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United States Patent Office Re. 24,347 
Reissued Aug. 20, 1957 

24,347 
AUTOMATIC VARIABLE PITCH PULLEY 

Charles Hugh Miner, Denver, Colo., assignior to Miner 
Pulley & Transmission Co., a corporation of Colorado 

Original No. 2,711,103, dated June 21, 1955, Serial No. 
395,912, December 3, 1953. Application for reissue 
June 28, 1956, Serial No. 594,672 

13 Claims. (C. 74-230.17) 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to improvements in variable pitch 
V-type pulleys and has reference in greater particular to 
that type in which the pitch changes automatically in 
response to belt tension or torque. 
The present invention is an improvement or modifica 

tion of the one shown and described in applicant's co 
pending application Serial No. 303,694, filed August 11, 
1952, now Patent Number 2,699,071. Applicant admits 
knowledge of the following U. S. patents: Hueber 
1,279,547, September 24, 1918 and Perrine 2,173,661, 
September 19, 1939. 

Attempts have been made to develop variable pitch 
pulleys for use in variable speed belt transmissions as 
shown by the above identified patents and by applicant's 
prior Patent 2,553,505, May 15, 1951, all of which, with 
the exception of Hueber, are provided with speed respon 
sive centrifugal means to effect the desired adjustment 
or which, like Hueber, depend for their functioning on 
the use of powerful helical compression springs which 
greatly shorten the lives of the belts and are the cause of 
frequent belt failures. 

It has been found that when pulleys of the type to 
which this invention relates are employed in a transmis 
sion that is used for a long time at a fixed transmission 
ratio so that the side flanges of the pulley remain at a 
fixed distance from each other for long periods of time 
they develop a corrosion which is known by the name 
of “fretting corrosion' and which after some time locks 
the two parts so that they will not move relative to 
each other and this makes them useless for speed regul 
lation. It is one of the objects of this invention to pro 
duce a variable pitch pulley of this type that will not be 
subject to "fretting corrosion' and which therefore will 
always function properly. 

It is a related object to achieve said result by employ 
ing a precessing blishing positioned between the contact 
ing surfaces of the pulley parts, the bushing being free to 
rotate, for preventing the setting up of fretting corrosion. 
A further object is to produce a pulley of the type 

indicated that can operate without a compression spring 
and which, when a spring is used, employs a weak spring 
that exerts a torsionai force exclusively or combined with 
a weak compression force. 

This invention can be most clearly explained and will 
be most readily understood by reference to the accom 
panying drawings in which the invention has been 
illustrated, and in which, 

Figure 1 is a longitudinal diametrical section through 
a pulley constructed in accordance with this invention, 
taken on line 1-1, Figure 2; 

Figure 1a is a fragmentary detail showing certain parts 
to an enlarged scale; 

Figure 2 is a transverse section taken on line 2-2, 
Figure:1; 
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Figure 3 is a fragmentary section, similar to that shown 

in Figure 1 but to an enlarged scale; 
Figure 4 is a detail view showing a small section of 

the outer surface of the inner hub and shows the helical 
grooves with which it is provided; 

Figure 5 is a section taken on line 5-5, Figure 4; 
Figure 6 is a multiple view taken on plane 6-6, Fig 

ure 3, and shows three optional constructions; 
Figure 7 is a view showing a belt power transmis 

sion in which the pulley that forms the subject of this 
invention is driven from a motor that is so mounted 
that the speed of the driven shaft can be changed by 
moving the motor to change distance between the drive 
and driven shafts, the pulley being shown partly in Sec 
tion and partly in elevation; 

Figure 8 is an end elevational view looking towards 
the left in Figure 7; 

Figure 9 is a fragmentary detail showing a portion of 
the outer surface of the inner hub and the position of 
the pin that connects the inner and outer hub when the 
pulley is driven from a motor as in Figure 7; 

Figure 10 shows a belt transmission in which the pulley 
is mounted on the movable motor of Figure 7 and trans 
mits power to a driven shaft; 

Figure 11 is a view similar to Figure 9 and shows the 
interconnecting pin and the oppositely inclined groove 
from that shown in Figure 9; and. 

Figure 12 is a force diagram which will be referred 
to as the description proceeds. 

