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Application filed December 28, 1916, Serial No. 139,234. Renewed January 
To all whom it may concern: 
Be it known that I, HAN NIBAL. C. FoRD, 

a citizen of the United States, residing at 
the city of New York, in the borough of 
Queens and State of New York, have in 
vented certain new and useful improve 
ments in Power-Transmitting Mechanism, 
of which the following is a full, clear, and exact description." 
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This invention relates to power transmis 
sions and more particularly to transmissions 
in which the power is transmitted through 
a plurality of parts in lolling contact. 
One of the objects of the invention is to 

provide a power transmission of this char 
acter by which changes in the speed of the 
driving or driven elements may readily be 
accomplished without any slippage of the 
power transmitting parts and by which 
these changes in speed may be effected with 
out releasing the pressure between the vari 
ous elements of the transmission. 
Another object of the invention is to pro 

vide a power transmission of the character 
specified in which the pressures resulting 
from maintaining the parts of the trans 
mission in rolling contact, will be self-con 
tained: i.e., will be carried by the parts of 
transmission and will not require thrust bear 
ings or other devices to sustain the pressures. 

Still another object of the invention is 
to provide a plurality of power transmit 
ting mechanisms which are so constructed 
and arranged that they form a single uni 
tary structure of a simple and compact con 
struction. a 

A further object of the invention is to 
provide a transmission in which the pres 
sures between the parts connecting the driv 
ing and driven elements and in rolling con 
tact there with, may be increased with the 
load upon the driven element so as to pre vent any slippage of the parts. 
Other objects of the invention are to pro 

vide a simple construction for supporting 
the rotatable members which transmit the 
power from the driving to the driven ele 
ment. - 

With these objects in view, the invention 
consists of the constructions and combina 
tions which will be hereinafter described in 
detail in the specification and particularly pointed out in the appended claims, 

Specification of Letters a teat. 
Paterated Cet. 2, 1929, 
3, 3939. Serial So. 269,332, 

In the accompanying drawings: 
Figure i shows a horizontal section of a 

power transmission taken on the line -1 
of Fig. 3, and embodying the principles of 
the invention; - 

Fig. 2 is a vertical section taken on the line 2-2 of Fig. 1; and 
Fig. 3 is a vertical section taken on the 

line 3-3 of Fig. 1, the section in each in 
stance being taken in the direction of the 
arrows and the shafts and other portions of 
the power transmission being shown in full 
for the sake of clearness. . . 
In my application Serial No. 83,749, filed 

March 13, 1916, there is disclosed a vari 
able speed mechanism which has some of the 
characteristics of the present invention, the 
power being transmitted from a driving 
to a driven element by a pair of bails in 
rolling contact with each other and with the 
driving and driven element, respectively. 
The power transmission shown is of a sim 

ilar construction and comprises an outer cas 
ing 1 on which is mounted a shaft 2, the shaft 2 being supported upon suitable bear 
ings 8. Mounted upon this shaft adjacent 
its upper end as is shown in Fig. 1, is a 
collar 3 against which abuts a circular disk 4 provided with a hardened face plate 5. 
Also mounted upon the shaft 2 adjacent its 
lower end is a second disk 6 having a face 
plate 7. The shaft 2 is threaded for a por 
tion of its length just below the end of the 
disk 6 and a nut 8 mounted on the threaded 
portion adjusts the distances between the 
plates 5 and 7 of the two disks the pur 
pose of which will be later referred to. 
A second shaft 10 also mounted in suit 

able bearings 11 and 12 carried by the casing 
1 is arranged parallel to the shaft, 2. This 
shaft carries a single disk 13 which in the 
construction shown is secured to the shaft 
10 by means of a sleeve or collar 14. The 
disk 13 is arranged intermediate to and equi 
distant from the disks 4 and 6. Interposed 
between the disk 13 and the disks 4 and 6, 
respectively, are two sets of balls, the balls of 
one set being designated 15, 16 and the other 
1, 18. These balls transmit, the power of the 
driving disks 4 and 6 to the driven disk 13 
and are maintained in position by cages 
which surround the balis. Each cage is 
formed of two side plates of rectangular 
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shape, the plates of the two cages being 
numbered 19, 20 and 21, 22, respectively. 
The plates of each cage are rigidly Secured 
together and maintained in spaced ralation 
by bushings 23 having ends of reduced di 
ameters passing through suitable alining 
openings at diagonally opposed corners of 
the plates. Disposed between the side plates 
at the other two corners, are rollers or other 
anti-friction devices. The rollers of the two 
cages are numbered 24, 25, 26 and 27, the 
rollers 24 and 25 being in rolling contact 
with the balls 15 and 16, respectively, and 
the rollers 26 and 27 being in rolling con 
tact with the balls 17 and 18, respectively. 
These rollers are in each instance mounted 
in suitable bushings 28 secured in openings 
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in the side plates of the cages (see Fig. 3) 
so that they will turn freely. The cages 
for each set of balls are mounted upon 
frames consisting of rods which pass through 
the bushings 23, the cage for the balls 15, 
16 being mounted upon rods 30 and 31, and 
the cage for the balis 17 and 18 upon rods 
32 and 33. Set screws 23 carried by the 
bushings engage the rods and hold the cages 
in any adjusted position thereon. The rods 
of each pair run parallel to each other and 
are connected at their ends to frame pieces, 
the rods 30 and 31 being connected by the 
frame pieces 34 and 35, and the rods 32 

