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PATENT OFFICE

UNITED STATES

SAMUEL I. CONE, OF PORTSMOUTH, VIRGINIA, ASSIGNOR TO CONE GEARING CORPORA-

TION, OF NORFOLK, VIRGINIA, A CORPORATION OF “VIRGINIA

HINDLEY WORM GEAR

‘Application filed June 27, 1925, Serial No. 40,113.

This invention relates to an improved

- Hindley worm gear. '
Objects of the present invention are to pro-
vide a worm of the hourglass or Hindley
5 type and a mating wheel; having thread and
teeth both formed in accordance with prin-
ciples of design which are of such character

as to lend themselves to the application of

defnite co-ordinating mechanical processes
10. which, when solely employed, result in the
production of parts poskessed of ideal inter-
meshing qualities; to-provide a design of

worm and wheel in which there exists a cer-

“tain precision of mating between the thread
-18 and teeth throughout the léngth of the worm,
possessing the maximum amount of surface
contact and presenting when actuated a pure-

ly sliding engagement of surfaces; and to

. provide a worm and wheel with thread and
20 teeth so designed in form that the ‘applica-
tion of a simple and definite cutting method

. will complete each element, thus Tendering
unnecessary such modifications as would
otherwise be required to-more nearly accom:

25 plish this end. p _
As is well known, the uses and principles

of -operation 0f the hourglass or Hindley
worm are in' common with those of ‘the or-

~ dinary or straight worm, the former embody- -

30 ing modifications of form which increase its
_capacity of closeé intermeshing with the wheel
teeth and by which it overcomes to a great ex-
tént the very natural defect existing in the use

of the straight worm due to the concentration

36 of the transmitted load. "These modifications

of form embraced in the- hourglass type of

worm result also in’ changing the character of
the working contact between the thread and
“the wheel teeth which in the use of the straight
worm partakes of both rolling and sliding
qualities while in that of the hourglass worm

a-sliding quality alone exists. It is, there-

- fore, apparent that a worm of the hourglass
type and its mating "wheel, a combination

45 though only approximately formed as hereto-
~ fore produced, may possess advantages over

- a system in which the worm is straight. - -

_ The object of the present invention is, there-
-fore, to so provide an hourglass worm thread
and its mating wheel teeth that the assembled

‘the principles being simple and such that

‘the axes or rotdtion. .

parts will show precision of engagement when
taken through the axial section and will result
in the minimum departure from surface con-
tact when taken above or below said section,
55
those skilled in the art may definitely apply
them in producing the parts, thus eliminating -
the practice of “second cutting” or grinding
and - the resulting uncertainty of contact
value. o _ ‘ ‘
It will be understood that in order to pro--
vide the intimate mating qualities set forth
herein, it is essential during the flank finish- -
ing operation in connection .with forming
each member to have the cutting edges of the

60

()

‘tools follow the natural conformity, respec- -

tively, of the thread flank of the worm and
the tooth flank of the wheel in its passage
through' the other member. Otherwise
stated, the cutting action of the tools in pro-
ducing each member must conform substan-
tially to the action of wear which would take
place when the finished parts are operated
in service, ‘It will, therefore, become appar-
ent that the time relationship and center dis-
tance between the axes of rotation must be
in accordance with the actual working con- -
ditions. . - C S

Thé said conditions may be fulfilled by
rotating a work blank and ‘cutter about axes
perpendicular- to each other in the prede-
termined timed relation and having the said
blank and cutter asume relative positions as
in service, including the working center dis-
tance between the axes of rotation and then g5
cutting the threads on the worm, or teeth on
the wheel, by means of end cutting tools radi-
ated out during the cutting operation, while
maintaining a fixed distance between the cen-
ter of rotation; or by edge or side cutting 9o
tools made thinner than the required tooth -

70
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or thread gap and thé feed required to pro-

duce the correct.form and width of tooth
and thread gap being' accomplished by a
change in the relative position of the cutter 95
and work blank, by shifting either member
angularly about 'its ‘own axis ‘while main-
taining the proper timed and position rela- ~
tionship, including fixed distances between
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It will be understood that in cutting the
worm threads, that so-called fly cutters will
produce the required form, regardless of the
helix angle or ratio selected, and that addi-
tional cutters are employed where more rapid
cutting is desired. The production of the
worm wheel presents a different problem,
in that whereas small helix angles and large

ratios may be cut substantially -correct by

means of fly cutters, in the case of large helix
angles and small ratios cutting edges repre-
senting the different positions of the thread
flanks are required, said condition coupled
with the usual requirement of more rapid
cutting makes the use of a hob preferable for
such work.

