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Application filed QOctober 28, 1323. S:eri‘al'No. 669,889,

My invention lehtes to gearing and more
particularly to differential oealmo for au-
tomobiles and the like, for drlvmo the two
axle sections of a driving axle of a motor
driven vehicle.

It is desirable to permit differentiation
between the two driving wheels while the
somcle rounds a curve. Tt i is also desirable
to prevent stalling of the vehicle by idle
spinning of a dl‘lVan‘ wheel that loses its
traction.  These two 1equnemen.ts are
fundamentally in conflict in the usual type
of differential now employed in power vehi-
c‘es The so-called “locking” differential
has been developed to mneet “these require-
ments. This so-called locking differential
has been proposed in three fundamental
types—

(1) The over-running clutch type such as
1g disclosed in the Umted States patent to
Rogers, No. 1,002,870.

(‘?) 'The lockmo worm and worm wheel
type such as is disclosed in the U. S. patent
to Brown, No. 1,268,429.

(3) The cam and friction type such as
15 shown in my copending application No.

358,389. '

The. over-running -clutch type was first
developed. It is least advantageous as no
trie differential action occurs. All the
torque is put upon thé slower moving wheel
at all times and the faster movmo “wheel
runs ahead idle. Generally if it runs ahead
too far it causes -trouble. This type so far
has proven impracticable.

The second type employing a locking
worm and worm gear or its equivalent was
next developed while the cam and friction
type was last developed. In both of the
second and third types a sliding friction be-
tween the $wo pressure elements occurs: Of
these two types the last is more advan-
tageous. The locking worm type embodies
considerable difficulty in the manufacture
of the worm and worm wheels, and it en-
tails a sliding friction for normal differen-
tiation as weﬂ as for lockmrr
relatively high pressure on hmu;ed areas,
1'a})1d wear Fesuhs The last form is sim-
pler and AP’)G‘IIS so far to’ give the- bhest
resuits.  Its use entails conmdemble addi-

tional expense over the plain differential
and. it introduces an. element of b‘tck—lash
B3y hwh is. not des;mble, but it is. preierable
fo the earlier types. In said last-form the

Due to the

usual driving pinion and ring gear together
with the cage, bevel pinions and bevel Wheels
are employed, and then there are provided
additional cam means for performing the
function of securing a thrust either radial
or axial with 1espect to the axle sections
which produces the desn‘ed friction. "These
additional “elements require 1dded expense
and a compiete re-design of the differential.
That is to say, they cannof be substituted
for st(mdard parts now in existence,

I have conceived that the additional cam
mechanism, which is requlred by the last
type above referred to, may be dispensed
with as such and the camming function em-
bodied in the co-operating teeth of the dif-
ferential gears and pinions ‘themselves. I
have further conceived the possibility of
substituting such novel gears for the stzmd-
ard gears now in use on cars and in the
place of such gears without requulng f.ur
ther room.

The teeth which I term gear teeth are, in
fact, gear teeth, and function with the usual
rolling action to transmit power.

I fulfil in the construction of my inven-
tion two conﬂmtm(r requuemen‘cs, namely :—

(1) Rolling frlctlon for power transmis-
sion,

ktnrow the teeth out of mesh by a hdmfr
cam action between the teeth.” In other
words, the prior art conception of external

camuming surfaces which press the meshing

oear teeth into each other tending to cause
bot*ommo and excessive wear, such as is
ﬂ]uufmted in Figure 1 of the accompany-
ing drawings, has now been reversed and
Lhe meshing teeth spread their gears apart
to secure the clutching - action ‘wamst ths
cage without any mtermedlate mech‘uusm
or mvlbplymo means such as multiple disc-
dutch mechanwm or a cone- clutch mecha-
nism,

To carry my invention into effect, it is
necessary to construct speclal tools " since
the gears of my mventlon cannot be’ cut
ter as I found upon trylncr to have them cut
for the first time.

Now, in order to explain firsi the broad
principles of my invention as required by
the stat hte, I shall vefer hereafter to the

(2) Large reaction pressure tending to
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ful in giving an understanding of my in-
vention.

On Sheet 1, Figure 1 is a diagrammatic
showing of the type of device such as is
shown 1n my co-pending application, Serial
No. 358,389, filed February 13, 1920, and
above referted to as the cam and friction
type of locking differential;

T*m 2 is a diagram illustrating the pres-
sure an()le of the teeth of a gear; .

