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ABSTRACT OF THE DISCLOSUIRE 

This invention relates essentially to a variable torque 
slip device for use as a drag brake or other similar de 
vices requiring a controlled torque, comprising a rotary 
member having a helical spring circumposed thereabout 
and in frictional engagement therewith, whereby in oper 
ation a force is applied to the spring in an unwinding di 
rection, thus reducing the interference torque about the 
said rotary member. 

This invention relates generally to limit-torque devices, 
and is especially concerned with such devices as include a 
spring-Wrap slip element. 
As is well known to those versed in the art, variable 

torque slip devices find numerous applications in mech 
anisms requiring different levels of limit torque, say in the 
testing of motors or solenoids under varying load condi 
tions. Such situations require extreme accuracy and re 
peatability of settings, which has heretofore been ex 
tremely difficult to obtain. 

Another very important area of application for vari 
able torque slip elements is in the field of tape or film 
winding mechanisms, where constant tape or film tension 
is required. Slip clutches and drag brakes are generally 
used for providing the limit torques for the take up and 
supply reels respectively. With a constant torque slip ele 
ment, the tension of the tape will be lowest at the maxi 
mum reel diameter and highest at the minimum diameter. 
Consequently, in order to obtain constant tape tension the 
limit torque of the slip element must vary directly with the 
tape diameter of the respective reel. This variable torque 
slip device is suitable for fulfilling this function. 

Accordingly, it is an important object of the present in 
vention to provide a variable-torque slip device of the 
type described, wherein substantially infinitely variable 
torque settings are accurately and repeatably obtainable. 

It is a further object of the present invention to provide 
a variable-torque slip device having the advantageous 
characteristics mentioned in the preceding paragraph, 
which is extremely simple in construction, durable and 
reliable throughout a long useful life, and which can be 
economically manufactured for sale at a reasonable price. 

It is a more particular object of the present invention 
to provide a variable-torque slip device of the type de 
scribed wherein a rotary member in the nature of a shaft, 
brake drum or the like is encompassed by a helical spring 
frictionally circumposed about the rotary member, and 
wherein spaced portions of the spring are displaced angu 
larly relative to each other to effect opening and closing 
of the spring for varying the friction torque applied by the 
spring to the rotary member. 

Other objects of the present invention will become ap 
parent upon reading the following specification and refer 
ring to the acco inpanying drawings, which form a ma 
terial part of this disclosure. 
The invention accordingly consists of the features of 

construction, combinations of elements, and arrangements 
of parts, which will be exemplified in the construction 
hereinafter described, and of which the scope will be 
indicated by the appended claims. 

In the drawings: 
FIGURE 1 is a side elevational view showing a vari 
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2 
able-torque slip device constructed in accordance with the 
teachings of the present invention; 
FIGURE 2 is a sectional elevational view taken gener 

ally along the line 2-2 of FIGURE 1: 
FIGURE 3 is a side elevational view showing a slightly 

modified variable-torque slip device of the present inven 
tion; 
FIGURE 4 is a sectional elevational view taken gener 

ally along the line 4-4 of FIGURE 3; 
FIGURE 5 is a plan view showing a variable-torque 

slip device of the present invention in operative associa 
tion with a Supply reel for varying the torque applied 
thereto responsive to the diameter of coiled material on 
the reel; 
FIGURE 6 is an elevational view of the variable-torque 

slip device of FIGURE 5; 
FIGURE 7 is a longitudinal elevational view, partly in 

Section, illustrating an embodiment of variable-torque 
slip device for a take-up reel, constructed in accordance 
with the teachings of the present invention. 
FIGURE 8 is a plan view, partly in section, showing 

a further embodiment of variable-torque slip device of 
the present invention for a take-up reel, as taken along 
the line 8-8 of FIGURE 9; and 
FIGURE 9 is a sectional view taken generally along 

the line 9-9 of FIGURE 8. 
Referring now more particularly to the drawings, and 

Specifically to FIGURES 1 and 2 thereof, a slip device 
is there generally designated 29, and includes a supporting 
Structure 21 having a base 22 and spaced upstanding sup 
ports or journal pedestals 23 and 24. A rotary member 25 
extends through the supports 23 and 24, including a shaft 
25 having Spaced portions journaled for axial rotation in 
respective Supports. The rotary member 25 includes an 
enlargement, collar or drum 27 keyed to the shaft 26 
between the Supports 23 and 24, for rotation therewith. 