v. 6) and 33 by frame pieces 36 and 37. These 
frame pieces are of rectangular shape and 
are of substantially the same size as the 
side plates forming the cages. The frame 
pieces 34 and 36 are respectively mounted 
for rotation upon stationary shafts 3S and 
39, each of which is supported at one of its 
ends by the casing 1 and at its other ends 
by upwardly extending standards 40 and 45. 
in the same manner the frame pieces 35 and 
37 are rotatably mounted upon shafts 42 and 
43 which are supported by the casing and 
the standards 44 and 45. 

Each of the standards 38, 38, 44 and 45 
comprises two offset legs which permit, the 
rods 30 and 31 and 32 and 33 to rock with 
out interferenice. The shafts 42 and 43 are 
threaded for substantially their entire length 
and engage with the threads in the openings 
in the frame pieces 35 and 3, through which 
these shafts pass. The shafts 42 and 4.3 have 
mounted thereon gear wheels 4 and 48, 
which gear wheels mesh with a center gear 
wheel 49 adapted to be rotated by the handie 
50, the rotation of the handle causing the 
shafts 42 and 43 to rotate and causes the 
frame pieces 35 and 36 to traveitherealong to 
bring about the displacement of the cages. 
The frame pieces 35 and 37 have toothed 

projections 53 and 54 which mesh with each 
other so as to cause the cages to simul 
taneously rock upon the shafts 38, 39, 42 
and 43. These frame pieces 35 and 37 
are also provided twith projecting iugs 55 rotating the handle 50, which wili move the 
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and 56, which are connected by a tension 
spring 57. 
As will be clear from Fig. 2 of the draw 

ing, the balls 15 and 16 and 17 and 18, re 
spectively, are not mounted so that their 70 
points of rolling contact with each other and 
with the disks 4 and 6 are parallel to the 
axis of the disks, as would be the ordinary 
construction, but are mounted so that the 
balls are slightly out of a linement with each 75 
other, the distance between the working 
faces of the disk 13 and the disks 4 and 6, respectively, being slightly less than the 
combined diameters of the two balls inter 
posed therebetween, which distance is ad- 80 
justed by rotating the nut 8. 
As will also be clear from Fig. 2, the balls 

are maintained in this slightly offset posi 
tion by means of the rollers carried by the 
cages, the roller 24 engaging the ball 15, 85 
the roller 25 engaging the ball 16, the roller 
26 engaging the ball 17, and the roller 27 
engaging the ball 18. The pressure exerted 
by these rollers upon the balls through the 
spring 57 is sufficient to maintain them in 90 
rolling contact and also tends to move the 
balls of each set in a direction to bring them 
into alinement. 

if it is assumed that the shaft 2 is driven 
from any suitable source of power, and the 95 
disks 4 and 6 are rotated in the direction 
indicated by the arrows shown in Fig. 2, 
the balls 15 and 16 and 17 and 18, respec 
tively, will also rotate, and since the disk 13 
is the driven disk, this disk will exert a tend- 100 
ency upon the balls 16 and 17, tending to 
move them upwardly as viewed in Fig. 3, 
while the disks 4 and 6 will exert a tendency 
upon the balls 15 and 18, respectively, tend 
ing to move them do winwardly. This move- 268 
ment of the balls is sight but even with the 
slightest movement the pressure between the 
balls and the strfaces of the ciisk will be in 
creased and thereby slippage of the bails : prevented. If the load upon the disk i3 is St. 
increased the tendency of the balls to move 
is increased which increases the amount of 
their displacement and hence the pressure 
between the bails and their respective work 
ing surfaces will also be increased; or in . ... . 

other words, the pressi'e between the balis 
and their working surfaces will increase 
automatically with the load upon the driven 
element. 