Fig. B s a di z(mmnmuc illustration of
the an(ﬂe B 111dmat1nn the ‘moul‘ult; of a
pinion “and gear of a pair of bevel gears;

Fig. 4182  chart ¢ showing the mathematical
tan, oenL curve;

I*w isa dla”lal‘l illustrating the forces
actlno upon a gear tooth of conventional
constrnction ;

Tig. 6 is a similar diagram illustrating the
operation of forces upon a gear tooth of my
my enﬁon ;

Figs. 7 and 8 are diagrams illustrating the
nc‘uon of metal flowing into die materials;

Tig. 9 is an isometric view showing gears
and pinions with straight-teeth mounted in
a suitable cage;

Flg. 10 is a cross sectional view of a dif-
ferential embodying my invention;

Fig. 11 is a diagram illustrating the con-
struction of the teeth of gears embodying
my invention;

Figs. 12 and 13 are diagrams illustrating
the action of gears and pinions of this char-
acter; ’

Flo 14 is a cross sectional view through a
die n0ld and pinion, showing how the pin-
ion may be manufactured by drop forging;

Fig. 15 is a fl‘w*nemfuy sectional view

. taLen on the line 1515 of Fig. 14 and
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Fig. 16.is a plan view and I‘10~ 17 is a side
view of a spiral bevel pinicn of my inven-
tion.

Gear teeth as now known are of two
types—cycloidal and involute. I select the
involute type of teeth for pur poses. of illus-
tration as being the form most easily shown
and understood. This ‘type furnishes tho
requisite strength. Nearly all cominercial
gear cutting machines are equipped for cut-
ting gear teeth of this type.

Tn order to secure the desired action of
('hhmmw the gears and hence the axle sec-
tions to the cage without further multiply-
ing means, it 1s necessary that the friction
between the cage and the gear be substan-
tially equal to or greater than the tor que
Lendlnq to move these parts velatively to
each other.

Assuming that in a differential of the

above type:
=T (1)

where T is the friction moment holding or
]utchmfr the wheels and cage togsther, and

586,861

T is the torque at unit radius tending to
move the parts with respect to each other.
Now, the force of friction depends upon
the arvea A, the coeflicient of friction £, the
mean radius of the friction surface R, and
the pressure P upon said surface or area, so

that:
AfPR=T (2)

The circular area of contact between the
cheek of the gear wheel and the cage may be
represented by the following equation :

A=<R* (3)

where, however, R has been chosen as unit
radius. This assumption of the value of A
is slightly too large because of the space
taken up by the axle sections, but this as-
sumption will be sufficiently close for our
purposes.

We will assume therefore,

A= (4:)
P=Tx tangent ¢ (5)

because the axial pressure tending to force
the wheels apart and into enoqaement with
the cage is a function (t'moent) “of the angle
@ of engagement of the teeth for stlalolu
gears. How ever, for bevel gears, this nust
be modified by a function of the angle B
shewn in Figure 8. Therefore, for bevel
gears as is the case at present:

P cos B=.8TP (6)
where the angle B is 30° on the pinion as
may be assumed to be the case in the present
construction, . Hence equation 2: becomes:
tangent aXxf=T (7)
and assuming for purposes of illustration a
value for f of .25, we may write the equation

as follows:—
3.1416 X .87 X 25=cota (8)
cot =684 (9)
a=55°—30"

=1 cos B

(10)

However, the above calculations for angle o
merely indicate the general nature of the
angle required. The value ot f chosen above
may be high. Hence, it is likely that a
steeper angle may be required under normal
conditions 1f the friction is to be great
cnovgh to hold or clutch the parts towethor
completely. Where a complete locking is
not required, and this would be the average
condition, the angle need not be quite as
large. In general, however, the angle must
be in excess of 45° in order to secure a
greater pressure upon the clutch element
than the tangential tooth pressure. In prac-
tice T prefer to use a pressure angle hetween
50° and 70°.

1t is known that in caleulating the num-
ber of teeth upon a pinion with present com-
mercial gear profiles the lowest number that
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will give contirinous action without under-
cut is 12 teeth, and commercial gears are
figured upon a basis of 12-tooth pinions as
the lower limit. Pinions of less than 12
teeth are special.

In order to substitute the. present gears
and pinions for prior nommcroml gears and
pinions, it is necessary to keep tne same
relative size of the parts and this favors
the use of pinions of less than 12 tecth. The
12 tooth mormal pinion is figured as the
smallest number which will CO'lsmntly give
smooth continuous action.

In practice I have constructed the pinion
of 8 teeth using a 60° pressure anole and
have secured satisfactory operation. There
are two conflicting reguirements to be met:
First, the desnablh’w for uniform motion
between: the gears and pinions whicl would
normally compel a 12-tooth pinion. Second,
the necessity for a relatively long tooth o
permit of the outward play o{ the gear
wheels with respect to the pinions in their
clutching action after the parts have worn
loose. Dut the first requirement for con-
tinuous action cannot be satisfied by increas-
ing the number of teeth. Increase in the
numbér of teeth with a pressure angle as
large as I employ will not give uniform mo-
tion as the ratio between the arc of cor-
rect roll and the pitch remains constant.
Hence all that increasing the number of
teeth would do is to decrease the amount of
inequality by bringing the piteh cirele, root
circle and tip circle closer together as the
teeth become shorter and to increase the
frequency of the irregularity. A certain
amount of play must be allowed to ensure
meshing of the teeth after prolonged wear
as above referred to. - That is to say, the
pinions must be able to force the gears
out axially to secure the eclutching action
after long wear. If the motion required to
secure the Clutching action weére in excess
of the length of the teeth, obviously the
teeth would s slip past éach other and break-
age might be expected.

