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TEST UNIT FREE-FLIGHT SUSPENSION SYSTEM
Wilmer H. Reed III, Hampton, Va., assignor to the

United States of America as represented by the Admin-

istrator of the National Aeronautics and Space Ad-

ministration

Filed Sept. 16, 1963, Ser. No. 309,354
20 Claims., (CL 73—147)

The invention described herein may be manufactured
and used by or for the Government of the Unifed States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to a free-flight suspension system,
and more particularly to a free-flight suspension system
wherein the test model has up to six degrees of freedom
of rigid-body motion.

Wind tunnel investigations of the dynamic character-
istics of aircraft and/or spacecraft frequently require that
the model under study be flown in the test section of the
wind tunnel. Proper simulation of the free-flight motions
involving pitch, vaw and roll rotations as well as hori-
zontal and vertical translations may be mandatory in such
wind tunnel tests as flutter, gust response, or dynamic
stability of complete configurations. Previcus attempts
to simulate free-flight conditions in a wind tunrel have
met with varying degrees of success; however, until the
present invention the apparatus for free-flight simulation
has involved complicated structure limited in amplitude
motion and to few degrees of freedom of motion.

One method utilized for simulating free-flight is that
of attaching a model to the end of a tow line. Although
such an arrangement is to a degree successful, it has many
disadvantages one of which is the requirement of com-
plicated fast-response autopilot structure to control the
model. The model in the test section often gets out of
control when attached to a tow line, the consequences
being that the model will smash into the walls of the test
seciion causing costly damage. Models are expensive to
construct and are normally limited in quantity. The re-
pair of a model is costly and results in loss of man
hours and delay in experimenting. Another simulation
technique is to mount the model so that it is free to verti-
cally transtate along a rod. In this system angular free-
doms in pitch, paw, and roll are permitted to a very
limited extent. It tends to be cumbersome and is suitable
only for low speed tests. At transonic speeds and above,
shock waves generated by the rod support as well as de-
flections of the rod under high drag loads make the sys-
tem unsatisfactory. A vertical wire which is connected
at either end to the model and engaged with pulleys
located outside the tunnel to form a continuous loop has
also been used to provide free-flight simulation. Tests in
the transonic dynmamic tunnel using this apparatus has
shown that serious lateral instability develops due fo the
mount restraints. An arrangement whereby four flexible
rods pass vertically through the fuselage of the model near
its center of gravity, the rod ends being attached to blocks
which slide on a vertical rod supported by the tunnel
walls, has also been utilized. This type of suspension
is satisfactory only for low speed tests. A model has
been gimbaled to a fast response servo-control carriage
designed to sense and foliow translation motions of the
model. This arrangement is undesirable due to its com-
plexity and the involved automatic control systems neces-
sary to make the models fiyable. Also, this arrangement
introduces excessive aerodynamic interference at tram-
sonic speeds.

The instant invention overcomes the variocus difficulties
inherent in the prior art arrangements. By mounting
pulleys in the model according to principles of the inven-
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tion and suspending the model on wires and cables, as
well as placing a spring on at least one of the wires or
cables, a free-flight suspension system is provided which
is extremely simple in construction, does not cause exces-
sive aerodynamic interference, and does not
compleX automatic control system.

It is, therefore, an object of this invention to
free-flight suspension system which utilizes a h
number of component parts which are economical to con-
struct and assemble.

A further cbject of this inventicr

rovide a

vide a free-

is to pro

N

free-flight suspensicn system which will restrain the me
such that collision with the test section is virtually im-
possible.

Another object of this invention is to provide a free-
flight suspension system whe rniq th° model is placed 1
sufficient tension to stabilize the svstem; however,
restraint is small encugh as 10 keep the natural frequencie
of the mount well below the rigid body frequencies
model in free-flight.

Still another object of this invention is to pros
free flight CUSUG“lSlOH system hwu a i

Yet another object of this invention is o K;z\mmc a

o

Yet mmher object cf Uns m\/emlon is 10 provide
flight suspension system which permiis tests at ¢
and supersenic velocities

At
flight suspension sysfcm su f‘p]y;nv a <£w
tially independent of motions of the mode
ity forces may be scaled.

