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speed shaft spatially related to a heavy duty shaft, a 
drive train for driving the reference speed shaft at a 
constant angular velocity, a drive train for driving the 
heavy duty shaft at a variable angular velocity and a 
speed control assembly for continuously comparing the 
angular velocity of the heavy duty shaft with the angu- 
lar velocity of the reference speed shaft, and a brake 
assembly connected to the heavy dutv shaft adauted to 
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the heavy duty shaft for limiting its speed to that of the 
reference speed shaft. 

OBJECTS AND SUMMARY OF THE 

SPEED CONTROL DEVICE FOR A HEAVY DUTY 
SWAlT 

BACKGROUND OF THE INVENTION 
1. Field of the Invention: 
The invention generally relates to a mechanism for 

controlling the speed of a heavy duty output shaft, 
hereinafter referred to simply as a heavy duty shaft. 
More precisely, the invention relates to a speed control 
device particularly suited for use in mechanically limit- 
ing the speed of a heavy duty shaft to the speed of a 
small shaft, hereinafter referred to as a reference speed 
shaft, driven at a precisely controlled reference speed. 

2. Description of the Prior Art: 
It is contemplated that for certain future space mis- 

sions extensive use will be made of solar sails in propel- 
ling spacecraft through celestial space environments. 
As a consequence, it is further contemplated that be- 
cause of an increased use of solar sails reliance upon 
rocket engines and the like for propulsion purposes 
greatly will be reduced. 

One of the various types of systems currently pro- 
posed for use includes a plurality of deployable blades 
adapted to assume an extended configuration in re- 
sponse to angular momentum imparted thereto in re- 
ponse to angular displacement of a common supporting 
element. Each of the blades, when extended, is approxi- 
mately eight meters wide and 6,250 meters long. There- 
fore, it is further proposed that the blades be furled 
about a rotatable element for facilitating launch and 
subsequently unfurled into an extended configuration. 
Consequently, large torques can be expected to be en- 

INVENTION 
It is, therefore, an object of the instant invention to 

provide an improved speed control device for control- 
ling the speed of a heavy duty shaft. 

It is another object to provide an improved speed 
control device particularly suited for use in stabilizing 
the rate of rotation for a heavy duty shaft. 

It is another object to provide a simple and economic 
speed control device wherein the speed of a driven 
heavy duty shaft is mechanically compared and contin- 

15 uously limited to that of a reference speed shaft driven 
by a constant angular rate of rotation. 

It is another object to provide an improved speed 
control device for stabilizing the rate of rotation for a 
heavy duty shaft adapted to be employed in deploying 

20 solar sails and the like from a craft operating in a celes- 
tial space environment. 

Another object is to provide a speed control device 
particularly useful in connection with a simultaneous 
deployment of a plurality of large panels from a space- 

25 craft, but not necessarily restricted in use thereto since 
the speed control device has utility in terrestrial envi- 
ronments where the angular velocity of a heavy duty 
shaft must be precisely controlled. 

These and other objects and advantages are achieved 
30 through a use of a reference speed shaft driven at a 

constant speed by a stepper motor or the like, a heavy 
duty shaft driven at a variable rate, means for mechani- 
cally comparing the rates of the shafts, and a brake 
mechanism coupled with the heavy duty output shaft 

35 controlled by the reference speed shaft for stabilizing 
the angular velocity of the heavy duty shaft at a rate 
dictated by the stepper motor will become more readily 
apparent by reference to the following description and 
claims in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

device which embodies the principles of the instant 
invention. 

FIG. 2 is a cross sectional view, taken generally along 
line 2-2 of FIG. 1, schematically illustrating the device 
in an operational configuration. 

ORIGIN OF THE INVENTION 5 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

counteied as the-blades are unfurled in response to 
centrifugal forces acting thereon. Consequently, the 
speed at which the supporting element is driven in 
achieving an unfurling of the blades must be Precisely 45 
controlled in order to avoid an introduction Of unbal- 
ancing radial forces resulting from uneven mass distri- 

FIG. f is an end elevational view of a speed control 

bution to the blades. 
The prior art, of course, is replete with brakes and the 

like which, in oDeration, serve to control the speed or 5n 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT _ _  

angular velocities of driven elements and shaftsbf vari- Referring now to the drawings wherein like refer- 
ous sizes and configurations. For example note U.S. Pat. ence characters designate like or corresponding parts 
No. 2,234,181 to Walter T. Lang. However, the speed throughout the several views, there is shown in FIG. 1 
control devices heretofore employed in controlling the a speed control device, generally designated 10, em- 
angular velocity of heavy duty shafts generally lack the 55 bodying the principles of the instant invention. 
required precision to be found acceptable in environ- It is to be understood that the speed controlled device 
ments wherein weight, bulk and power limitations are 10 is supported within a suitable housing 11 which 
of a primary concern, such as in those instances in forms no specific part of the instant invention. However 
which the devices are to be employed in a celestial for the sake of clarity the device 10 is illustrated as being 
space environment. 60 mounted in a housing or the like, generally designated 