I am aware that it has heretofore been
proposed to employ the effects of the pres-
sure angle of the teeth to securea clutching
action Between axle sections. (See Britis sh
Patent No. 27,123 of 1911 to Goodhart, and
see British Patent No. 7,557 of 1915 to
Wolseley Motors.) But I wish to call at-
tention to several fundamental errors in said
proposals which have. kept such - construe-
tions from being usable. Tivst, and per-
haps least important, is the fact that they em-
ploy {riction multiplying devices which com-
pel a complete re-design of the differential.
Second; the presence. of these fr iction multi-
plying devices requires an excessive axial
movement of the cluteh parts greater than
is ‘periissable With gears now known rve-
sulting in at least two fatal defects.

(1) By the unusual separation. of the

gears stresses are created upon the teeth
1esult1no in improper action and excessive
wear.

(2) Abnormal back-lash, whieli results in
gtresses upon the teeth which they were not
designed to stand, and pu'tlcul‘u'ly results
in dis scomfort to the occupants of the ve-
hicle.

(3) Excessive wear on the teeth because
of the unusual degree of endwise motion and
the relatively small pressure angle.

I am further aware that it has been pro-
posed to increase the pressure angle to as-
sist the action of said clutclnno devmes.
This would only make matters worse in the
construction as proposed as it would reduce
the strength and wearing qualities of the
gear teeth to a greater exfent than it would
increase the friction unless other means were

employed to comlJenw ate for such change.:

Even if it did result in an increase of tooth
pressure, and hence, friction, it would pro-
duce & relatively small chang ge, that is, mere-
ly a change in degree, hecause a change of
the normal tooth angles by the deoree per-
missable in the constructions heretofore
known, would not create anything but a
small change in degree. :

For example, assumeé that the pressure
angle of the above comstruction is 1414°.
The tangent of 1414° is .26,  Now, assume
that the highest commercial angle which is
now in use were employed, ll‘LPler 2914°,
The tangent of 2214° is about .41, only about
half again greater than that of fhe previous
value. _

Tn certain of the gears which I have em-
ployed the pressure angle is 60°. The
tangent of 60° is' 1.78 or about 514 times
oreater

Now, In connection with the above enor-

mous increase in pressure which my gears

secure, I wish to call attention to a remark-
able property of my gears which marks them
as different in kind from the gears of the
prior art, and that is that the feeth are un-
brealable by the pressure of a co-acting
tooth.

Referring fo Figures b and 6 of the draw-
ings, T have shown in ¥igure 5 a tooth of
conventional design, Accmdmo to the for-
nmule and methods developed bv Mre, Wil-
fred Lewis, the stress upon a tooth may be
taken as a concentrated load upon the outer
corner of the same. This is represented by
arrow marked No. 1, normal to face of the
tooth at this point. The line of force iz
extended to the points 2 where it intersects
the median radial line of the tooth. At this
point the force is resolved into its coni-
ponents represented by arrows 3 and 4 radial
and tangential respectively. A parabols
may now “be drawn throt ugh point 2 and tan-
gent to the flanks of the tooth outlined.
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This indicates at the point of ‘\‘moency the
weakest section of the tooth at the line
5—6. Now, since the force 4 acts tangential-
Iy about the pomt 6 with the lever arm equ‘ﬂ
to the line 2—7, and since the radial foree 3
acts about the pivot 6 with the lever arm
equal to the line 7—6, it can be seen that
increasing the force 1 will break off the
tooth along the line 5—C.

Now, referring to the diagram of Figure
6 wwhere I have illustrated a tooth cutline
embodying my invention, it can be seen that
since the force 10, which may be taken as
the load applied to the tooth, when pro-
longed falls \*uthm the base line 15—16,
{his tooth cannot be broken off by bendi ng
stresses nnpo"cd by the mpphed tooth pres-
sure, and 11 it leds it will be by C?'UChJ ng

oi shearing. Hence, the tooth is unbrea alc-
able.
I do not want to confine the invention to

teeth which are theoretically or mathemati-
cally unbreakable, but the marked increase
in teoth pressure angle which is desirable
wvur«'lin“ to my inventi ion, also carries ‘vith
1 u qiuoal ability or substantial unbreakabili-
ty in practice.

Where the angle of tooth pressure lies
arcund 45° or above that value, the desived
increase in pressure for friction purposes
appears, and also at about this point such
a vast increase in strength of the tooth oc-
curs as to give the same “the desirable result
of practical nnbreakability.