Yet another object of this invention is
free-flight suspension system which allows
of large amplitude motion.

A further object of this invention is to provide a free-
flight suspension system which is readily adaptable
broad range of model configurations.

Another object of this invention is to provid
flight suspension system with which maneuver
and/or dynamic stabﬂity derivatives on complete aero-
elastic models can be measured in a wind tunnel.

These and other ob}ccts and advantages of the inven-
tion will become more apparent upon reading the specifi-
cation in comunchon with the accompanying drawi :

FIG. 1 is a perspective view of a segmented test sect
showing a test model mounted therein by the s
system forming this invention;

FIG. 2 is a side elevational view of a test model, par-
tially cut away, to show the details of a portion of modi-

ed form of suspension system;

FIG. 3 is a plan view of the test model shown in FIG
2, partially cut away to reveal components of the suspen-
sion system' and

FIG. 4 is a perspective view, paltmly cut away, show-
ing a modified form of the suspension system.

Basically, this invention relates to a system for
ing a model in a wind tunnel test section to sim
flight of the model. The system includes an &

whereby pulleys are mounted in the test model.
pulleys are arranged such that a cable is entrained over
certain of the pulleys and fixed to the top and bottom
of the test section. Another cable is entrained over
certain of the other pulleys connected to the respective
sidewalls of the test section. Means for tensioning a
spring in at least one of the cables and in certain instances
both of the cables is provided to stabilize the systen:.
The model has conventional control surfaces which are
operated remotely. Remote control is provided for by

a flexible electrical conduit connected to the model and
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by a sting of conventional design located in the

more specifically to the details of the
. 1 shows the free-flight suspension system,
generally by the reference numeral 10, mount-
test section 12. The test section 12 is of con-
ventional design and of the type which might be associated
wdh the various tyws of wind tunnels. Its configuration
Ly that of a parallelepiped having a top and
3 and 14 respectively and sides 15 and 16.
is of the test section are open to allow air flow
igh the section. The arrow indicates the direction
v through the test section.
\«d to the top of the test section is anchor member
An anchor member 19 is located outside of and below
the test tion. These anchors are normally centered
- 1o the test section and located well forward
¢ model, usually, at least a test section width
f the model. The purpose for the anchors
vvnl be explmned more fully heremafter A

-
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}‘Lu

“rrﬁhy being spaced equal drstance between the
ities of the sides. The purpose for these
also be explained more fully subsequently.
of conventional design is located in the test
rad is supported by fixed structure (not shown)
r. The sting 25 is utilized to support
1 :‘mﬂ conduit 26 which includes wiring for
atrolling the model and conveying test results,
2§ bexm co*mected thh the test model.

e numeral 39. This model is a supprsomc
aircraft; however, it is to be understood that within
the modest aspect of the invention the test model may be
any type of aivcraft and/or spacecraft or missile.
The test model 39 has a body or fuselage 31 which is
sersonic design. The fuselage is cut away to reveal
pper vertical pulley 32 and lower vertical pulley 33.
e pu?ie/s are mounted on axles or spindles of con-
ventional design supported by the model structure in a
arnner. Bearings of the ball or roller type
may be utilized with the pulley arrangements to reduce
ion and provide easy turning of the pulleys. The
wnd bearing combination is designed to reduce
stween the cables and model to allow simulation
- movement. The pulleys are mounted such
Hx at 1 mb oul»z@ diameters thereof are flush with the outer
extremities of the body 31. The purpose of this is to
reduce acrodynamic interference, particularly during tran-
sonic and supersonic test runs. This vertical pulley pair
is mounted forward of the center of gravity of the test
model and generally in the same plane as the vertical
stabilizhg surface of the model.
A rorizontal pulley pair is mounted in the test model
) sentially the center of gravity of the model.
ir includes a left horizontal pulley 34 and a right
I pu lky Bearing structure and spindles are
he _guﬂeys in a manner similar to the ver-
rrangement. The horizontal pulleys are also
ish with the extremities of the fuselage to
namic interference. Athough pulleys are
a means of accomplishing the invention, other
arr a“benents as may be apparent to one skilled
onsidered to be within the scope of the