It is therefore the general purpose of the instant in- 11, and having an output or heavy duty shaft 12 con- 
vention to provide a novel speed control device for a nected in driving relation with a load 13. 
heavy duty shaft characterized by a reference speed As a practical matter, the heavy duty shaft 12 is con- 
shaft coupled in driven relation with a small precisely nected to a variable speed unit 14 adapted to drive the 
controlled stepper motor adapted to impart thereto an 65 shaft 12 at an angular rate which, in operation, may 
angular velocity to which the angular velocity of the vary in response to change in its loading. On the other 
heavy duty shaft is continuously compared mechani- hand, the load 13 comprises a load of the type requiring 
cally and a brake for controlling the angular velocity of that a precise angular velocity be imparted the drive 
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shaft 12. To this end the speed control device PO is 
employed for stabilizing the angular velocity of the 
shaft 12. 

The heavy duty shaft 12 is connected in driving rela- 
tion with the load 13, as well as in driven relation with 
the variable speed drive unit 14, employing any suitable 
power train, not shown. It will, therefore, be appreci- 
ated that the drive unit 14, where so desired, is provided 
with a suitable overrunning clutch, not shown, whereby 
the angular velocity of the shaft 12 may be varied as the 
load applied thereto is varied. 

In practice, a gear train 16 is interposed between the 
unit 14 and the shaft 12 and includes a bull gear 18 
meshed with a spur gear 20 mounted on the shaft 12 and 
coupled thereto through the use of a key 22 seated in a 
suitably formed keyway, not designated. 

The heavy duty shaft 12 also is connected through a 
spur gear 24 with an error speed indicator shaft 26. The 
spur gear 24 is so mounted on the shaft 12 in coaxial 
relation with the spur gear 20 that as a practical matter 
the key 22 preferably is employed for commonly con- 
necting both the spur gears 20 and 24 to the shaft 12 
simultaneously. 

The spur gear 24 is connected to the error speed 
indicator shaft 26 through a spur gear 28 rigidly 
mounted on the shaft 26 and connected thereto through 
the use of a key 22, not shown, also seated in a suitably 
formed keyway, not designated. 

It is to be understood that the gears 24 and 28 are 
intermeshed at the peripheries. Hence, rotary motion 
imparted to the spur gear 24, in response to rotary mo- 
tion imparted the heavy duty shaft 12, serves to impart 
angular displacement to the error speed indicator shaft 
26. Moreover, it is important to appreciate that the 
angular velocity imparted to the error speed indicator 
shaft is directly proportional to the angular velocity of 
the heavy duty shaft 12. Thus the diameters of the gears 
24 and 28 serve to establish a fixed gear ratio so that the 
relationship of the angular velocities of the shafts 12 and 
26 at all times remains substantially constant. 

For example, where the heavy duty shaft 12 is con- 
nected with a plurality of blades for a solar sail, during 
an unfurling of the blades, shaft 12 may be driven at a 
variable speed of approximately one r.p.m., while the 
error speed indicator shaft is responsively driven at a 
variable speed of approximately fifty r.p.m. Conse- 
quently, the gear ratio for the gears 24 and 28 is approxi- 
mately fifty to one. Of course, as can readily be appreci- 
ated, this ratio is varied as desired. 

Extended axially through the error speed indicator 
shaft 26 there is a reference speed shaft 30. This shaft 30 
is connected with a suitable constant speed drive, such 
as a stepper motor 32, the speed of which can be pre- 
cisely controlled. Such a motor is commercially avail- 
able and may be of a type adapted to provide an output 
of 2000 r.p.m. The motor 32, in turn, is connected with 
the shaft 30 through a suitable gear box 34 which serves 
to gear-down the output of the motor 32. For example, 
where the heavy duty shaft 12 is one r.p.m., the gear 
box 34 imparts an angular velocity of fifty r.p.m. to the 
shaft 30 even though the output of the motor 32 is 2000 
r.p.m. Hence, it should be apparent that the reference 
speed indicator shaft 30 is maintained at a constant an- 
gular velocity so that its speed can be considered a 
constant and thus a reference speed. 