Referring now to the drawing reference numeral 15 
(Figures 7 and 10) represents the driving shaft which in 
this example is part of motor M, and 16 is the driven 
shaft. In Figure 7 the pulley is driven by the motor M 
and in Figure 10 the pulley is secured to the motor shaft. 
In both instances the motor transmits power to the driven 
shaft by means of a belt 17 and is mounted for move 
ment towards and away from the driven shaft, as indi 
cated by arrows. 
The construction of the pulley will now be described. 

Referring now more particularly to Figures 1 and 2, it 
will be seen that the pulley comprises an annular flange 18 
having an elongated hub 19 extending from one side; the 
hub side of the flange has an outwardly flaring frusto 
conical surface 20. The hub has a key way 21 for non 
rotatably securing it to a shaft. Mounted on the outer 
Surface of hub. 19 is a co-operating flange 22 which has 
an elongated tubular hub 23. The opening in hub 23 is 
somewhat larger than the outside diameter of hub 19 
except at its outer end where it has a narrow zone 24 
that has an easy sliding fit with hub 19. Positioned in 
the space between hubs 19 and 23 are two thin bushings 25 
and 25a which are held in place between flange or zone 24 
and a snap ring 26, shown most clearly in Figure 1a. The 
combined lengths of bushings 25 and 25a is less than the 
distance between flange 24 and ring 26 so that they can 
be separated by a space 27. Bushings 25, 25a have a 
workable fit inside hub 23 and outside hub 19 and are 
preferably made from sintered bronze or brass and have 
interstices which are filled with oil, such bushings are 
sold under the trade name of “Olite' and are self lubri 
cating or of any other suitable material such as those 
hereinafter pointed out. Hub 19 is provided on its outer 
surface with two helical grooves 27D and 27P which are 
inclined in opposite directions as shown most clearly in 
Figure 4. The reason for having two grooves is that the 
same pulley can then readily be adapted for use on a driv 
ing shaft or on a driven shaft and for rotation in either 
direction all as will be hereinafter explained. The outer 
surface of hub 23 has a section 23a of enlarged diam 
eter as shown most clearly in Figures 3 and 10. From 
Figure 3 it will be seen that the thicker portion of hub 23, 

  



3 
which has been designated by 23a, has a radial opening in 
which is positioned a steel pin 28 that extends through the 
space 27 between the bushings into one of the helical 
grooves 27P or 27D depending on whether the pulley is 
the power pulley or the driven pulley. The only reason 
for having the bushings made in two sections is to per 
mit pin 28 to be located in the most favorable posi 
tion. If the pin were positioned adjacent the outer end 
of hub 23 and adjacent flange 24, bushing 25, 25a, could 
then be made in one piece. In Figures 1, 2 and 7, the 
pulley is used on the driven shaft and rotates in the direc 
tion indicated by arrows but in Figure 10 the pulley is 
on the motor shaft and delivers power to belt 17. A 
screw 29 is so positioned that its head projects over the 
opening in which pin 28 is positioned and prevents the pin 
from falling out. The pulley, as described above, can 
be employed as a driving pulley as shown in Figure 10 
where shaft 15 is the motor or driving shaft and 16 is 
the driven or load shaft which offers some resistance to 
turning. Let us now assume that the motor shaft begins 
to turn in the direction indicated by the arrow. Since 
the parts are at rest, pin 28 occupies the position with 
respect to groove 27P substantially as shown in Figure 11 
and there is practically no side pressure on the belt. When 
the motor is energized, hub 19 starts to turn, hub 23 
lags due to its inertia and due to some friction exerted 
thereon by the belt. The relative movement of pin 28 
and groove 27P moves flange 22 towards flange 18 and 
this compresses the belt until the friction becomes suffi 
cient to make the belt move. If the load increases suffi 
ciently to cause the belt to slide along inclined surface 
20, flange 22 and hub 23 will turn relative to hub 9 
and this will move flange 22 nearer to flange 18 until 
sufficient friction is produced to transmit the desired 
load. When the current is cut off the motor tends to 
come to a sudden stop but flange 22 and hub 23 will con 
tinue to move relative to hub 19 due to their momentum 
and this movement will separate the pulley flanges to a 
maximum distance. The inertia of flange 22 and attached 
parts will always produce a relative rotary movement with 
hub 19 and the inclined surface of flange 18 will in 
variably be brought into contact with the belt. Atten 
tion is called at this point to the important fact that 
when this pulley is used on a drive shaft to transmit 
power it requires no springs or centrifugal means to 
move the belt driving flanges towards each other and 
that it will automatically adjust the pressure on the belt 
to produce the required friction to carry the load. By 
adjusting the distance between the drive and driven shafts 
the Speed ratio can be varied. We will now direct our 
attention to Figures 7, 8 and 9 in which the pulley is at 
tached to the driven shaft. Pin 28 has now been trans 
ferred to groove 27D as shown in Figure 9. Let us now 
assume that the parts are at rest instead of in operation 
as shown in Figure 7; pin 28 will then occupy the posi 
tion in groove 27D which has been designated by 28X 
and the belt will then normally be out of contact with 
the inclined sides of the flanges and the pulley would 
not always start turning. To assure that there will 
always be sufficient pressure exerted on the belt to pro 
duce a relative rotation of hubs 23 and 19, a light helical 
or spiral Spring 29 has been added to the parts shown in 
Figure 10 and the purpose of this will now be described. 
In Figure 3 of the Hueber patent above identified, a 
heavy helical compression spring has been shown in a 
somewhat similar relation to applicant's spring, but it 
exerts no rotary force on the pulley flange for reasons 
apparent, excepting the minute force due to the com 
ponent that results from the inclination of the threads. 