@

38 which contams control surfaces of known
dcsiga such as ailerons. Also attached to the fuselage
of the plane are horizontal control surfaces 39 and a
vertical control surface 40. Each of the control surfaces
may be provided with reversable electrical motors which
are wired through the flexible electrical conduit 26. Com-
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mand signals for the control surfaces may be given from
a console (not shown) located outside of the test section.

A flexible wire 43 is tied to the anchor 18, entrained
over the upper vertical pulley 32 and the lower vertical
pulley 33. The wire continues on over sheave 36 and is
connected to spring 44 both of which are located outside
the test section area. The spring 44 is in turn connected
to the anchor 19. In certain instances the spring 44
is omitted and the wire 43 connected directly to the
anchor 19. If it is desirable to have the model free to
translate longitudinally, the spring 44 is inserted in the
wire 43 to provide for this freedom.

A flexible cable 47 is fixed to the hook and eye 20,
and entrailed over right horizontal pulley 35 and left
horizontal pulley 34. These pulleys are located on or
behind the center of gravity G of the model. The cable
47 continues toward the aft portion of the test section
19 and engages the sheaves 17 and a sheave 51 carried by
support structure outside the test section 10. The cable
47 terminates with a connection to a tension indicator
gage 48. The gage 48 is joined to a soft spring 49 which
is in turn connected to an actuator 50. The meaning of
soft spring is that for a given incremental change in the
length of the spring the tension in the cable and therefore
the system is changed very little. The actuator 50 is
fixed to wind tunnel support structure. The actuator 50
may be of the pneumatic, hydraulic or mechanical type
and is utilized to load the spring 49 and thereby place
the cable 47 under tension. The tension indicator gage
48 gives a reading as to the load placed on the spring
by the actuator 50.

A modified form of the invention is shown in FIGS.
2 and 3 and is designated generally by the reference
numeral 58. In this suspension arrangement, the verti-
cal pulley pair is placed on or behind the center of grav-
ity G of the test model and the horizontal pulley pair
forward in the test model. The test model has a fuse-
lage 59, wings 64, vertical stabilizing surfaces 65 and
horizontal stabilizing surfaces 66. The fuselage 59 is
partially cut away to show the pulley pairs, the vertical
pulley pair including an upper pulley 60 and a lower
pulley 61. The horizontal pulley pair includes a left pul-
ley 62 and a right pulley 63. The pulleys are journaled
in a2 manner similar to those in the suspension system 10.
The pulley pairs are mounted flush with the fuselage of
the test model to reduce aerodynamic interference. A
flexible wire 68 is associated with the horizontal pulley
pairs 62 and 63 and would be connected to the sides of
the test section (not shown). A flexible cable 67 is as-
sociated with the vertical pulley pair 60 and 61 and
would be connected to the top and bottom of the test
section. In this arrangement, the tensioning means would
be connected to the flexible cable 67 or if longitudinal
translation of the model were desired, soft spring would
also be connected in the flexible wire 68.

Anpother embodiment of the invention is shown in
FIG. 4 and designated generally by the reference numeral
78. In this arrangement, the fuselage 71 of the test
model is cut away to reveal a single, vertical pulley 73
and a horizontal pulley 72. These pulleys are journaled
on bearings and a spindle supported in the test model
structure. This embodiment of the invention illustrates
that one or more pulley pairs, as well as additional pul-
leys or other antifriction devices, may be utilized and
are considered within the scope of the imvention. The
test model has wings 74, horizontal stabilizing surfaces
75 and a vertical stabilizer 76. A flexible cable 78 is en-
trained over the vertical pulley 73 which is located on
or behind the center of gravity of the test model. As in
the previous embodiments, the cable associated with the
vertical pulley arrangement is connected to the top and
bottom of the test section, the flexible wire 77 engaging
the horizontal pulley 72 being connected to the sides of
the test section and forward of the center of gravity G
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of the test model. Mechanism for tensioning the wire
and cable may be utilized as in the previous embodiments.