Mow, the increase in the pressure angle
which so greatly increases the pressure avail-
able for friction clutching and which makes

the teeth unbreakable ov su%s’mnmﬂlv 20, 1o-
gether with the necessity for a fairly long
tooth to give sufficient axial motion, entails
a difficulty, to-wit: a pitch so coarse #l
dis (ontmuh 7 of action occuvs. This ¢
to introduce an element of irre 'uLu drivi
if not otherwise corrected. T vechice the dis
ficulty by employing a phirality of pinions
whch while they move synchronously. ave
not in phase, that 1s, do not ge through the
same point in a cycle of operation at
same time. This is accomplished by nnequal
spacing of the earrying arms or pins about
the circumference of the differential genars,
or by employing a number of teeth on the
side gears divigible by the number of phases
but not by any multiple of the number of

e
f—
=
w®

phases. ~ If it is desived to redunce the
mequality of driving stlll farvther the
meshing teeth may be cub on a spiral of

siuch a degree that “the meolﬁmo of a paiv of
the spiral teeth will extend over the pitch
distance, 1. e.. until the next paiv of teeth
come into mesh and take up covrect driving
action.

This spiral formation may be relied upon
independently of the 1‘11"1‘1)‘1‘ of teeth, but

1,586,861

the two methods of correction work together
admirably.

While as pointed out above, it is highly
'nplopel in ordinary piacuce to separate

ears to such an extent that only one pair

£ teeth engage, according to my invention
no disadvantage results because the teﬁth are
unbrea mﬂ*le, and correct selection of the
nwaber of teeth and formation 0{ the teeth
on a spiral avoids discontinuity of drive

1 now wish to point to another novel ad-
vantage which flows from the employment of
8, ]"“oe pressure angle namely, &t or beyond
45°, and that is the ease and cLewpnesg of
construction. In practice I have employed
a 60° pressure angle with 8 teeth on the
pinions and 14 teeth on the gears as sub-
stitutes in place of the standard plmons of
12 teeth and gear of 21 teeth now employed
in the Ford Model automobile. When
an angle of this character at a consequent
coarseness of pitch of the deorea preferred
for the above is employed, it is possible to
make me gears by the well known process o
drop-forging without injury to tha steel nd
with hlghly %amsmctmy result. Where the
teeth are long 1'elati"e to their pluch distance
as in the gears of the prior art, such opera-
tion is attended with too great dlﬁcultv
"There are a number of reasons why gears
of the prior art have not been successtully
produced by drop-forging.

(1) The angle for ﬁow of the metal is
too sharp for material of the class required
for automcbile gears resulting in unfilled
cies and excessive wear upon the dies.

{2) The metal which is required for auto-
mobile gears is too tongh and difficult to
work, and i it is forced to the degree called
upon for the production of hevel pinions
heretofore known, the steel would be so much
injured as to veduce their strength consider-
ably.

(3) The teeth are so thin and long that
(,hﬂ‘inﬂ' of the teeth occcurs before uhe can
be £f>1laoc?, also resulting in uneven quality
of the steel.

Now, in drop-forging the gears of my in-
vention, the above defects are obviated and
a novel and useful effect is secamd which
pr ovideq dense, tongh working face for the

anrs pecitliarl *V adapting them to function
in tln present device.

Referring to diagrams in Tigures 7 and

8, it will be seen that in mal\mf* the pinion
of my invention, the metal enaeunv the tooth
nmuld moves mainly in a dirvec tlcm quh tan-
v normal to the working ace of the
f'nmn Since the working face of the tooth
8 111,1001“ to compr aS]O.l (hemg an unbreak-
_.,ue tooth) in excess of the bending stress
it can at once be seen that the metal is com-
pl'es;,ed and made demer st the working
Tace and the quality of the gear is Lbe1 ebv
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improved. This is readily understood when
the action of a.plastic material is considered.
The -advancing edge of a plastic material
in a mould is net sharp and will not.readily
expand laterally.

Attt were LtLuuptLd to fill the tooth of
a -standard pinicn as shown at Figure 7,
there would be difficulty first in ﬁllino the
teeth, due to the vapid cooling of the l’nei'll
and rext, due to the necessity “For expansion
after pas sing the narrow, neck at the “base of
the tooth. 'The greatest fault. would be the
weakness caused -at the: base of:the tooth by

-the excessive movement of the metal at this

point.  This movement, instead of being
gradual .and fairly :equally dlstrlbuted
would be exceedingly sharp along a line sub’
stantially radial.and forming a contmuatlon
of the flanks of the teeth.  This would in-
troduce a.line of weakness which would ren-
der the gear of questionable wvalue.  If it
were possible. to make gears by . filling the
teeth by pressure as:shown in Figure 7, the
resulting tooth would be weaker than a tocth
However, the teeth
made: by filling a die as shown in I‘loure 8,
do not . part take of such weakness, and in
faet, if properly made,  their surfaces are
stronger and denser than is the case in teeth
cut-from a solid blank, particularly so where

-the gears are restruck infinishing dies.