Referring now to Figures 1, 2, 7 and 8, it will be seen 
that spring 29 encircles hub 23 and has one end anchored 
to the end of hub section 23a as shown at 30 in Figures 1 
and 7. The other end is anchored to ring 31 as shown 
at 32. The outer end of hub 19 is provided with a plu 
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4. 
least one set screw 34 whose point projects into a notch 
and secures the ring against longitudinal and rotary move 
ment. Ring 31 is also provided with a plurality of 
angularly spaced holes 35 in which the end of spring 29 
can be anchored. The torque force exerted by the spring 
can be adjusted either by turning ring 31 on hub 19 or 
by shifting the end of the spring to a different hole. It 
will be noted from Figure 2 that spring 29 is so attached 
between hubs 19 and 23 that it exerts a torque that tends 
to turn flange 22 in the direction of belt travel and in 
such a way that pin 28 will move relative to groove 
27D in such a direction that it will move flange 22 to 
wards flange 18 and this assures that the sides of the 
belt will always have sufficient frictional contact with 
the driving surface of flange 18 to provide the initial 
relative rotation between hubs 19 and 23 to produce posi 
tive operation whenever the motor is started. When 
the motor and belt are stopped the momentum of flange 
18 with its attached parts and the machine connected 
with shaft 16 will produce a slight sliding of inclined 
surface 20 and the side of the belt in contact therewith 
while flange 22 will be stopped at the same time as the 
belt and the relative rotation between hubs 19 and 23 
thus produced will cause pin 28 to move upwardly in slot 
27D and cause separation of flanges 18 and 22. The 
function of spring 29 is merely to assure that the side 
of flange 22 will always be in frictional engagement with 
the belt, the spring can therefore be comparatively weak. 
Spring 29 will normally be under some compressive strain 
at least sufficient to slide hub 23 on hub 19 and the 
torque action is so adjusted that it will produce sufficient 
torque to make hub 23 turn sufficiently to let pin 28 
follow slot 27D with enough to spare to urge the driving 
Surface of flange 22 into engagement with the co-oper 
ating belt surface. Although a helical spring has been 
shown and is the type best suited for this purpose, any 
equivalent shaped spring can be substituted such as a . 
spiral. 

Pin 28 is free to turn and acts as a roller when it 
slides along groove 27 as shown in the illustration C 
of Figure 6. This arrangement is satisfactory where the 
Small amounts of power are transmitted. Where the 
strains are too great for the arrangement C, the groove 
is made wider and pin 28 is surrounded by a freely ro 
tatable ring 28a. Where large amounts of power are 
transmitted, pin 28 can be provided with an elongated 
cross head-like slide as shown in Figure 6A in the place 
of ring 28a as shown in Figure 6B. 

Particular attention is called to the great simplicity of 
this pulley in its simplest form, that shown in Figure 10. 
It consists of three parts. 