Circumposed about the drum 27 of rotary member 25, 
in frictional or gripping engagement therewith, is a heli 
cally coiled spring 36 having at opposite ends outstand 
ing terminal regions 31 and 32. A holding member or pin 
33 is fixed to the support 24, projecting inward therefrom 
for abutting engagement with the terminal spring region 
3. 

Adjacent to the terminal spring region 32 there is pro 
vided a control member 35, including an arm 36 mounted 
for swinging or rotative movement about the axis of ro 
tary member 25 and extending radially therefrom. Carried 
by the arm 36 of the control member 35 is an abutment 
or post 37 projecting from the arm for movement there 
with into abutting engagement with the terminal spring 
region 32. Thus the control member 35 may be swung 
about the axis of shaft 26, in the direction of arrow 38 
in FIGURE 2, to open or spread the helical spring 30 
and reduce frictional gripping engagement of the spring 
with respect to the drum 27. In this manner, the terminal 
regions 3 and 32 of spring 30 are angularly displaced 
relative to each other to vary frictional engagement of the 
spring with the drum, which frictional engagement is ac 
curately controllable and repeatable for applying a limit 
torque through the rotary member 25. 
The variable-torque slip device shown in FIGURES 3 

and 4 is essentially similar to that of FIGURES 1 and 2, 
but employs a plurality of spring elements. More partic 
ularly, the variable-torque slip device 20a of FIGURES 3 
and 4 includes a Supporting structure, generally desig 
nated 21a having a pair of Spaced support members 23a 
and 24a rigidly connected together by a plurality of paral 
lel spaced, generally cylindrically arranged tie members 
22a. Extending rotatably through the support structure 
2a is a rotary member 25a, being journaled for axial 
rotation at spaced locations in the support members 23a 
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and 24a. The rotary member 25a may include a shaft 26a 
and an enlargement or drum 27a carried by the shaft 
between the support members 23a and 24a. 
A plurality of helically coiled springs are arranged in 

axially aligned adjacent relation circumposed about the 
drum. 27a in frictional engagement therewith. The sev 
eral springs are each designated 30a, and each formed 
with its terminal regions bent to project generally radially 
outward, as at 31a and 32a, 
A control member is generally designated 35a, and in 

cludes a pair of spaced plates 40 and 41, respectively ad 
jacent to support members 23a and 24a and mounted for 
rotation about the axis of rotary member 25a and rela 
tive thereto. In the illustrated embodiment the control 
member plate 40 is located inward of the support mem 
ber 23a, between the latter and support member 24a, 
while the control-member plate 41 is located outward of 
the support member 24a, on the side thereof remote from 
the Support member 23a. A plurality of elongate tie mem 
bers 42 extend rigidly between and connect the plates 40 
and 41, to mount the control member for unitary swinging 
or rotative movement about the axis of shaft 26a. The 
ties or connecting members 42 of the control member 35a 
may be located in the same cylindrical arrangement as the 
ties or connecting members 22a, so that relative rotation 
of the control member 35a is limited by abutting engage 
ment between the connecting members 22a and 42. A con 
trol arm 36a may project radially from one plate 40 for 
effecting rotation of the control member 35a. As best seen 
in FIGURE 4, the terminal spring regions 31a are in 
abutting engagement with one of the fixed tie members 
22a, while the other terminal spring regions 32a are in 
abutting engagement with one of the movable tie mem 
bers 42 of the control member 35a. Thus, rotative or 
Swinging movement of control member 35a, as by swing- : 
ing of arm 36a, effects angular displacement of the ter 
minal regions 3a and 32a of the several springs 30a 
to open or distend the springs and reduce their frictional 
engagement with the drum 27a. Thus, any selected limit 
torque may be applied to the rotary member 25a in gen 
erally the same manner as described hereinbefore in con 
nection with the embodiment of FIGURES 1 and 2. 