Operation

When a wind tunnel test is to be made of a test model,
the model is suspended in the test chamber similar to the
manner shown in FIG. 1. The particular manner of
fixing the wire and cable to the test section may be re-
versed depending upon whether or not the vertical pul-
ley pair or single pulley is at the forward or rearward
Jocation on the test model, the horizontal pulley mech-
anism being oppositely disposed.

The frequency and stability characteristics of the sys-
tem are governed primarily by the amount of tension
on the cable 47 in the system 16 and the distance between
the front and the rear of the pulley pairs. The amount
of tension applied or desired for the particular test run
is readily indicated by the gage 48. Thus, it is a simple
matter to energize the actuator 5@ which will load spring
49 to the degree necessary as shown on the gage 48.
Obviously, the desired tension depends on the model con-
figurations under test; however, in general, the tension
should be high enough to stabilize the system, but low
enough to keep the natural frequencies of the mount well
below the rigid body frequencies of the model in free-
flight. If used, spring 44 in the front wire 43 functions
primarily for the purpose of allowing a longitudinal
translation of the test model. It is to be understood,
however, that the mechanism for placing the suspension
system under tension may be associated with the front
wire as well as with the rear cable.

The electrical conduit 26 is connected to the test model,
the various wires contained therein being joined to the
mechanism being vtilized to operate and control surfaces
and convey test results. The conduit 26 is otherwise con-
nected to a control box or console outside the test section.

In operation, the airstream passes through the test sec-
tion 12 in the direction of the arrow as indicated in FIG.
1. As the airstream flows through the wind tunnel, the
various controls may be manipulated to simulate free-
flight conditions. In the pitching and vertical transla-
tion movements, the test model moves about the verti-
cal pulley pair, pulleys 32 and 33, as shown in FIG. 1.
In the yawing and lateral translation movements, the
model moves above the horizontal pulley pairs 34 and
35 as shown in FIG. 1. In the movement of roll the
pulley pairs may move only slightly., This movement is
made possible by the flexibility in the wire and cable
which allows the test model to operate somewhat as a
pendulum. If longitudinal translation is to take place,
the spring 44 is tied in with the wire 43, and takes up
any slack in the wire as the test model moves forward
as does the rear spring 49 when the model moves aft.

The suspension arrangement allows the test model to
have a large amplitude of motion. It should also be
pointed out that if it appears the model is out of con-
trol and will possibly collide with the walls of the test
section, the actuator 50 can be utilized to increase the
tension on the cable 47 and thereby right the test model
avoiding expensive damage. Also, should it be neces-
sary in order to scale gravity forces, the front cable ends
can be oriented at unequal angles relative to the center
line of the test section so as to produce an approximately
constant vertical force on the model. Obviously, the
model can be provided with various test probes the in-
formation from which can be carried out through the
electrical conduit 26.

From the above description, it can be seen that free-
flight suspension system herein disclosed will allow simu-
lated flights up to six degrees of freedom of rigid-body
motion. The system can be constructed from readily
available items as cables, pulleys, etc. A single operator
can fly the model by means of pitch and roll trim con-
trols. The system has negligible inertia, the effect of
mass of the supporting cables in general being small com-
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pared with the mass of the model. The small aerody-
namic interference caused by the cables and pulleys per-
mits use of the system at transonic and supersomic fest
velocities. The suspension system has performed suc-
cessfully over a broad range of test conditions and with
various model configurations. Test experience has been
obtained at Mach numbers up to 1.2 and at dynamic pres-
sures of up to 300 pounds per square foot. The fre-
quency and stability of the test model can be controlled
by the tension apparatus. Simulation of steady maneuver
accelerations and/or Froud number may be obtained by
the combined effects of the cable wire geometry and ap-
plied tension. Aerodynamic stability derivatives can be
deduced from response of the model to external force in-
puts. Obviously, the system is economical to construct
and with its few component parts is also economical to
maintain.