Since because of unbalancing of loads applied to the 
heavy duty shaft 12 its angular velocity varies from a 
constant. Thus the angular velocity of the error speed 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60  

65 

4 
indicator shaft 26 is caused to vary from a constant. 
Hence the angular velocity of the shaft 26 is caused to 
vary from that of the reference speed shaft 30. Such a 
variation in the angular velocity of the shaft 26 com- 
prises an indication of angular velocity error for the 
heavy duty shaft 12. 

The magnitude of the angular velocity error for the 
heavy duty shaft 12 is represented by the rate of change 
of the lead or lag of the shaft 26 with respect to the 
reference speed shaft 30. This lead or lag establishes an 
angle of mutual angular displacement for the shafts 26 
and 30 which is hereinafter referred to as a control 
angle and is designated alpha, FIG. 1. 

Of course, in order to stabilize the angular velocity of 
the heavy duty shaft 12 it is necessary that the rotation 
of the shaft 12 be retarded as the control angle alpha 
develops. Such ietardation of the shaft 12 is achieved 
through a simple brake assembly, generally designated 
36, FIG. 1, which applies an increasing load to the shaft 
12 in response to increasing changes as they occur in the 
control angle. The increasing load applied by the brake 
36 acts in opposition to forces applied to the shaft 12 in 
directions for increasing its angular velocity. Similarly 
the brake 36 applies a diminishing load as the shaft 12 
slows to the speed of the shaft 30. 

The brake assembly 36 includes a linear member 37 
comprising a pair of axially aligned arms 38 and 40 
commonly connected to the shaft 26. As a practical 
matter, a bore 42 is extended through the midportion of 
the linear member 37 and receives therein the end por- 
tion of the error speed indicator shaft 26. The shaft 26 is 
received in a manner such that arms 38 and 40 are com- 
monly supported by the shaft 26. In practice arms 38 
and 40 are rigidly connected with the error speed indi- 
cator shaft 26 through the use of a key 44 seated in a 
suitable keyway, not designated. It is, therefore, to be 
understood that the arms 38 and 40 simultaneously ro- 
tate about the axis of the shaft 26 in response as rotary 
motion is imparted to the shaft. 

To the extended end portion of each of the arms 38 
and 40 there is connected a foot, designated 46 and 48 
respectively. Each of the feet 46 and 48 is pivotally 
supported at one end for free oscillation about an axis 
transversely related to one end of one of the arms 38 and 
40. Use is made of a suitable linch pin 50, of known 
design, for effecting a coupling of one end of each of the 
feet 46 and 48 to the arms 38 and 40. Thus the feet are 
coupled to the shaft 26 via the linear member 37. 

Disposed in circumscribing relation with the axis of 
the shafts 26 and 30, as well as the feet 46 and 48, there 
is an annular brake drum 52. This drum includes an 
arcuate surface 54 concentrically related with the axis 
of the shaft 26 and 30 so that as rotary motion is im- 
parted to the shaft 26, the feet 46 and 48 are caused to 
progress along a circular path in close proximity with 
the arcuate surface 54 of the brake drum 52. 

A brake shoe 56 is pivotally connected to one end of 
each of the feet 46 and 48, opposite that at which a linch 
pin 50 connects the foot to one of the arms 38 and 40. 
While the brake shoes 56 are of a suitable design, as 
shown, each of the brake shoes 56 is lined with a brake 
pad 58 disposed in contiguous relation with the surface 
54. Consequently, as the error speed indicator shaft 26 is 
driven in rotation, the brake pads 58 are thus caused to 
slide along the adjacent arcuate surface 54 of the brake 
drum 52. However, the friction developed between the 
contiguous surfaces of the pads 58 and the surface 54 is 
largely inconsequential and produces little retardation 

. 
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for the heavy duty shaft 12 so long as the shafts 26 and OPERATION 30 are driven at a common angular velocity and the 
magnitude of the control angle alpha is substantially It is believed that in view of the foregoing descrip- 
zero degrees. tion, the operation of the device will readily be under- 

Therefore, in order to provide for an actuation of the 5 stood, however, in the interest of completeness it will be 
brake assembly 36 a pressure applicator assembly, gen- briefly reviewed at this point* 
erally designated 60, is provided. The pressure applica- With the 'peed device lo in the 

manner hereinbefore described and connected with the tor assembly 60 also includes a rigid linear member 62 
heavy duty shaft 12, the device is ready for operation. 