Referring now to FIGURES5 and 6, a variable-torque 
slip device is there generally designated 20b and carried 
by a mounting structure or plate 45, fixed on one side 
thereof. Interiorly of the slip device 20b is a rotary mem 
ber of the type described in connection with FIGURES 
1-4, which may project through the mounting plate 45 
and on its projecting end carry a spool 46 for uncoiling 
of tape 47, or the like. Extending from the slip device 
20b is a control arm 36b for controlling the drag torque 
of the rotary member. 

Sensing means is generally designated 50 and may in 
clude a shaft 51 extending rotatably through the mount 
ing plate 45 and carrying on one end adjacent to the 
Spool 46 a crank arm 48. The crank arm 48 is provided 
with a rotatable wheel or follower roll 49 engageable with 
the coiled material 47 on the spool 46 for sensing the 
diameter of the coiled material and rotating or swinging 
about the axis of shaft 51 in response to the diameter 
of coiled material. Suitable spring means 52 may be cir 
cumposed about the shaft 51 having its opposite ends con 
nected to the mounting plate 45 and arm 48 for main 
taining the roll 49 in rolling engagement with the material 
47. 
The shaft 51 is provided, remote from the arm 48, with 

a crank 53, to which a link or connecting member 54 is 
eccentrically connected. The opposite end of the link 
54 is connected to the distal end of the control arm 36b. 
In this manner, the angular motion of the crank arm 48, 
effected in response to variations in the diameter of the 
coiled material 47, will cause an equivalent angular mo 
tion of the control arm 36b. Thus, it will now be appre 
ciated that the control arm 36b is rotated in accordance 
with the diameter of coiled material 47 through the sens 
ing means 50, crank 53 and connecting link 54. In this 
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4 
manner, accurate control of drag torque applied to the 
shaft of a spool 46 is automatically maintained in accord 
ance with the diameter of material 47 coiled about the 
shaft. 

In the embodiment of FIGURE 7, there are a pair 
of fixed, spaced Support members or plates 23c and 24c, 
and a rotary member 25c extending therebetween and 
journaled therein. The rotary member includes a shaft 26c 
and an enlargement or drum 27c on the shaft. A helically 
coiled spring 30c is frictionally circumposed about the 
drum 27c and has its terminal regions bent to extend 
radially outward, as at 31c and 32c. An input gear 56 is 
journaled-on the shaft 26c for rotation therewith and rela 
tive thereto, and includes a holding member or longitudi 
nal extension 33c located for abutting engagement with 
terminal spring region 31c. Journaled on the shaft 26c 
on the opposite side of spring 30c as gear 56 is a clutch 
reaction element or roll 57 carrying a longitudinal exten 
sion or control element 37c projecting for abutting en 
gagement with the spring terminal region 32c. The ro 
tary reaction element 57 is provided with an opposite 
longitudinal extension 58 disposed in facing spaced re 
lation with the end portion of holding member 33c, the 
latter having on its end portion an oblique cam surface 
59. 

Also mounted on the shaft 26c adjacent to the reaction 
element 57, is a cam actuator carrier or roll 60. The roll 60 
is mounted for rotation about the shaft 26c, relative 
thereto, and for linear movement longitudinally of the 
shaft. The carrier 60 carries a cam-actuating element or 
follower 66 which is engageable between the cam surface 
59 of holding member 33c and the extension 58 carried 
by the reaction element, which also carries the control 
member 37c. 
An additional carrier roll 61 is mounted on the shaft 

26c for rotation relative thereto. Further, the carrier mem 
ber 61 is constrained to longitudinal sliding movement 
along the shaft 26c by a pin-in-slot connection 62. Thus, 
the carrier 61 is constrained to pure longitudinal or linear 
movement along the shaft 26c while the latter may ro 
tate, and the carrier 60 may rotate with or relative to the 
shaft 26c as well as move linearly with the carrier 61. 
A control crank 63 is journaled on shaft 26c for rota 

tion relative to the shaft and is constrained against move 
ment longitudinally of the shaft. Provided on the con 
trol crank 63 is a cam surface 64 facing toward the car 
rier 61, and a cam follower 65 is provided on the carrier 
61 in following engagement with the surface 64. 
Thus, angular shifting or rotation of control crank 63 