While I shall herein describe a differential
in which the. gears and pinions are bevel,
it is to be understood that thesame principle

gears or to the spiral bevel gears:as shown

-1in said copending application.above referred

to.
“In order to acquaint; those skilled in. the
art with the manner of constructing and
operating my invention, I shall now describe
a specific embodiment of the same in connec-
tion with the.accompanying drawings.
Referring now to the drawings,: I‘loure 1
1‘1111 trates.a/differential.of the type disclosed
in my copending application 858,389, The
cage 20 has a suitable flange 21 to which a
driving ring gear 22 is'connected. A pair of
axle gections 23 and 24 extend into the cage
and ave splined into the hubs. of the disc
members 25 and -26. These  disc members
have - friction surfaces upon their backs as
indicated .at 27 for engaging co-operating

“friction surfaces 28 formed upon the inside

of the cage 20.  These: friction members 25

-and 26 have éam teeth 30 formed upon-their

front - faces which . co-operate with - gimi-
Lar e, teeth 31 formed upon the back: of
the bevel gears 32 and 88. These bevel gears

32 and 33 co-operate with a series of bevel .
-pinlom 34 which are mounted upon suitable

pins 83, the outer ends of which pins-are se-
cured to the cage 20 and the inner ends of

swhich pins.are secured to the ring orspider
'1){)

The bevel .gears 52 4re loose with re-

‘ ‘Q,ether

-rectly to the bevel gears 42 and 43.
bevel gedrs have flat - faces 44 which are

8

spect. to the shaft sections 28 and 24 and they
transmit torque only through the teeth 30
and 31. The action of.the dewce is as fol-
lows: During normal running the two axle
sections 29 and 24 move Looether under the
torque: of the ring gear 22 “which torque is

“transmitted . pa,rtly thI‘OU.O‘h the bevel pin-

ions 34 to the teeth 30 and 31 and thus to
the 'szle sections and also partly through the

cage 20 and.the {rictional engaging surfaces

AS and 27 to the axle sectlons 23 and 24.

‘Upon.rounding a curve the differential ac-
ition occurs as before.

The. drive coming
from. the ring gear 22 is transmitted to the
two axle sections 23—24 in proper ratio but

with the addition of a certain amount of

internal friction.- The cage 20 is driven for-

-avard at: the same speedvand the outer wheel
.is driven. at.a certain. greater rate of speed

and the inner at a certain less rate of speed,
the result is:the outer wheel overruns the
cage by N per cent and the cage overruuns

the inner wheel by N per ecent, the relative

slippage of the cage with, respact to the axle

-sections being: the same upon each side.

‘Upon' logs of traction by.one wheel the

-tendency-for; that ‘wheel is: to spin-idly due

to: the-differential. .. However, the slight re-

“sistance which. the wheel smll encounters is

suflicient when acting through the cams to
cause velatively Oreat friction between the

ccage and: the a\le sections with: the result

that o lar ge part of the torque is applied. to

the. wheel Whlch has traction.
may be applied to straight or helical spur

It will now he observed: that the angle of :

-the coacting cams 30 and 31 must be rela-
-tively large in order to secure: the, pressure
‘required : for locking o1 . subst(mtlally lock-

ing ‘the frictional surlaces 97 and 928 to-

31 is. preferably conslderably In excess of
90° so that the line, of action of one tooth

-upon -another will create a greater axial

thrust than - transmitted c1rcumfel.entml
thrust or torque-at the_sa;n’;e radius.
The disadvantage of this type.of gearing

-ig'that the pressure bet\vean the teeth 20 and

31 causes the bevel gears 32 and 33 to he
thrust axially inw ar dly thuo forcing  the
teeth .of the gears 32 and 83 into the teeth
of the piiﬁorls 34 so that bolttoming of these
teeth tends to occur wwith.uns zxtlsiactom ap-
eration and rapid wear, unless means is pro-
vided to prevent it.

As above explained, I have combined the
wedging action. of the cams 81.and .30 with
the: normal. rolling or power tr msmitiiﬂ o
action of the teeth on the gears 32—33 anl
pinions 34.