Attention is called in particular to the oil impregnated 
or other type of bushings 25 and 25a which serve to pre 
serve the free relative movement between hubs 19 and 
23 by preventing the setting up of fretting corrosion 
which is popularly believed to be due to the continuous 

precessional movement of low and high pressure points 
between the opposed surfaces of these concentric hubs 
like 19 and 23. 
As hereinbefore described, when a variable pitch pulley 

operating in a transmission, for long periods remains at a 
fixed transmission ratio, a corrosion develops between 
proximate surfaces of nating pulley parts which locks the 
parts together preventing further relative movement or 
adjustment. 

'Fretting corrosion' may be defined as corrosion at the 
interface between two contacting surfaces, accelerated 
by vibration between the two sufficient to produce local 
ized deformation. 
A reference to Figure 1 will show that when the belt 

is under tension it exerts a spreading action on the 
flanges which is proportional to the belt tension and is 
a force on the concentric hubs bearing these flanges. This 
force produces low and high pressure points between op 
posed surfaces of the concentric hubs which are always 
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at the same point relative to a line joining the axis of 
the driving and the driven shafts. Since the pulley turns 
while the these low and high pressure points of great 
est spreading action remains stationary, it follows 
that this point has there is a continuous precessional 

movement or constant change in pressure around the cir 
'cumference. action that covers the entire circumfer 
tence each rotation of the pulley and this This constant 
change in pressure produces slight movement between the 
opposed surfaces of the concentric hubs, a vibration, 
which results in the corrosion above referred to, which 
finally prevents preventing the free adjustment that 
is essential to satisfactory operation of such pulleys. 
When the two hubs are separated by a rotatable bush 

ings like those shown and designated by reference 
numerals 25 and 25a the precession of the low and high 
pressure points above referred to produces a slow but 
constant rotation of the bushings in the space between 
the two hubs, and this prevents the formation of "frit 
tering fretting corrosion.' The bushing is may be 
made from any suitable material such as fiber, plastic, 
bronze, steel, or any other equivalent material. Sintered 
oil impregnated bushings are preferred but are not essen 
tial. If ordinary bronze or fiber bushings are used, care 
must be taken to keep them properly lubricated. It is 
not the material of which the bushings are made that pre 
vents the “frittering fretting corrosion” but the con 
stant turning of the bushing in the space between the 
hubs. Oil impregnated bushings are desirable for ob 
vious reasons. The use of a spring 29 can also be dis 
pensed with as shown in Figure 10. 
As has been pointed out above, a torsion spring func 

tioning as described is highly desirable even when no 
bushings are employed and that the bushings perform 
their function whether or not a spring is used. 
What is claimed as new is: 
1. A variable pitch pulley comprising, a first pulley 

member having a circular disk provided on one side with 
an elongated cylindrical hub projecting therefrom, the 
hub side of the disk having the surface that extends out 
wardly from the hub, beveled to form an outwardly flar 
ing frusto-conical belt engaging zone, a second pulley 
member comprising a circular disk of substantially the 
same diameter as the first disk, an elongated cylindrical 
tubular hub projecting from one side thereof, the open 
ing in the last named hub being larger than the outside 
diameter of the first hub, a cylindrical bushing positioned 
in the space between the two hubs, the radial thickness of 
said space being sized to receive the bushing with a sliding 
fit, stop means at each end of the second hub for holding 
the bushing in position, the side of the second disk oppo 
site from the hub being beveled to form a frusto-conical 
belt engaging zone that faces the first frusto-conical Zone 
forming with it a belt receiving V-groove, the outer Sur 
face of the first hub having at least one helical groove, the 
second hub having a radial opening, a pin positioned in 
the opening with its end positioned in the groove, the 
bushing being free to rotate relative to both hubs per 
mitting it to turn in response to the precessional force 
produced by the unbalanced spreading force exerted on 
the pulley flanges by the spreading action exerted thereon 
by the belt as the pulley is rotated. 

2. A variable pitch pulley in accordance with claim 1 
in which the bushing is made from oil impregnated metal. 

3. A variable pitch pulley in accordance with claim 1 
in which the outer surface of the first mentioned hub is 
provided with two oppositely inclined helical grooves. 

