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[571 ABSTRACT 

A brake system is provided that applies braking forces on 
surfaces in both the translational and rotational directions 
using a single acting self-contained actuator that travels with 
the translational mechanism. The brake engages a mechani- 
cal lock and creates a frictional force on the translational 
structure preventing translation while simultaneously creat- 
ing a frictional torque that prevents rotation of the vertical 
support. The system may include serrations on the braking 
surfaces to provide increased braking forces. 

6 Claims, 6 Drawing Sheets 
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SINGLE ACTING 
TRANSLATIONALROTATIONAL BRAKE 

ORIGIN OF THE INVENTION 

The invention described herein was made by employees 
of the United States Government and may be used by and for 
the Government for governmental purposes without the 
payment of any royalties thereon or therefor. 

This is a continuation of application Ser. No. 08/064,324 
filed on May 12, 1993, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the Invention 
The present invention relates generally to a brake system 

and more particularly to a brake system that operates in both 
the translational and rotational directions by using a single 
actuator. 

2. Discussion of the Related Art 
Prior brake methods are complex using ball bushings held 

by tooth gears, rotating screw jacks, bearings, couplings, 
drive shafts, belts, and electrical motors with built-in brakes. 
These components develop backlash, deflect and loosen due 
to wear after hours of operation. 

Other methods use gear racks mounted on a longitudinal 
or straight track. Locking the gear racks requires an elec- 
trical motor and brake configuration, adding considerable 
weight to the overall system. 

Another prior method uses a cable system for positioning 
and holding the mechanism or support. This method is not 
satisfactory as the cable will stretch or slip at the pulleys. 
This method also requires a motor with a built-in brake. 

Another prior method incorporated a self-contained 
motor, hydraulic pump, hydraulic linear cylinder and elec- 
tro-hydraulic valves to apply a force to prevent translation. 
These units are heavy and are difficult to adapt to small 
confined spaces. There is also the possibility of fluid leakage 
after hours of operation due to seal wear. 

A disadvantage common to all prior methods is the 
requirement for one or more actuators, or cylinders, to 
provide braking forces for each degree of freedom. 

It is accordingly an object of the present invention to 
provide a simple braking system that can apply braking 
forces in both the translational and rotational direction. 

It is a further object of the present invention to provide a 
simple braking system that requires only one actuator to 
apply both translational and rotational braking forces. 

It is a further object of the present invention to provide 
braking forces close to the applied loads. 

It is another object of the present invention to provide ease 
of operation through control of the actuator. 

It is another object of the present invention to provide 
minimum cross-sectional area to reduce air flow blockage 
when used in a wind tunnel. 

Additional objects and advantages of the present inven- 
tion are apparent from the drawings and specification that 
follow. 

SUMMARY OF THE INVENTION 

This invention relates to a unique single action transla- 
tional/rotational brake for mechanisms or supports thal 
move in straight lines as well as rotationally at any poinl 
along that straight line. Such mechanisms are used in 
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positioning systems. One such system prevents translation 
and rotation of an airplane model in a wind tunnel where the 
model is tested for aerodynamic and centrifugal loads while 
the model is rotated about its center of gravity and while it 
is in a spin mode of operation. The model is required to be 
positioned and held at test conditions such as angle of attack 
before the start of the spin testing. The single acting brake 
engages a mechanical lock and creates a frictional force on 
the translational structure preventing translation while 
simultaneously creating a frictional torque that prevents 
rotation of the vertical support. This invention saves con- 
siderable time, space and equipment for the brake operation 
since the applied force from the actuator prevents rotation 
and the reaction force prevents translation of the mechanism 
or any other similar positioning system. Conical surfaces are 
used for the rotational braking surfaces and flat surfaces are 
used for the translational braking surfaces. Both surfaces are 
engaged by use of a single stroke of the actuator and may be 
serrated to resist large surface forces. This invention is easily 
expanded to hold more than the two degrees of freedom 
motion which is discussed herein by the use of the single 
acting actuator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view of the invention installed in 

FIG. 2 is a plan view of the invention; 
FIG. 3 is a side view of the center drive shaft portion of 

FIG. 4 is an elevational view of the invention; 
FIG. 5 is a cross-sectional view taken across V-V of 

FIG. 6 is a cross-sectional view taken across VI-VI of 

a wind tunnel; 

the invention; 

FIG. 4; and 

FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

One embodiment of the invention provides translational 
and rotational braking forces for an airplane model support 
system in a wind tunnel where the model is tested for 
aerodynamic and centrifugal loads during spin conditions. 
The system is mounted within a vertical spin wind tunnel 
such that the model is positioned in the center of the vertical 
upward air flow as shown in FIG. 1. This mount consists of 
a hinge connection at the tunnel structure that provides a 
rigid anchor for the system. The hinge connection also 
permits the system to be rotated to a stored position along 
the tunnel wall during free spin testing as shown in FIG. 2. 