having a bore 64 formed through the 10 Assuming, for purposes of explanation, that the heavy 
thereof. This bore serves to receive therein an extended duty shaft 12 is connected with a load 13, comprising a end portion Of the reference speed shaft 30* In practice, 
a key and keyway 66 is provided for plurality of furled blades forming sails for a spacecraft, 

rotary motion imparted to the heavy duty shaft 12 by 
uniting the rigid member 62 with the shaft 30 in a man- the variable speed unit 14 the panels to extend 
ner similar to that in which the key 44 is employed for 15 under the influence of centrifugal forces applied 
connecting the member 37 with the shaft 26. thereto. It is necessary that the speed of the shaft 12 be 

As a matter of convenience it may be assumed that precisely stabilized in order to avoid an introduction of 
the axes of the rigid members 37 and 62 serve to define unbalancing forces resulting in uneven mass distribution 
the control angle alpha. of the blades. 

In order to assure the stabilization of the speed of the 
nated 68 and 70, serve as pressure applicator arms ar- shaft 12 the stepper motor 32 is energized for driving 
ranged in diametrically opposed axial alignment. Each the reference speed shaft 30, through the gear box 34, at 
of the end portions 68 and 70 is of a tubular configura- a constant angular velocity. Preferably, the shaft 30 is 
tion and Serves to receive therein a pressure applicator driven at a ratio of fifty-to-one with respect to a desired 
subassembly 72. These subassemblies each include a 25 angular velocity of the shaft 12. Moreover, the angular 
roiler 74, mounted in a bracket 76 projected velocity of the shaft 12 is proportional to angular veloc- 
from the end portion of the member 62. Each of the ity of the error speed indicator shaft 26 because of the 

sion spring 78 disposed in an abutting engagement with driven at an angular velocity which varies in a direct 
30 proportional relationship with the angular velocity of 

the shaft 12. Consequently, when the shaft 12 is driven the bracket 76. Consequently, each pressure applicator 

radially extended from the reference speed shaft 30 and 26 and the shaft 3o are driven simultaneously at an 

applied forces of the compression spring 78. 35 spring loaded rollers 74 remain seated above the pivotal 
As best shown in FIG. 2, each of the feet 46 and 48 

includes a platen 80 comprising an arcuate surface de- However, as the load 13 decreases, as a consequence 
fined along the inner surface of the feet 46 and 48 in of the momentum of the blades, or the like, the angular 
concentric relation with the axis of the shafts 26 and 30. velocity of the shaft 12 is caused to increase with an 
Each of the rollers 74 is, in turn, seated on a platen 80. 40 attending increase in the speed of the error speed indica- 
Consequently, the rollers 74 are supported against out- tor shaft 26. Thus the shaft 26 is caused to accelerate 
ward displacement, relative to the shafts 26 and 30 by with respect to the reference speed shaft 30 for causing 
the platen 80. Hence the forces applied to the roller 74 the arms 38 and 40 to advance relative to the member 
by the compression spring 78 are opposed by the pivot- 37. As the arms thus advance a control angle alpha 
ally supported feet 46 and 48. 45 having an increasing magnitude is established. The mag- 

Moreover, it should now be apparent that when the nitude of this angle is dictated by the magnitude Of the 
control angle alpha is zero degrees the spring loaded error occuring in the angular velocity ofthe heavy duty 
rollers 74 are disposed in substantially radial alignment shaft 12. 
with the linch pins 50. However, in the event the angu- Of course, as the rigid member 37 is angularly ad- 
lar velocity of the heavy duty shaft 12 is increased, for 50 vanced, with respect to the rigid member 62, the rollers 
thus increasing the magnitude of the control angle al- 74 are caused to advance away from the Of the 

linch pins 50 and toward the brake shoes 56. Due to the pha, the rollers 74 are thus advanced along the platens 
forces applied to the platens 80 of the feet 46 and 48, by 80 toward the brake shoes 56 and away from the axis of the springs 78 acting on the rollers 74, an increase in the 

The opposite end portions of the member 62, desig- 20 

rollers 74 is supported against retraction by a compra- meshing Of the gears 24 and 28* Hence, the shaft 26 is 

subassembly 72 is Oriented with the axis thereof being at a proper angular velocity of, say, one r.p.m., the shaft 

is continuously urged in response to the angular velocity of fifty r.p.m. In such instances the 

of the linch pins 50. 