4. A variable pitch pulley in accordance with claim 1 
in which a torsion spring operatively interconnects the 
two pulley parts and subjects them to a torsional force 
in a direction that tends to move the pin towards the 
flanged end of the first pulley member. 

5. A variable pitch pulley comprising, a first pulley 
member having a circular disk provided on one side with 
an elongated cylindrical hub projecting therefrom, the 
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6 
hub side of the disk having the surface that extends out 
wardly from the hub, beveled to form an outwardly far 
ing frusto-conical belt engaging zone, a second pulley 
member comprising a circular disk of substantially the 
same diameter as the first disk, an elongated cylindrical 
tubular hub projecting from one side thereof, the openi 
ing in the last named hub being larger than the outside 
diameter of the first hub, a two part cylindrical bushing 
positioned in the space between the two hubs, the radial 
thickness of said space being sized to receive the bushing 
with a sliding fit, stop means at each end of the second 
hub for holding the bushing in position, the side of the 
second disk opposite from the hub being beveled to form 
a frusto-conical belt engaging zone that faces the first 
frusto-conical zone forming with it a belt receiving V 
groove, the outer surface of the first hub having at least 
one helical groove, the second hub having a radial open 
ing, a pin positioned in the opening with its end positioned 
in the groove, the bushing parts being spaced to permit 
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the pin to pass into the groove, the bushing being free 
to rotate relative to both hubs permitting it to turn in 
response to the precessional force produced by the un 
balanced spreading force exerted on the pulley flanges by 
the spreading action exerted thereon by the belt as the 
pulley is rotated. 

6. A variable pitch pulley in accordance with claim 5 
in which a torsion spring having a plurality of turns, en 
circles the hub portions, one end of the spring being 
connected with the first hub and the other end with the 
second pulley part. 

7. A variable pulley in accordance with claim 6 in 
which means is provided for adjusting the tension of the 
spring, said means comprising an annular flange attached 
to the end of the first hub and provided with openings for 
anchoring the end of the torsion spring in different angul 
lar positions relative to the first hub. 

8. A variable pitch pulley comprising, a first pulley 
member having a circular disk provided on one side with 
an elongated cylindrical hub, the hub side of the disk 
having an outwardly flaring belt engaging surface, a sec 
ond pulley member comprising a circular disk of sub 
stantially the same diameter as the first disk, a tubular 
cylindrical hub projecting from one side of said second 
disk, the second hub being mounted on the first hub for 
relative axial movement, the Surface of the second disk 
that faces the first disk being outwardly flaring, the open 
ing in the second hub being larger than the outside of 
the first hub forming a cylindrical space, a bushing posi 
tioned in said space and sized to have a sliding fit with 
both the outer surface of the first hub and the inside 
Surface of the second hub, stop means at each end of the 
opening in the second hub for limiting the axial move 
ment of the bushing, the outer surface of the first hub hav 
ing a groove extending in the general direction of the hub, 
a pin carried by the second hub and projecting into the 
groove forming means to limit relative rotary movement 
of the hubs while permitting relative axial movement, an 
abutment ring at the outer end of the first hub, and means 
positioned in the space between the said abutment and 
the second disk for exerting on the latter a force urging 
it to move relative to the first disk. 

9. A variable pitch pulley comprising, in combination, 
a first pulley member having a circular disc provided on 
one side with a surface that is bevelled to form an out 
wardly flaring frusto-conical belt engaging zone, a sec 
ond pulley member comprising a circular disc of sub 
stantially the same diameter as the first disc and present 
ing a side surface bevelled to form a frusto-conical belt 
engaging zone that faces the first said zone, forming with 
it a belt receiving W-groove, said second pulley member 
being journalled on said first pulley member for relative 
axial and angular movement, means for varying the axial 
spacing of the pulley members for varying the pitch of 
the pulley, and a precessing bushing positioned between 
the pulley members with a sliding fit relative to each, the 

  



bushing being free to rotate relative to both members, 
permitting it to turn in response to precessional force 
produced by the pressure exerted on the pulley members 
due to belt tension as the pulley is rotated, whereby to 
prevent the setting up of "fretting corrosion' between 
the contacting surfaces of the pulley members. 