And this invention, therefore, provides for
actual surface contact between the thread of
- the worm and the teeth of the wheel, which
20 surface contact extends substantially across
- the width of the tooth at the entering end of
the worm, gradually reducing in width as
the leaving end of the worm thread is ap-
proached. This definite surface contact,
which is the maximum amount that can be

obtdined, is brought about and produced not

only by the particular method or process of
generating the worm and wheel but also by
the relation which exists between the teeth

are of a peculiar twisted shape in order ac-
curately to fit and receive the thread on the

: \u worm. The length of the worm is limited to

¥ the diameter of the circle described about the

. center axis of ‘the worm wheel, which circle
is such that the flanks of the gear teeth taken

in an axial section®through the mid-plane

+ would, if produced, be tangent thereto. -Al-
40 though the worm could be shorter in length
than the diameter of this circle, yet, if it
were made shorter, a considerable amount

of the bearing surface at the outer.end of the
worm would be lost. since this surface bear-

48 ing is greatest at the entering end of the

worm. Therefore; this particular relation
" produces the maximum amount of surface
contact which it is possible to obtain.
“In the accompanying drawings:
" Fig. 1 is a side elevation of my improved
Hindley gear with a detail view of a portion
" of the worm wheel in position to intermesh
therewith; -

o6 Fig.2isan enlarged side elevation of one

portion of the thread projection on the worm;
Fig. 3 is an enlarged side elevation of a
portion of the gear wheel for receiving the

" thread projection on the worm; :
60 Fig. 4 is a sectional view on the lines

E+—E+ of Figs. 2,3,and 16; :
Fig. 5 is a similar view on the lines

D+—D++ of Figs. 2,3, and 16;

Fig. 8 is a simila¥ view on the iines

-85 C+—C+ of Figs. 2, 3, and 16;

S

of the worm wheel and the maximum length
of the worm. The teeth of the gear wheel

Fig. 7 is a similar view on the lines
B+—B+ of Figs. 2,3, and 16; S

Fig. 8 is a similar view on the lines
A+—A+ of Figs. 2, 3, and 16; '

“Fig. 9 is a similar view on the lines 70

0—O of Figs. 2, 3, and 16; or at the mid-
plane of the worm and wheel ; ‘

Fig. 10 is a similar view on-the lines
A——A— of Figs. 2, 3, and 16;

Fig. 11 is a similar view on the lines 75
B——B~- of Figs. 2,3, and 16; :

Fig. 12 is a similar view on the lines
C——C— of Figs.2,3,and 16;

Fig. 18 is a similar view, on
D——D~- of Figs. 2, 3, and 16;

Fig. 14 is a similar view on the lines
E——FE— of Figs. 2, 3, and 16; '

Fig. 15 is an expanded diagrammatic view
of the contact between the gear teeth and the
thread of the worm, taken on sectional lines &%
a—e of Figs. 4 to 14, inclusive, and Fig. 16.

Fig. 16is a diagrammatic view on the plane
of the gear axis showing the relation between
the worm and worm wheel when inter-
meshed ; _ ’ S
Fig. 17 is a side elevation partly in sec-
tion of the worm and wheel intermeshed. -

It is universally admitted that the ordi-
nary type of Hindley worm gear, having sev-
era] teeth of the wheel in mesh with the worm %
thread, though with only a line contact, is
greatly superior to the straight type of worm
gear in which the whole load is carried on
one or two teeth and with only a point con-
tact at that, due to the form of the teeth and ¥
the rolling action between the surfaces.
This straight worm gear necessarily has a
high concentrated unit stress on the contact
points, which in the ordinary Hindley gear is -
distributed over the line contacts of the sev- 3.
eral teeth in mesh. L

This invention provides an improved
Hindley gear in which this load is further
distributed over an equal number of sur- :
faces, which extend not only across the en- 112
tire depth of all of the teeth in mesh but also
substantially across the width of the tooth
at the entering end of the worm, gradually

the lin;es ’

e

_ reducing in width as the leaving end of the

worm is approached. The surface bearings 115
or contacts of this improved Hindley gear

are as superior to the contacts of the ordinary
Hindley gear as the latter are to the contacts.

of the straight worm gear. It has been es-
tablished that this improved Hindley gear 120
gives the maximum surface contact between

‘the thread of the worm and the teeth of the

wheel. : ) : :
Referring to Figs. 1and 3, of the drawings, -

the numeral 1 indicates a gear wheel having 125

the teeth 2 formed on the periphery thereof.