in so far as this feature of the invention 
is concei'ied, it is not essential that bails be 
lised, for the same arrangeinent could be 
utilized with rolliers and other rotatable ele 
linents, if the continuously variable speed 

A p x . . feature of the invention is not deemed rec. 23. 
essary. However, to provide for the con 
tinuously variable speect of the driving and 
driven element, ball is are essentiai and the 
changes in the speed may be obtained by 
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cages to the right or left of the position in 
which it is shown in Fig. 1, which, as is 
well known, will vary the speed ratio be 
tween the shafts 2 i 10. This movement 
of the balls may be accomplished without 
any slippage of the balls for the reason that 
since a plurality of balls is utilized between 
each pair of the disks, these balls are free 
to move in any direction without slipping, 
the balls being guided in this movement by 
the side plates of the cage, which hold the 
balls one above the other. 

It will also be noted that the pressures be 
tween the balls and the disks are self-con 
tained, by which is meant that the shaft 2, 
since it carries both of the disks 4 and 6, 
also carries the end thrust upon these disks, 
due to the pressure exerted upon the disks 
by the balls, which will eliminate any neces sity for thrust bearings and like construc 
tions. Furthermore the pressures upon the 
disk 13 are equalized by the pressure exerted 
upon it from opposite directions. 

It should be further noted that the con 
struction described provides two transmit 
ting mechanisms, namely, the disks 4 and 
13 and the balls 15 and 16, and the disks. 6 
and 13 and the balls 17 and 18, the disk 13 
being common to both, and since in the pres 
ent example this is the driven element it will 
be seen that these two transmitting mecha 
nisms greatly increase the amount of power 
which can be transmitted. Where a plu rality of transmitting mechanisms coöper 
ate to drive one single member, it is essen 
tial that when the speed is varied by mov 
ing the balls, these balls be moved in such 
a manner that they will tend to drive the 
driven element at the same speed. This is 
obtained by the simultaneous movement of 
the balls as has been fully described. claim: 

1. In a power transmission, a driving and . 
a driven element, a plurality of contacting 
rotataibie members interposed between said 
driving and driven elements, and means for automatically increasing the pressure be 
tween said members and said elements with an increase of load. 

2. In a power transmission, a driving and 
a driven element, a plurality of contacting 
rotatable members interposed between said 
driving and driven elements, and means co 
operating with said members to cause thein 
to move to increase the pressure between 
them and said elements with an increase of 
load upon the driven element. 

3. In a power transmission, a driving and 
a driven element, a plurality of contacting 
rotatable members interposed between said 
driving and driven eienents, said rotatable 
Imembers being normally out of aiinement, 
and means coöperating with said members for holding them in position. 

4. In a power transmission, a driving and 

a driven element, a plurality of contacting 
balls interposed between said driving and 
driven elements, and means for automati cally increasing the pressure between said 
E. and said elements with an increase of 
O80s 

5. In a power transmission, a driving and 
a driven element, a plurality of contacting balls interposed between said driving and 
driven elements, and means coöperating 
with said balls to cause them to move to in 
crease the pressure between them and said 
elements with an increase of load upon the driven element. 

6. In a power transmission, a driving and 
a driven element, a plurality of contacting 
balls interposed between said driving and 
driven elements, said balls being normally 
out of alinement, and means coöperating 
with said balls for holding them in posi 
tion. . . . 

7. In a power transmission, a driving and 
a driven element adapted to be rotated in 
one direction, a plurality of contacting rol 
tatable members interposed between said 
driving and driven elements, said members 
being normally out of alinement and ar 
ranged to tend to come into alinement upon 
rotation of the driving element. 

8. In a power transmission, a driving and 
a driven element adapted to be rotated in 
one direction, a plurality of contacting balls 
interposed between said driving and driven 
elements, said balls being normally out of 
alinement and arranged to tend to come 
into a linement upon rotation of the driving element. 

9. In a power transmission, three rota 
table elements, a set of contacting balls 
interposed between each of the two end ele 
ments and the third intermediate element, 
a part connecting the two end elements, a 
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cage for each set of balls and means for si multaneously translating said cages. 
10. In a power transmission, a shaft, two 

elements mounted on said shaft in spaced 
relation, a third element mounted interme 
diate the two first named elements and ec 
centric thereto, a set of balls interposed be 
tween each of said two first named elements 
and said intermediate element, a cage for 
each set of balls and means for simultane ously translating said cages. 

11. In a power transmission, a shaft, two. 
disks mounted on said shaft in spaced re 
lation, a third disk mounted intermediate 
the two first named disks and eccentric 
thereto, a set of balls interposed between 
each of said two first named disks and said 
intermediate disk, a cage for each set of 
balls and means for simultaneously trans lating said cages. 