10. A variable pitch pulley comprising, in combina 
tion, a first pulley member, having a circular disc pro 
vided on one side with an elongated cylindrical hub, the 
hub side of the disc having an outwardly flaring belt en 
gaging surface, a second pulley member comprising a 
circular disc of substantially the same diameter as the 
first disc, said second pulley member being journalled 
on the cylindrical hub presented by the first pulley mem 
ber for limited relative axial and rotational movement, 
said hub extending inside the second pitiley member, the 
surface of the second disc that faces the first disc being 
outwardly flaring and forming with it a belt receiving 
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first said zone and forming with it a belt receiving V 
groove, one of said pulley members having a hub project 
ing therefrom, the other of said pulley members being 
journalled on said hub for relative axial and angular 
imovement, means resiliently urging the pulley members 
towards each other, and a precessing bushing positioned 
between said hub and the concentric surface of the other 
pulley member with a sliding fit relative to each, the bush 
ing being free to rotate relative to both the hub and the 
said other pulley member, permitting it to turn in response 
to precessional force produced by the pressure exerted 
on the pulley members due to belt tension as the pulley 
is rotated, whereby to prevent the setting up of "fretting 
corrosion' between the surface of the hub on the first 
pulley member and the contacting surface presented by 
the second pulley member. 

V-groove, and a precessing bushing positioned about said 
cylindrical hub and inside the second pulley member, the 
bushing being free to rotate relative to both said hub and 
said second member, permitting the bushing to turn in 
response to precessional force produced by the pressure 
exerted on the pulley members due to belt tension as the 
pulley is rotated, whereby to prevent the setting tip of 
"fretting corrosion' between the surface of the hub on 
the first pulley member and the concentric surface pre 
sented by the inside of the second pulley member. 

11. A variable pitch pulley comprising, in combina 
tion, a first pulley member having a circular disc pro 
vided on one side with an elongated cylindrical hub, the 
hub side of the disc having an outwardly flaring belt en 
gaging surface, a second pulley member comprising a 
circular disc of substantially the same diameter as the 
first disc, said second pulley member being journalled 
on the cylindrical hub presented by the first pulley men 
ber for limited relative axial and rotational movement, 
said hub extending inside the second pulley member, the 
surface of the second disc that faces the first disc. being 
outwardly flaring and forming with it a belt receiving 
V-groove, spring means resiliently urging the pulley mem 
bers towards each other, and a precessing bushing posi 
tioned about said cylindrical hub and inside the second 
pulley member, the bushing being free to rotate relative 
to both the hub and the second member, permitting the 
bushing to turn in response to precessional force produced 
by the pressure exerted on the pulley members due to 
belt tension as the pulley is rotated, whereby to prevent 
the setting up of "fretting corrosion' between the surface 
of the hub on the first pulley member and the concentric 
surface presented by the inside of the second pulley 
member. 

12. A variable pitch pulley comprising, in combination, 
a first pulley member having a circular disc bevelled to 
form an outwardly flaring frusto-conical belt engaging 
zone, a second pulley member comprising a circular disc 
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of substantially the same diameter as the first disc, bevelled 
to form a frusto-conical belt engaging zone that faces the 

13. A variable pitch pulley comprising, in combination, 
a first pulley member having a circular disc provided on 
one side with an elongated cylindrical hub, the hub side 
of the disc being bevelled to form an outwardly flaring 
frusto-conical belt engaging zone, a second pulley men 
ber comprising a circular disc of substantially the same 
diameter as the first disc, said second pulley member hay 
ing a cylindrical bore centrally thereof in which said cylin 
drical hub is received, the second pulley member being 
journalled on the hub for relative axial and angular move 
ment, the second disc being beveled to form a frusto 
conical belt engaging zone that faces, the first said zone 
forming with it a belt receiving V-groove, the bore in the 
second pulley member being larger in size than the outside 
of the hub on the first pulley member and leaving a cylin 
drical space about the hub, and a precessing bushing posi 
tioned in said space and sized to have a sliding fit with 
both the hub and inside the bore, the bushing being free 
to rotate relative to both of said pulley members, permit 
ting the bushing to turn in response to precessional force 
produced by the pressure exerted on the pulley members 
due to belt tension as the pulley is rotated, whereby to 
prevent the setting up of "fretting corrosion' between the 
concentric surfaces presented by the hub on the first and 
the bore in the second of the pulley members. 
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