered, thus changing the minimum pressure 
angle and the circular pitch, or gears may be 
made having a different number of teeth, in 
which case there is a change in the minimum 
pressure angle. Figures 10 and 11 illustrate gears 
of eight and ten teeth, respectively, in which the 
invention is embodied. 
In order to illustrate the invention specifically, 

the characteristics of an eight-tooth gear have 
been calculated and laid out on the basis of cer 
tain arbitrarily assumed dimensions, the results 
being indicated in Figure 1. In this specific ex 
ample, a tool point is made by slabbing off at an 
angle of 35 a cylinder having a radius of .107', 
the slabbed face thus having the shape of an 
ellipse, the minor semi-diameter of which is 
.107', the major semi-diameter being .1306'. 
This ellipse is illustrated on a magnified scale 
in Figure 1 as the end face of the forming tool. 
An end portion of this ellipse (necessarily some 
what less than half) coincides with a portion of 
the cutter form, this form being that of a basic 
rack conjugate to the normal profile of the gear 
teeth. Such profile is thus composed of alter 
nately inverted segments of the ellipse similar 
to the portion indicated, the long axis of these 
Segments being perpendicular to the pitch line of 
the rack. In the example illustrated, the pitch 
line of the rack is 0294' from the center of the 
ellipse. This results in a minimum pressure angle 
of 11 for the basic rack on the normal circular 
pitch, or 13 for the basic rack on the circular 
pitch, where the helix angle of the gear is equal 
to the slabbing angle of the tool point so that the 
face profile of the gear is segmental. The tooth 
depth of this gear is .2025' which is .3977 times 
the circular pitch or 4854 times the normal circu lar pitch. 
The foregoing figures relate to a single example 

of an operative gear embodying the invention. 
Operative gears can be made with the same tools, 
having a different helix angle or a different num 
ber of teeth, or both. If the helix angle differs 
from the slabbing angle of the tool point, the 
face profile of the gear will be conjugate to a 
basic rack having elliptical teeth. By starting 
with tool points slabbed at greater angles and 
consequently having elliptical faces of greater 
eccentricity, operable gears can be made having 
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minimum pressure angles smaller than those in 
the example illustrated, and consequently with 
ratios of tooth depth to circular pitch and to 
normal circular pitch materially greater than 
4. and 5 respectively. There are practical con 
siderations, such as increasing difficulty in ac 
tually making the gear, that limit the extent to 
which it is desirable to reduce the minimum 
pressure angles or to increase the helix angle. 
In designing any particular gear in accordance 
with the present invention, such considerations 
must be weighed against the advantages of in 
creased tooth depth such as the increase of pump capacity. 
The embodiments of the invention herein de 

scribed are given by way of illustration and not 
of limitation. Various modifications and changes 
may be made therein without departing from the 
spirit or scope of the invention as defined in the following claims. 

claim: 
1. A gear for a gear pump or motor, having 

teeth with normal profiles which are conjugate 
to a basic rack having teeth defined by portions 
of ellipses the major axes of which are perpen 
dicular to the pitch line. 

2. A helical gear for a gear pump or motor, 
having a helix angle so related to the axial length 
thereof that the face profile of each tooth at one 
end thereof is axially alined with the opposite : 
face profile of another tooth, said teeth having 
normal profiles conjugate to a basic rack having 
teeth defined by portions of ellipses the major 
axes of which are perpendicular to the pitch line. 

3. A helical gear for a gear pump or motor, 
having a helix angle such that the face profile 
of each tooth at one end thereof is axially alined 
with the opposite end face profile of the next 
tooth, said teeth having normal profiles conju 
gate to a basic rack with elliptical teeth and end 
face profiles conjugate to a basic rack with seg 
mental teeth. 

4. A gear for a gear pump or motor, having 
teeth with a normal profile which are conjugate 
to a basic rack having teeth defined by portions 
of ellipses the major axes of which are perpen 
dicular to the pitch line, said rack having a mini 
Inun pressure angle of substantially 11. 

5. A helical gear for a gear pump or motor, 
having a helix angle such that the face profile 
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of each tooth at one end thereof is axially alined 
With the opposite end face profile of the next 
tooth, said teeth having normal profiles conju 
gate to a basic rack having teeth defined by por 
tions of ellipses the major axes of which are 
perpendicular to the pitch line, said rack having 
a minimum pressure angle of substantially 11. 

6. A gear for a gear pump or motor, having 
teeth the normal profiles of which have a tooth 
depth approximately equal to .4 times the cir 
cular pitch, said normal profiles being conjugate 
to a basic rack with elliptical teeth. 

7. A helical gear for a gear pump or motor, 
having a helix angle such that the face profile 
of each tooth at one end thereof is axially alined 
with the opposite end face profile of the next 
tooth, said teeth having normal profiles conju 
gate to a basic rack with elliptical teeth, said 
normal profiles also having a tooth depth approx 
imately equal to .5 times the normal circular pitch. 

8. A helical gear for a gear pump, having a 
helix angle so related to the axial length thereof 
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that the face profile of each tooth at one end 
thereof is axially alined with the opposite face 
profile of another tooth, the tooth form of said 
gear having a continuous and closed line of 
action within the outline of the tooth profile, 
said normal profile being conjugate to a basic 
rack having a minimum pressure angle of sub 
stantially 11. 

9. A helical gear for a gear pump, having a 
helix angle so related to the axial length thereof 
that the face of each tooth at One end thereof 
is axially alined with the opposite face profile of 
another tooth, the tooth form of said gear having 
a continuous and closed line of action within the 
outline of the tooth profile and a tooth depth 
approximately equal to 5 times the normal cir 
cular pitch. 

10. A helical gear for a gear pump, having a 
helix angle of approximately 35° and an axial 
length such that the face profile of each tooth 
at one end thereof is axially allined with the 

is opposite end face profile at the next tooth, the 
tooth form of said gear having a continuous and 
closed line of action. Within the Outline of the 
tooth profile and a tooth depth not less than 4 
times the normal circular pitch. 

FRANCIS. W. DAVIS, 