A spin drive motor 12 is located behind the tunnel 
sidewall 14 near the hinged connection 16 and rotates with 
the boom 18 as it is moved into the center of the test section 
from the stored position. A gear box speed reducer 20 is also 
mounted on the pivoted structure. A flexible coupling 22 is 
used between the gear reducer output shaft 24 and the drive 
shaft 26. A shear pin (not shown) is also incorporated at this 
connection to prevent system damage in instances when 
large accelerations and decelerations may occur due to 
motor or speed reducer failures. Flexible couplings 28 are 
also used on the opposite end (FIG. 3) of the drive shaft 26 
to compensate for drive shaft deflection and misalignments. 
The vertical hollow center shaft 30 provides space for the 
electrical leads used for power supply, motor control, and for 
data acquisition from the test model mounted on the end of 
the sting 31. This rotating hollow center shaft 30 extends to 
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the slip ring assembly 32 at the top and to the horizontal arm 
34 locatcd beneath the support boom 18. Bearings 36 arc 
used to minimize rotational loads as the forces are taken out 
at the 90 degree gear assembly. Thc bevel gear asscmbly 38 
is housed in an oil bath to reduce frictional loads and 
wearing of the gear components. All parts below the gear 
and bearing assembly rotate about the tunnel center line. 

Thc horizontal arm assembly 34 (FIG. 4) incorporates 
many operations with a minimum amount of frontal flow 
blockage area. Major components of this assembly arc the 
translational drive frameless motor 40, torque multiplier 42, 
cablc drive with pulleys 44, counter weight 46, and the 
vertical arm support 48. The counter weight 46 and vertical 
arm subassemblies 50 consist of brakcs or clamps driven by 
linear actuators that apply Forces to the horizontal arm 34. 
Horizontal movement of the vertical arm 48 and counter 
weight 46 is by use of a single motor and cablc system. Since 
the cable 52 is attached to the near side of the vcrtical arm 
support 48 and to the far side of the counter weight 46, both 
subassemblies move inward simultaneously when the motor 
turns counter clockwise as viewed from the top. Both units 
move outward when the motor turns clockwise. This opera- 
tion maintains a balance of weight and moment about the 
vertical center line spin shaft. A frameless, compact motor 
40 is mounted on the counterweight end of the horizontal 
arm 34. The motor 40 has a torque multiplier 42 between thc 
motor 40 and the pulley 44 to increase the torque that is 
applied to the cable drive system. 

The complete translational/rotational brake is mounted on 
and moves with the vertical arm subassemblies 50 shown in 
FIGS. 5 and 6. The vertical arm subassemblies 50 translate 
on the horizontal arm 34 and are sclf-contained units. This 
translational movement is due to external forces such as 
gravity or centrifugal loads. The resistance to the planned 
movcment is minimized by using a bronze slide bearing 54 
that is located at the bottom surface while the top bearing 
plate 56 supports the top portion of the vertical arm 48. 
These bearings resist the moment created by the centrifugal 
force of the vertical arm 48. Thc motor 40 and torque 
multiplier 42 rotate the model support to any desired posi- 
tion by providing rotation between the bottom slide bearing 
54 and the roll shaft 85 at the bottom and between the top 
bcaring plate 56 and the roll shaft 54 at the top. 

When locked, the roll shaft 85 is prevented from rotating 
by the actuator applied force at the conical surfacc 60 
betwecn thc conical outer ring 86 and the roll shaft 85. The 
yoke 62 is forced downward by the electrical actuator 64. 
The conical outcr ring 86 is forced into contact with the 
conical portion of roll shaft 85 through thc yoke 62 and is 
allowed to center on the roll shaft 85. The reaction force 
results in an upward movement of the actuator support and 
guidc 66 until the brake arms 68 are forced inward due to the 
wedge surfaces 70 and 72. The upward movement of the 
actuator trunion support 79 and the brake guide 80 creaks an 
air gap 82. The actuator 64 is permitted to rotate on the 
trunion 79 as the pinned clevis 81 rotates at the yoke center 
of rotation 82. The conical outer ring 86 is raised at the 
conical surface 60 from thc conical portion 87 of thc roll 
shaft 85 by use of lifting pins 83. Thc holes in the yoke at 
this connection are elongated for slight horizontal movemcnt 
of the yoke during rotation around the yoke center of 
rotation 82. This rcaction forces the brake pads 74 into 
contact with horiLontal arm 34 thus eliminating the need for 
a second actuator to provide the friction force on the surface 
of horizontal arm 34 in FIG. 5. 