effects longitudinal shifting of carrier 61 by the move 
ment of follower 65 on inclined cam surfaces 64. This 
shifts carrier 60 and cam actuator 66 longitudinally of 
the shaft to effect relative displacement between the hold 
ing member 33c and control member 37c for opening 
or closing the spring 30c about the drum 27c to vary 
frictional engagement torque between the spring and drum. 
During such movement, the gear 56 may be driven and the 
drum 27c, spring 30c, reaction element 57 and carrier 
60 all rotate, while the carrier 61 does not rotate but 
only moves linearly. The control crank 63 will rotate 
relative the shaft 26c, as mentioned above, thus effecting, 
by means of its cam surface 64, the linear movement of 
the carrier 61 and the resultant movement of the reaction 
element 57 that will cause the relative unwinding of the 
Spring 30c thus reducing the amount of torque required 
to rotate the shaft 26c. Rotation of the crank 63 may be 
accomplished through the means of a linkage (not 
shown), in the manner described in the preceding em 
bodiments. Such linkage may be connected to the crank 
63 by means of the pin 63a. This arrangement is suitable 
for a take-up reel in which the tape is to be wound at 
constant tension. 

Referring now to FIGURES 8 and 9, a pair of mounting 
plates are shown at 23d and 24d in spaced facing relation. 
A drive shaft 67 extends between and is journaled in the 
mounting plates 23d and 24d carrying a pair of spaced 



5 
drive gears 68 and 69 keyed to the drive shaft. A driven 
shaft 26d extends between and is journaled in the mount 
ing plates 23d and 24d, substantially parallel to the drive 
shaft 67, and carries an enlargement or drum 27d keyed to 
the driven shaft. Rotatably circumposed about the driven 
shaft are gears 70 and 71 on opposite sides of the drum 
27d, the former carrying an extension or holding member 
33d extending longitudinally of and over the drum 27d, 
while the latter carries a control member extension 37d ex 
tending longitudinally of and over the drum 27d. A 
helically coiled spring 30d is frictionally circumposed 
about the drum 27d and formed with outstanding ter 
minal regions 31d and 32d in respective abutting engage 
ment with holding member 33d and control member 37d. 
An idler gear 72 is rotatably carried by the mounting 

plate 23d and in meshing engagement and between the 
gears 68 and 70 to drive the latter gear in accordance 
with rotation of the shaft 67. The idler gear 72 is carried 
by a shaft 73 rotatable about a fixed axis. 

Interposed between the gears 69 and 71, in meshing 
engagement therewith is an idler gear 74, mounted for 
rotation on a shaft 75 which is moveable with a control 
crank 76 carried on the shaft 67 for Swinging movement 
about the axis thereof. 

Thus, upon rotation of the shaft 67 by a suitable drive 
means, the gears 68, 72 and 70 combine to define a posi 
tive transmission for effecting rotation of the holding 
member 33d and consequent rotation of the spring end 
region 31d at a speed proportional to that of the driving 
speed. The gears 69, 74 and 71 combine to define an 
additional transmission chain for effecting rotation of the 
control member 37d and its adjacent abutting Spring end 
region 32d. However, by movement of the idler gear 74 
with control crank 76 relative to the driven gear 71, the 
driven gear and its control member 37d are displaced 
angularly about the axis of driven shaft 26d relative to 
the holding member 33d. This relative displacement 
causes opening or spreading of the spring 30d to vary 
the frictional engagement of the spring with the drum 
27d. Of course, control of the crank 76 may be made 
responsive to a coil diameter or other variable to be 
sensed, as desired, as by a link or control arm 77 pivotal 
ly connected to the shaft 75 which is freely movable in 
the enlarged opening 78 provided in plate 24d. This ar 
rangement is also suitable for a take-up reel. 
From the foregoing it is seen that the present invention 

provides a variable-torque slip device which fully ac 
complishes its intended objects and is well adapted to 
meet practical conditions of manufacture, installation and 
S. 

Although the present invention has been described in 
some detail by way of illustration and example for pur 
poses of clarity of understanding, it is understood that 
certain changes and modifications may be made within 
the spirit of the invention and scope of the appended 
claims. 
What is claimed is: 
1. A variable-torque slip device comprising a rotary 

member, a helical spring circumposed about said rotary 
member in constant self energized frictional engagement 
therewith, a holding member operatively connected to 
one portion of said spring, and a Swingable control mem 
ber operatively connected to another portion of said 
spring for angularly displacing said portions relative to 
each other to vary the friction torque applied to said 
rotary member. 