‘Now, referring to Figure 9, the axle sec-
tions shown at 40 and 41 are connected di-
/These

d‘lpted to.-engage co-operating  flat sur-

-faces on. the ,mtemor :of the cage 45 as will
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be more apparent from Figure 11. A fric-
tion washer 47 which may be made of a suit-
able asbestos composition or the like is
shown at 47 between the friction surfaces
44 and 46. This, however, dces not alter
the fact that the entire friction is between
the surfaces 44 and 46 since the washer
47 is not held and there is no multiple disc
effect. ‘

The pressure for holding the friction faces
44 and 46 in clutching relation with each
other is developed by the reaction between
the teeth of the gear wheels 42 and 43 and
the interposed pinions 48. These pinions
are mounted upon pins 49 extending from
spider 50. The pinions 48 also tend to. fric-
tionally engage the cage 20 from the reac-
tion developed between the teeth and suit-
able friction washers 51 are interposed be-
tween the backs of the pinions and the cage
20. The teeth of the co-operating gears and
pinions are formed with pressure angles in
the present case of substantially 60° which
I have found to be entirely suitable in
practice, although I do not wish to confine
the invention to this value only. The redc-
tive pressure should be in excess of the
torque pressure in order that sufficient fric-
tion may be developed to secure substantial
locking of the parts under loss of torque on
one of the axle sections. As will be ap-
parent from Figure 10, the tooth shape is
that generated by the involute curve. The
pitch of the teeth is relatively coarse in
order to secure sufficient length of the teeth
so that the pressure developed may move
the gears axially without the teeth losing
contact after much wear. The teeth may be
formed either by cutting out of a solid blank
or they may be formed by drop-forging as
illustrated in Figures 14 and 15. In prac-
tice these teeth are rounded or flattened off
slightly at the tops and thus as the angle
of tooth pressure approaches substantially
45° the teeth become unbreakable by tooth
pressure applied normal to the face thereof

by coacting teeth. That is to say that the

tooth cannot be broken by bending stress,
and if it vields it will either be sheared off
or crushed. When I speak herein of mn-
breakable teeth, T do not mean teeth which
are strictly 45° or more, but I intend to
cover teeth which are practically unbreak-
able under the usual working conditions.
The teeth 52 may be either straight or spiral
on these bevel gears but the resulting cam
action is the same. The use of spiral teeth
will be explained in connection with Figs.
16 and 17. .

The manner in which this device of Fig.
11 operates is apparent from the descrip-
tion of Figure 1. When the two axle sec-
tions are advancing at an equal rate the
drive is partly through the gear teeth and
partly through the fiiction surfaces. When

nvention.
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one axle section advances at a greater rate
than the other, the advance of its comnected
gear wheel overruns the cage 20 and at the
same time the cage 20 overruns the other
axle section and its gear by the same
amount. The friction thus is substantially
equal between the cage and cach axle sec-
tion. When one wheel loses traction it tends
to take up the entire motion of the driv-
ing shaft and cage, but the axial pressure
created by driving the wheel idle is suf-
ficient to cause a rvelatively large friction
between the cage and the other axle sec-
tions. If the relatively free wheel has
even a slight friction against slippage the
resultant internal friction of the differential
puts a large percentage of the torque npon
the wheel which has traction.

I have found that in constructing the
teeth of the gears of my invention, the
usual gear cutter now in use generally is
not adapted to cut a tooth with as great a
pressure angle as called for by the present
However, the gears can be cut
and I have in practice thus manufactured
samples which were completely satisfactory.

These gears may be made by forming the
teeth by drop-forging, as shown in Figures
14 and 15. The co-operating matrices or
dies are shown at 54 and 55. They are so
shaped as to provide a blank having sub-
stantially finished teeth as will be apparent
from the drawings. . The blank is then ma-
chined to the finished form, the parts shown
in double cross hatching being removed.

Due to the coarse pitch of the teeth and
the large pressure angle, the movement of
the metal into the dies forming the teeth
is such ‘as to compact the working faces
of these teeth. There is a peculiar relation
between a tooth subjected to a large renc-
tive pressure due to co-operating teeth, and
the forming of the teeth with this dense,
tough working face. The metal moves into
the matrix for the tooth along lines of move-
ment substantially normal to the working
surface.  The result is a tooth having a
working face compacted by pressure and
highly effective to withstand the stress of
compression and friction which comes upon
the same due to inter-engagement of the
teeth. - In other words, the stress produced
by the reaction between teeth is substan-
tially in line with the line of movement
of the metal into the tooth mould.

Due to the form of the teeth and the
high pressure angles which are employed,
the arc of correct contact between the gears
and pinions is less than that which cccurs
in the known types of gearing now in use.
The arc of contact is, in fact, less than the
angular pitch with a consequent tendency
to give an irregularity of transmission due
to irregularities of angular velocity at the
different points in the cycle of tooth con-
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tact. This objection may be deduced by
suitably arranging the number of teeth
which coact or may be entirely removed by
forming the teeth into conical helices of
ufficient angle to extend through an arc
equal to or greater than the pitch angle
divided by the number of meshing phases.

In the diagram of Figure 12, I have in-
dicated the master gear 42 and the satellite
pinions A, B, C-and D. In this case the
master gear 42 has 14 teeth and the pinions
have & teeth with the result that with equal
spacing of the pinions A, B, C and D about
the master gear, the pinions are in different
phase relation—the pinions A and C being
1 substantially the same phase relation, and
the pinions B and D being substantially
the same phase relation with respect to each
other, but the two pairs being in different
phase relation with respect to each other.
in Migure 13 the satellite pinions
A'—B’—( and D’ ave spaced about the
periphery of the master gear by uneqgual
intervals with the result that the teeth of
the pinions are in different phase relation.
This unequal spacing may be in pairs or
each spacing may differ from every other
spacing. In a similar manner, the scheme
employed in Figure 12 may be varied so
that the teeth of each pinion will be in a
phase relation different from that of all of
the other pinions.