the linch pins 50' advancement Of the 55 forces with which the brake shoes 56 act on the arcuate the platen 8o Serve to force the brake pads 58 Of the surface 54 of the brake drum 52 is increased. Thus the brake shoes against the arcuate surface 54 Of the friction developed between the adjacent surfaces of the 
brake drum 52 with an increasing force. Increase in the pad 58 and the arcuate surface 54 is increased. The thus 
force with which the pads 58 engage the arcuate surface increased friction acts in opposition to the rotation of 
54 of course increases friction between the contiguous 60 the error speed indicator shaft 30 and, therefore, acts in 
surfaces Of the pads and the brake drum. Thus a opposition to the heavy duty shaft 12 for thus retarding 
ing restraint iS applied to the rotating shaft 26, and dti- its rotation. Of course, as the shaft 12 is caused to decel- 
matelY to the rotating shaft 12, via the meshed gears 24 erate, because of the effects of the brake assembly 36, 
and 28. Of course, once the angular velocity of the control angle alpha is eliminated and the rollers 74 re- 
heavy duty shaft 12 is reduced SO that the magnitude of 65 turn to their initial positions over the axes of the linch 
the control angle alpha returns to zero degrees, the pins 50 and the speed of the shaft 12 stabilizes. 
rollers 74 again assume an initial position in radial align- In view of the foregoing, it is believed to be apparent 
ment with the linch pins 50. that the speed control device which embodies the prin- 
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8 
ciples of the instant invention provides a practical soh- 
tion to the perplexing problems heretofore encountered 
when attempting to control precisely the speed of a 
heavy duty shaft. 

Although the invention has been herein shown and 5 
described in what is conceived to be the most practical 
and preferred embodiment, it is recognized that depar- 
tures may be made therefrom within the scope of the 
invention, which is not to be limited to the illustrative 
details disclosed. 10 surface of said brake drum. 

2. The device of claim 1 wherein said brake means 

A. an annular brake drum concentrically related to 
said error indicator shaft; 

B. an arm rigidly affixed to said error indicator shaft 
and radially extended therefrom; and 

C. a brake foot pivotally connected to said arm hav- 
ing a frictional brake pad affixed thereto and sup- 
ported thereby in an engaged relation with the 

What is claimed is: 3. The device of claim 1 wherein said brake means 
1. A speed control device for a load sustaining heavy 

duty shaft comprising: A. an annular brake drum having an arcuate surface 
A. a reference speed shaft spatially related to a heavy concentrically related to said error indicator shaft; 

duty shaft; B. a pair of arms radially extended from said speed 
B. a variable speed drive motor coupled to said heavy indicator shaft; 

duty shaft for imparting a first angular velocity to C. a pair of friction feet, each having a surface defin- 
the heavy duty shaft independent of any sustained ing a platen of an arcuate configuration facing said 
load thereon and a constant speed drive motor error indicator shaft; 
coupled to said reference speed shaft for imparting 20 D. means pivotally connecting each foot of said pair 
a reference angular velocity to the reference speed to an extended end of one arm of said pair of arms, 
shaft; and whereby the feet are supported by the arms for 

C .  speed control means connected to the heavy duty advancement along a circular path concentrically 
shaft for maintaining a fixed relationship between related to said indicator shaft; 
the angular velocities imparted to the shafts, in- 25 E. a brake shoe affixed to each foot, near the free end 
cluding: thereof for frictionally engaging the surface of the 

(1) an error indicator shaft for indicating the instanta- brake drum; and 
neous angular velocity of said heavy duty shaft F. a pressure applicator disposed in engaged relation 
comprising a tubular shaft concentrically related to with said platen for varying the pressure at which 
said reference speed shaft; the shoe engages the surface of the brake drum. 

(2) means including a gear train interconnecting said 4. The device of claim 3 wherein said brake means 
error indicator shaft and said heavy duty shaft for further includys a pair of brake actuator arms rigidly 
maintaining the angular velocity of the error indi- affixed to said reference speed shaft and radially ex- 
cator shaft and the angular velocity of the heavy tended therefrom, and said pressure applicator com- 
duty shaft in a fixed proportional relationship; and 35 prises a spring biased roller connected to each of the 

(3) brake means connected with the error indicator extended ends of said pair of actuator arms and seated 
shaft responsive to increases in the angular veloci- on said platen supported to advance therealong relative 
ties of the heavy duty shaft, relative to the angular to the shoes for applying a varying pressure to the brake 
velocity of the reference speed shaft, for restrain- shoes in response to changes in the angular velocity of 
ing the error indicator shaft against angular dis- 40 the error indicator shaft, relative to the angular velocity 
placement for thereby reducing the angular veloc- of the reference speed shaft. 

includes: 

includes: 
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ity of the heavy duty shaft. * * * * *  
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