The outer ends of the teeth 2 are concaved as -

at 3 sufficiently as shown in Figs. 1, 3, and 18,

to receive and properly fit the intermeshing .

worm gear. The space 4 between the flanks 130
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5 of the teeth 2 is also concaved as at 6 to
properly receive and fit over corresponding
and intermeshing portions of the worm
thread. As will appear in the ‘developments
Figs. 3 and 4, the flanks of the teeth are re-
versely curved which define thread gaps with
reverse flares. ‘In short, a top view of the
teeth with flanks so formed gives the impres-
sion of the letter S. ’
The worm 7 is provided with a thread 8 as.
shown in Figs. 1 and 2 adapted to be received
and fit closely within the recessed portion 6
of said wheel, the sides 9 of said thread 8
being adapted to wipe across the flanks 5 of
the teeth 2. The thread 8 on the worm 7 is
shown as having five turns about the core 10
~of said worm and, as such, would mesh with
five of the teeth on the worm wheel 1. The
thread 8 is adapted to engage teeth on the
worm wheel 1 throughout the length of the
worm, and the length of the worm and the
corresponding number of teeth to be engaged
may be varied as desired. E
n Fig. 17, the flanks 5 of the teeth 2 at the
axial section are straight and, if projected
through the wheel, pass within equal dis-
tances from its center 12 thus becoming tan-
gent to a circle 11 concentric with the center
12. Tt will be seen that the lines 18 drawn
tangent to this circle and parallel to each
other when projected across the intermeshing
worm will establish its maximum threaded or
working length. If this length be exceeded
the thread and teeth will become locked, thus
preventing the separation of the parts. The
-working length of the worm may be less than
the diameter of the said concentric circle but
the maximum benefits derived from the use of
the system are possible only when the limit of
40 Jength is used. '
This maximum surface contact is revealed
by an examination of Fig. 15 in which the
contacts between the worm thread and the
- teeth are illustrated, the paired lines of the,
45 working faces being shown converg'ng, unit-
" ing, and diverging respectively. The con-
tacts are thus presented in their most unfav-
orable aspect since the engagements shown
~are active across the whole tooth depth.” In
50 Figs. 4 to 14 inclusive are shown the contact
or space values at the various levels as O,
A+, A—, etc. Examination of these refer-
ring also to Fig. 15 will show the values in
both directions as 14, 15, 16, 17,18, 19, 20, 21,
55 22, 23, and 24. The worm thread, as shown,
is left handed and when operated to left will
create pressure between the alternating pairs
.of contacting surface lines as' indicated by
the arrows L and in the direction shown. 1t
€ will be noted that the first pair of lines L rep-
resenting the entering end of the thread are
almost completely coincident while the coin-
cidence of the succeeding pairs I, is reduced
in a uniform order, the final pair representing
#5 barely more than line contact of the thread
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8

and tooth. ~ If the drive be reversed in direc-

tion the engaging contact will be represented.
by the pairs of lines marked by and in the

direction of the arrows R, which will also -

represent a reversal of the order of bearing
values. Thus, it is shown that the entering
end of the worm thread, whichever the direc-
tion of rotation, will possess the greatest sur-
face bearing value, hence the importance of
the maximum permissible working length for
the worm. The bearing value fluctuates to
some degree near the entering end of the
worm thread due to the position in rotation
of the latter, the minimum occurring immedi-

ately before the end of the thread engages the .,

tooth and the maximum immediately after. -
Referring to Fig. 17, it will be seen that the

0

(334

€0

concentric circle 11 subtends the tooth angle .-

in the axial section, its diameter thus being
determined by said angle, and since the work-
ing length of the worm equals this diameter it
follows that the worm length is controlled by
the tooth angle. R

The sides of the teeth being coincident
throughout the axial section with the straight
side lines of the worm thread it is evident
that the correct thread form may be gener:’
ated on the rotating worm by moving these
Iines in their fixed relationship to each other,
or a tool with cutting edges corresponding to
these lines, about an axis coincident with the
axis of the wheel and in the axial section, the
desired ratio of movements of
observed. o

Since the s'de lines of the teeth must coin-
cide with those of the worm thread in’the
axial section, it follows that the principles of
formation for both must possess somethingin
common. ' o

Therefore, if the wheel in Fig. 17 be ro- -
tated about its axis the sides of its teeth in

Yo

parts being -

150

105

one. direction will each in its turn become -
coincident with the line 13 at one end of the

worm, while those of the other sides of the
teeth will in turn likewise coincide with the
line 138 at the other end of the worm. Since -
these lines 18 are parallel to each other and.
at right angles to the worm axis, it follows
that by rotating the generating lines 2a, or
tool edges, about an axis coincident with the
worm axis in the planes of the lines 13 the
proper tooth twist will be generated on. the

‘rotating wheel, the desired:ratic of move-

ments of parts being observed.

As the generating lines: would both in
practice very infrequently pass through the
axial section at the same time, the view is
broken and -adjusted to show both.