It is believed that the action of producing
a relatively smooth transmission of power
with the gears above described will be ap-
parent from the previous description. and
from the drawings. -Suffice it to say that
when one teoth of one pinion loses or sub-
stantially loses its correct rolling contact
with the co-operating tooth of the. other
gear, the tooth on another pinion takes up
correct or substantially correct rolling mo-
tion and thus is able to transmit power
steadily because of the above stated differ-
ence in phase relationship.

In Tigs. 16 and 17 I have illustrated a
spiral pinien or conical helical pinion in
which the length of the tooth and the angle
of the tooth being such as to permit the tooth
to mesh correctly or substantially correct
through an arc equal to or greater than the
pitch angle divided by the number of mesh-
g phases. The tooth profile is the same as
shown in connection with Figs. 10,12 and 13.
The arrangement of the gears and piniens is
the same as that shown in Fig. 11 and the op-
eration is the same except that a smooth ac-
tion and transmission of power is secured.

The construction of the gears of my in-
vention Is less expensive than the construc-
tion of standard gears as now employed in
automobiles. Also, because no additional
room 1s required to introduce camming de-
vices or friction  multiplying devices the
géars of my invention may be installed in

ditferentials alveady constructed and in use.
Whers the gear testh are formed by drop-
forging there is éffected a very considerable
saving due to this operation being much
quicker than the cutting of teeth from a
solid blank. Iven where the teeth of my
invention are cut from a solid blank, the
operation is less expensive because fewer
teeth néed to be cut. i

X eraploy the term pressuie reaction to des-
ignate the thrust resulting between the teeth
of co-operating gears. In the case of cylin-
drical spur gears the pressure reaction Is
radial but in the case of bevel gears it is at
an angle.

In conducting experiments and tests upon
the samples of gears which I have made in
accordance with my invention and in which
T used a substantlally homogeneous metal
so nearly as I can determine, I find that the
teeth of these gears are unstripable. By the
term “unstripable” in this specification and
the claims, I mean that the tooth will not
break across the base prior to the destruction
of the body of the tooth.

I do not intend to be limited to the de-
tails shown or described.

I claim:—

1. In a differential gearing having tooth
faces of such an angle that the arc of cor-
rect contact is less than the angular pitch,
two satellite pinions and master gear wheels,
the teeth of said pinions being in different
phase relations with the teeth of said gear
wheels. ‘

9. In a transmission, in combination a
gear having teeth providing an-arc of cor-
rect contact less than the pitch, a plurality
of gears engaging said gear, means tor moy-

“ing all of said plurality of gears in unison,

the teeth of said plurality of gears being in
different phase relztionship with the teeth
of the single gear whereby some of said
teeth afford correct contact.

3. In a differential gearing having
faces of such an angle that the pr
angle shall be from 50 to 70°, two satellite
pinions and master gear wheels, the teeth
of said pinions being in different phase re-
lations with the teeth of said gewr wheels,

4. In a transmission, in combination, a

tooth

fivst toothed element, o second toothed ele-
ment intermeshing therewith, said teeth be-

ng sed so.that correct contnct for power
trangmission 18 intermittent, a thivd toothed
el i meshing with sald eecond element

and arranged to have correet contact there-
vith when sadd firgt element do2s not have
rorrect contact, and means for moving said
first and third elements in unison.

5, In a differential, a source of power, a
phurality of balancing gears actuated by
said source of power, and two driven gears

assoeiated with sald balancing gears, the
= o s

teeth on said gears being shaped to provide
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ct contact only intermittently, the dif-
mrept bhlm eing gears being set with their
teath In < ifferent phase relations with re-
Spect he driven gears, whereby at least
one of m:d ba zncingj eal niways has cor-
rect contact with each driven gear.

6. In a differential, o s

corre

o'
b

ree of power, a
plur: jity of balancing be\ ,i gears ‘actuated
by said source of power, and two driven

bevel gears associated with sald balancing
gents, the teeth on said gears being sha pcl
to mo"lde correct contact only Intermit-
tently, (uﬂfele,u La ncmo' g zu‘s being
vit ase 18161-
rs, whet
12 of neing (’Oxl‘ull\\"l"‘)S

h s correct contact with each driven gear.
7. 10, a differential, a sowrce of power, a

ceiot Lh" \1"1V0h gea

£ oanidll
BN d i

plurality of ba'ancing gears actuated there-
by, and two driven wears associated W;Lh
said balancing gears, the teeth on said gea