12. In a power transmission, a shaft, two 
disks mounted upon said shaft, one of said 
disks being adjustabie therealong, means for 
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4. 

adjusting said disk, a third disk mounted 
intermediate said two first named disks and 
eccentric thereto, a set of balls interposed 
between each of said two first named disks 
and said intermediate disk, a cage for each 
set of bails and means for simultaneously 
translating said cages. 

13. In a power transmission, a shaft, two 
disks mounted on said shaft, said shaft hav 
ing a portion thereof threaded, a nut on 
said threaded portion engaging one of said 
disks, a threaded disk intermediate said two 
first named disks eccentric thereto, and a 
set of balls interposed between each of Said 
first named two disks and said interinedi 
ate disk, a cage for each set of balls and 
means for simultaneously translating said 
cages. - i4. In a power transmission, a driving 
and a driven element, a plurality of contact 
ing balls interposed between said elements, a cage surrounding said balls conprising 
two side plates, and rolliers mounted between 
said side plates. 15. In a power transmission, a driving 
and a driven element, a plurality of con 
tacting balls interposed between said ele 
ments, a cage surrounding said balls con 
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prising side plates, and a pair of diagonally 
disposed rollers mounted between said side 
plates. o 0. 16. In a power transmission, a driving 
and a driven element, a plurality of balls in 
terposed between said elements, and a cage having a swinging movement Surrounding 
said balls. . 17. In a power transmission, a driving 
and a driven element, a plurality of balls 
interposed between said elements, and a piv 
otally mounted cage surrounding said balls. 

18. In a power transmission, a driving 
and a driven element, a plurality of balls in 
terposed between said elements, a cage. Sur. rounding said balls, and means associated 

5 with said cage for rocking it and for in parting to it longitudinal movement in a di 
'ection at right angles to its rocking nove 
ment. 19. In a power transmission, a daiving 
and a driven element, a plurality of balls in 
terposed between said elements, a cage sur 
rounding said balls connprising two spaced 
side plates, members connecting diagonally 
disposed corners of said side plates for rig 
idly connecting said plates and for holding 
then in spaced relation, and rollers disposed 
at the two other diagonally disposed corners , 
of said plates. 20. In a power transmission, a driving 
and a driven element, a plurality of contact 
ing balls interposed between said elements, 
a cage surrounding said balls, rods passing 
through said cage, frame pieces secured to 
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the Outer ends of said rods, said frame pieces 
eing pivotally mounted. 
21, in a power transmission, a driving 

and a driven element, a plurality of balls in 
terposed between said elements, a cage sur rounding said bailis, rods passing through 
said cage, frame pieces secured to the ends 
of Said rods, pivotal supports for said frame 
pieces carried by said casing, one of said 
Supports being rotatable, and means carried 
by said rotatable support and said corre 
sponding frame piece for causing the frame 
piece to move therealong upon rotation of 
Said Support. 22. in a power transmission, a plurality 
of rotatable elements, a common rotatable 
element, power transmitting members inter 
posed between said elements and said com 
non rotatable element, cages surrounding 
Said members, and naeans for inparting si 
imultaneous movement to the cages. 23. In a power transmission, a driving 
and a driven element, a plurality of balls in 
tel'posed between said elements, a cage sur 
rolinding said balls, a frame carrying said 
cage, and means for imparting a rectilinear 
movement to said frame. 

24. In a power transmission, a driving 
and a driven element, a plurality of contact 
ing balls interposed between said elements, 
a cage. Surrounding said balls, a fraine, said 
cage being adjustably mounted on said 
frame, and means for imparting a rectilinear 
annoyement to said fraine. 

25. In a power transmission, a driving 
and a driven element, a plurality of contact 
ing balls interposed between said eleinents, 
a cage. Surrounding said balls, a franae, said 
cage being adjustably mounted on said 
frame, and means for imparting a lecti 
linear and Swinging movement, to said 
frame. - 26, in a power transmission, a driving 
sand a driven element, a plurality of con 
tacting balls interposed between said ele 
heats, a cage surrounding said balls, a 
frame, Said cage being adjustably mounted 
On Said frame, and said frame being slid 
ably mounted, 2. In a power transmission, a driving 
and a driven element, a plurality of contact 
ing balls interposed between said elements, 
a cage. Surrounding said balls, a frame, said gage being adjustably mounted on Said 
frame, and Said frame being siidably and 
pivotally mounted, 

In 75itness whereof subscribe my signa 
ture in the presence of two witnesses. 

FIANTIBAL. C. FORD. 
Witnesses: WALDO yi, CELA2IN, 

re ... ii ". ty Age: . EART, 
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