2. A variable-torque slip device according to claim 1, 
said spring being generally coaxial with the axis of rota 
tion of said rotary member, and said control member 
being swingable about said axis for displacing said other 
spring portion angularly about said axis relative ot said 
one spring portion. 

3. A variable-torque slip device according to claim 2, 
said spring portions being at opposite ends of said spring 
and comprising outstanding terminal spring regions. 
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4. A variable-torque slip device according to claim 3, 
said holding and control members being in abutting 
engagement with respective terminal spring regions. 

5. A variable-torque slip device according to claim 4, 
in combination with a second helical spring for coaxial 
circumposition about said rotary member in frictional 
engagement therewith, and a second pair of outstanding 
terminal regions on said second spring respectively en 
gageable with said holding and control members, for 
angularly displacing one of said second pair of terminal 
regions relative to the other of said second pair of ter 
minal regions simultaneously with relative displacement 
of said first-mentioned pair of terminal regions. 

6. A variable-torque slip device according to claim 4, 
in combination with a rotatable coil spool operatively 
connected to said rotatable member for rotation there 
with, sensing means for sensing the coil diameter on said 
spool, and operating means connected between said 
sensing means and control member to swing the latter 
responsive to said coil diameter. 

7. A variable-torque slip device according to claim 6, 
said sensing means comprising a swingable follower arm 
engageable with said coil and angularly displaced thereby, 
and said operating means comprising a connecting link 
between said follower arm and control member. 

8. A variable-torque slip device according to claim 4, 
said holding member being rotatable about said axis for 
rotation with said spring, and said control member being 
rotatable about said axis for rotation with said spring 
and relative to said holding member for varying the 
relative angular displacement between said terminal 
Spring regions and the friction applied to said rotary 
member. 

9. A variable-torque slip device according to claim 8, 
in combination with cam means operatively connected 
between said holding and control members for rotation 
therewith and longitudinally movable relative thereto for 
effecting said relative angular displacement. 

10. A variable-torque slip device according to claim 8, 
in combination with drive means, a first transmission con 
nected between said drive means and said holding mem 
ber for rotating the latter in accordance with said drive 
means, and a Second transmission connected between said 
drive means and control member for rotating said control 
member, Said second transmission comprising a drive 
gear connected to said drive means, a driven gear rotat 
able coaxially with and connected to said control member, 
a intermediate idler gear connected in meshing engage 
ment between said drive and driven gears, and mounting 
means mounting said idler gear for movement of its axis 
relative to said drive and driven gears, to vary the relative 
displacement of said holding and control members. 

11. A variable-torque slip device comprising a rotary 
member, a helical spring circumposed about said rotary 
member in frictional engagement therewith, a holding 
member coaxially rotatable relative to said rotary mem 
ber and operatively connected to one portion of said 
spring, a control member coaxially rotatable relative to 
said rotary member and operatively connected to another 
portion of said spring, can means on at least one of said 
holding and control members, and cam-actuating means 
in operative engagement with said can means mounted 
for rotation coaxially with and shifting movement longi 
tudinally of said rotary member for actuating said cam 
means during rotation thereof to angularly displace said 
members relative to each other. 

12. A variable-torque slip device comprising a rotary 
member, a helical spring circumposed about said rotary 
member in frictional engagement therewith, a holding 
member operatively connected to one portion of said 
spring and rotatable coaxially with said rotary member, 
a control member operatively connected to another por 
tion of said spring and rotatable coaxially with said 
rotary member and relative thereto for angularly dis 
placing said spring portions relative to each other to vary 



3,405,791 
7 

the friction applied to said rotary member, a drive means, 
a first transmission connected between said drive means 
and said holding member for rotating the latter in ac 
cordance with said drive means, and a second transmis 
sion connected between said drive means and control 
member for rotating said control member, said second 
transmission means comprising a drive gear connected to 
said drive means, a driven gear rotatable coaxially with 
and connected to said control member, an intermediate 
idler gear connected in meshing engagement between 
said drive and driven gears, and mounting means mount 
ing said idler gear for movement of its axis relative to 
said drive and driven gears, to vary the relative 
displacement of said holding and control members. 
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