Another feature of this invcntion is the contact surface 
bctwcen the brake pads 74 and thc horizontal arm 34. This 

4 
surface is not smooth but contains many serrations or teeth 
that transmit the brake forcc by shear in thc serrations rathcr 
than by friction alone. For cases of high centrifugal forccs, 
the normal force between parts will not produce the rcquircd 
frictional force to prevent movement. The shear strcngth of 
the metal is required for these cases. 

Another feature of this invention is thc spring assembly 
76 shown in FIG. 5 that forces the surface 70 to stay in 
contact when the actuator 64 is not in the brake condition. 

10 This spring asscmbly 76 forces the brake arm 68 to rotate at 
the pins 78 to provide a gap scparating the serrations on thc 
horizontal arm 34 and the brake pads 74 to prevent damage 
during movement of the vertical arm 48 with respcct to the 
horizontal arm 34. 

Another fcature of this invention is the position of the 
brake guide 80 during the unload condition. When the brakc 
guide 80 is lowered to thc base plate 84, the yoke 62 lifts thc 
conical ring 86 from thc roll shaft 85. This feature allows 
free rotation at surface 60 that minimizes encrgy to rotate the 

Although our invention has been illustrated and described 
with refcrence to the preferred embodiment thereof, we wish 
to have it understood that it is in no way limited to the details 
of such embodiment, but is capable of numerous modifica- 
tions for many mechanisms, and is capablc of numerous 
modifications within the scope of the appended claims. 
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2o support whcn rotation is required. 
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We claim: 
1. A single action brake apparatus for simultaneously 

3o braking translational movement of a translatable housing 
and rotational movement of a rotatable shart secured to thc 
housing, the housing being mounted on and translatablc 
along a track, the rotatablc shaft having an axis of rotation 
perpendicular to the track, the brake apparatus comprising: 

at least one flat surface brake for braking the translational 
movement along the track of the translatablc housing; 

a cone friction brake for braking the rotational movemcnt 
of the rotatablc shaft; and 

mcans for applying a force to the cone friction brakc in a 
direction parallel to the axis of rotation of the rotatable 
shaft, the force causing the cone friction brakc to 
engage and creating a rcaction force that causes thc flat 
surface brake to engagc. 

2. The brake of claim 1 in which the flat surface and the 
45 actuator surfacc are serrated. 

3. A single action brakc apparatus as in claim 1 wherein 

a conical brake drum connected to the rotatable shaft; and 
a conical brake pad ring displacable along the axis of 

rotation of the rotatable shaft, the conical brake pad 
ring being displaced by thc force created by the mcans 
for applying the Porce to the cone friction brakc. 

4. A single action brake apparatus as in claim 1 wherein 

a brake guide connected to the means for applying a forcc 
to the cone friction brakc, thc brake guide bcing dis- 
placable along the axis of rotation of the rotatable shaft, 
and the brake guide having at least one wedge shaped 

a brake arm pivotally attached to the translatable housing 
at one end and the brake arm connected to the brake 
guide at the opposite end by having a wedge shape that 
matches the wedge shaped groove in the brakc guide so 
that when the brake guide is displaced along the axis of 
rotation of the rotatable shaft by thc reaction forcc 
created by thc means for applying the forcc to the cone 
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the cone friction brake cornpriscs: 

5o 

55 thc flat surface brake comprises: 

60 groove; 

65 



5,501,303 
5 6 

friction brake, the wedge shaped groove of the brake 
guide moves against the wedged end of the brake arm 
causing the brake arm to pivot; and 

a brake pad connected to the brake arm that engages the 
track when the brake arm pivots. 5 comprises: 

5. A single action brake apparatus as in claim 4 wherein 
the means for applying the force to the cone friction brake 
comprises: 

a linear actuator connected to the brake guide so that the 

the brake guide and causes the flat surface brake to 
engage. 

6.  A single action brake apparatus as in claim 1 wherein 
the means for applying the force, to the cone friction brake 

a linear actuator connected to the flat surface brake so that 
the reaction force caused by the linear actuator causes 
the flat surface brake to engage. 

reaction force caused by the linear actuator displaces * * * * *  