Qg
being shoped to momde intere ngaging con—
tact of ryving  efliciency, aid be l‘mcmo
gaars being s ¢ with their (eg uh in different
phase relations W ‘hereby 2 relatively inefli-
cient engagement by one ba h‘.nmnn gear will
Je simultaneous with a relat tively more effi-
clent engagement Dy another balancing gear.
8. Ina mﬁeremml, a pair of master gear
wheels and a pair of satellite pinions mesh-
ing therewith, each of said geav whee's and
pinions having a flat frict: fonal surface on
its back and bevel gear teeth on its active
front surface, said omr tecth being of such
a profile as to be Sub%antmllv u"let‘lQ‘L ble
by co-acting tooth pressuve, s gaid teeth hav-
g & pressure *1{219 creating a thrust upon
said fri (~tlona1 surface subs tmtia]ly equal to
or greater than Lhe tangential tooth pros—
suve, the tooth faces of “oth of sald gea
wheels and pmvoaa being of such = n019
that the are of corrﬂct cont et 13 1(\ 5 thfm
the angalar pitch Tie teeth of the said pin-
5011“ being in different ph ise relation with
the teeth of said gear whee's.

9. In combination, a housing, and gearing
dtsl sosedd in the said housing ine mﬂmu 2
fi fezsr, and a p”umhhr of gears in mesh
said fivst gear, each of said gears
frictional gurface formed on its
th on its tw’u\*e front sur-
empiov ing a pressure
170°, the teeth of gaid

ra
Vi

J
aving. o

: and gear tec
'fé?.CO. all of S\M( nrmrc

QW
¥

ang.e }efv'nml 50° and
ﬁlu""’. ty of gears heing in di reﬂ‘ phase
relation with the teeth of said first gear, the

gaid 41‘1&101‘211 surfaces engaging the said
houmm and serving to form clutches.

ey
10. In combination, a cage, meens for

driving tlo said cage, an . axle passing
tlwo‘igl the said cage, the said axle compris-
ng two pa 1{ :1:11 o£ which project into

(o)
the cage, the said parts being in alignment,
the said cage being provided with flat fric.

tional surfaces substantially concentric with
the said axle, wheels on the ends of the axle

1,586,861

parts within the cage, said wheels having
substantially flat cheeks co-operating with
the said frictional surfaces on the caoe to
form um_whes, and pinlons mounted in the

cage between the wheels, said wheels and
pinions bearing co-operating teeth of ap-
preximately involute form of a pressure
angle great enough {o produce sufficient pres-
sure Letween the clutch members as to create
a friction appi ‘0_1':111110' the torque on the

cage, the teeth on sald ﬂ‘ﬂions being n dif-
fevent phase relation with the teeth on said

wheels.
il. In c(‘mbinai‘ioa, a cage having a plu-
wlity of frietion surfaces, means for drlwnn
the eaid cage, a paiv of differential wheels
(h:}pmed in. the said cage, a plarality of
friction mcmhe‘a’f associated with the said
wheels and a plurality of differential pin-
'mc co-operating Wi h said wheels to pro-
duce pr essuve ["’L'&‘\L(‘ﬂ said fﬂumn members
id friction surfaces, said wheels and
having co-operating gear teeth upon
serving as cams, said teeth having
gles great en sugh to prodhce qub—
mckmo hetween said friction sur-

and sai
pinions
them

faces, the

teeth on said pinions being in dif-
ferent 1“,1 e velation with the teeth on said
wheels

12, Differes IUM gearing of the planetary
beve! wheel “of low mechanical eff-
ciengy, carlpl ieing o pair of sun wheels and
Q p!uuthfv of cooporatmg planet pinions,
the teeth of which have a predetermined
wide ar Wk of obliquity, the number of teeth
on each planet pmlon bearing such relation
to the number of teeth on the sun wheels
that, with sald predetermined angle of
obliquity of the teeth, ouly one tooth of any
pinicn W‘]‘ be i driving engagement with
the teeth of a sun wheel at a ‘time, the num-
ber of planet pinions employed and their
disposition about the axis of the sun wheels
being such that upon relative movement be-
n tha net pinlens and sun wheels,
continuwous driving engagement main.
tained J“rdwct\\"ncn by s tooth
driving engagement passing to successive
phllOl‘S

13. In combination, a differential housing,
differentinl gearing disposed in the said
1’0‘1“1115‘ including & first gear, and a plu-

ality of geavs in mesh with the said first
mm', all the said qears having tedh employ-
g & pressure ang'e of such a value as to
oevclow a pressure reaction not less than the
1'?‘10”‘311“11 tecth press ure, ’me teeth of the
‘1,1 plurality of gears being in different
phase relation with the teeth of said first
wear, and clutch means disposed 1ntermedlate
the differential housing and each of the said
plurality of gears.

In witness whereof, T hereunto subscribe
my name this 18th day of October, 1928,

CRCIL HAMELIN TAYLOR.
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