While in the combination used in this de-
‘scription the worm has only one thread, the
utility of the principle is cbviously .not so
limited, the number of worm threads and
wheel teeth being such as required. " v
- The pitch of the worm and worm wheel is -
exactly the same, and every tooth on the

120

125



4 .
wheel that is in mesh with the worm will
have a surface contact with.the worm thread
and will bear its proportionate part of the

total load. This uniformity of contact re-
duces the unit stress and permits a uniform

" flow of oil to be carried through the teeth,

10
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20
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reducing friction, preventing heating, and
decreasing wear, thus lengthening the life
of the gear.. As a result of the worm and
wheel being of exactly the same pitch and in
uniform contact, it is evident that the worm
and wheel cannot wear out of pitch, remain-
ing in pitch in both directions until worn out,
regi::rdless of the amount of wear or back-
ash. : :

For renewing either the worm or wheel of
this improved Hindley gear, it is only neces-
sary to know the center distance, pitch, ete.
to make either 2 worm or a wheel which will
fit the corresponding wheel or worm that
does not need renewing. With the ordinary
Hindley gear, both the worm and wheel must
be renewed in case either one breaks down

or wears out, and needs replacement, each
2 wheel fitting on to the worm with which it

was made, and vice versa, and will fit no

other part made of different type. As the

worm and wheel of my improved Hindley
gear are not ground together and are mot

dependent on each other for accuracy of fit, -

it is not necessary to renew both when only
one is worn out. . :
Thus, it will be seen that sctual surface

. cantact is had between the thread of the

35

40°

.45

50 -

worm and teeth of the wheel of my improved
Hindley gear, which - distributes the load

over the maximum surface of each of the

teeth in mesh, giving the maximum surface
contact between the teeth and thread as op-

posed to the nearer line contact which is the

most that. it is possible to

ordinary Hindley gear.
Iclaim: - = .
1. The combination of a worm of the hour-

obtain with the

> glass type having threads generated about

an axis coincident with that of the Inating
wheel and in the axial section of the worm;
and a mating wheel having the sides of .its

. teeth generated. by lines rotating about the
worm axis in planes at right angles to the.

worm axis, said planes being two in number
and each an equal distance from the plane

~ -of the wheel axis and in opposing directions

55

60

65

therefrom, the same producing surface con-

tact substantially as described.

2. Gearing comprising worm and worm
wheel elements of the hourglass type, the
thread of the worm being of constant axial
pitch and of length not exceeding the di-
ameter of a circle described about the center
axis of the mating wheel element and such
that the flanks of the thread if projected in
axial section would be tangent to it, the
teeth having reversely curved flanks whereby
when the worm and worm wheel are inter-

¥
3
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meshed and in relative motion there is afford-
ed more than point or line contact. ‘

3. Gearing comprising worm and worm
wheel elements of the hourglass type, the
thread of the worm being 'of constant axial

pitch and of length not exceeding the di-

ameter of a base circle described about the

center axis of the mating wheel element and

such that the flanks of the thread if. pro- -
jected in axial section would be tangent to it,
the teeth having reversely curved flanks de-
fining thread accommodating spaces with re-

-verse flares, - : v

4. Gearing comprising worm  and worm
wheel elements of the. hourglass type, the.
thread of the worm being ‘of constant axial
pitch and of length not exceeding the di-
ameter of a base circle described about the
center axis of the mating wheel element and
such that the flanks of the thread if projected-
in axial section would be tangent to it, the

teeth having reversely curved flanks defin-

(3

ing thread accommodating spaces with re-

verse flares, for the purpose and with the re-
sult of establishing substantial surface con- -
tact which is at its maximum at the enterin,
end and declines towards the leaving end o
the worm thread whether the drive be for-
ward or.reverse. :

‘5. A gear of the Hindley type, including, g5 -

a worm, and a worm wheel whose flanks"
when projected in the midplane become .tan-

gent to a circle circumscribed about the axis
of the wheel, said flanks having warped sur-

faces, the worm substantially equaling in

lengtil the diameter of said circle and hav-

ing a constant axial pitch. :

100

6. The combination of a worm of the hour-

glass type, having threads formed about an
axis coincident with that of the mating wheel
and in the axial section of the worm to pro-
vide for constant axial pitch, and a mating
wheel having teeth generated in conformity
with the worm thread flanks and whereof the
flanks present warped surfaces formed on re--
versed curves. = .

7. A system of gearing comprising, in com-
bination, 2 worm wheel having teeth, the
flanks of which are sinuously warped, and -
a worm generated to intermesh therewith
with substantial surface contact. -

In testimony whereof I affix my signature:
+ SAMUEL 1. CONE.
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