What is claimed as new and desired to be secured
Letters Patent of the United States is:

1. A free-flight suspension system comprising: a wind
tunnel test section or the like; a model to be suspended in
said test section; first pulley means carried by said model;
second pulley means carried by said model; first cable
means associated with one of said pulley means and being
attached to the top and bottom of said test section; second
cable means associated with the other of said pulley
means and being attached to the respective sides of said
test section means; and control means for flying said
model to simulate flight conditions.

2. A free-flight suspension system as in claim 1 wherein
one of said cable means includes tensioning means at-
tached thereto for stabilizing said system.

3. A free-flight suspension system as in claim 1 where-
in said cables are attached to the test section at least one
test section width forward and aft of the model.

4. A free-fiight suspension system as in claim 4 where-
in said cables are oriented at unequal angles relative to
the center of the test section.

5. A free-flight suspension system comprising: a wind
tunnel test section or the like; a model to be supported in
said test section; first antifriction means carried by said
model; a wire engaged with said antifriction means and
connected to said test section; second antifriction means
carried by said model; and a cable engaged with said sec-
ond antifriction means and connected to said test section
said wire, cable and antifriction means being so con-
structed and arranged as to allow at least five degrees
freedom of movement of sid model.

6. A free-flight suspension system as in claim § wherein
tension means is associated respectively with said wire and
said cable to provide at least six degrees freedom of mo-
tion of said model.

7. A free-flight suspension system as in claim 5 where-
in said first and second antifriction means is pulley struc-
ture.

8. A free-flight suspension system as in claim & wherein
said first antifriction means and the wire associated there-
with are at an angle substantially normal to the second
antifriction means and the cable associated therewith.

9. A free-flight suspension system as in claim 5 where-
in said cable means has tensioning means attached there-
to; and means for varying the tensiocn of the tensioning
means to stabilize the system.

10. A free-flight suspension system as in claim § where-
in said first and second antifriction means are pulley pairs,
said pulley pairs being mounted at an angle substantially
normal to each other.

11. A free-flight suspension system comprising: a wind
tunnel test section or the like; a model to be suspended
in said test section; said model having a first pair of
pulleys positioned forward of the center of gravity of said
model; a wire fixed to the top and bottom of said test sec-
tion forward of said model and being entrained over said
pair of pulleys; said model having a second pair of pulleys
located substantially on or behind the center of gravily
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of said model; a cable fixed to the respective sides of said
test section aft of said model and entrained over said sec-
ond pair of pulleys; and tensioning means attached to said
cable to provide stability for said system.

12. A free-flight suspension system as in claim 11
wherein said tensioning means includes a spring; and
actuator means connected to said spring to load said
spring.

13. A free-flight suspension system as in claim 11
wherein tension means is connected to said wire.

14. A free-flight suspension system as in claim 11
wherein said first pulley pair is mounted in substantially
a vertical plane in said model, said second pulley pair be-
ing mounted in substantially a horizontal plane in said
model; and the extremities of said pulley pairs 'being flush
with the outer surface of said model.

15. A free-flight suspension system as in claim 11
wherein said first pulley pair is mounted in substantially
a vertical plane in said model; said second pulley pair
being mounted in a substantially horizontal plane in said
model; and tension means including a spring; and actu-
ator means connected to said spring to load said spring.

16. A free-flight suspension system comprising: a wind
tunnel test chamber or the like; a test model to be sup-
ported in said test chamber and having horizontal and
vertical stabilizing surfaces; pulley means mounted in
said test model in a plane substantially paralle] to said
horizontal stabilizing surface; pulley means mounted in
said model and being aligned with said vertical stabiliz-
ing surface; and suspension means associated with said
puiley means and connected to said test chamber to
allow at least five degrees freedom of movement of said
test model.
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17. A free-flight suspension system as in claim 16
wherein said pulley means in each instance is @ single
pulley.

18. A free-flight suspension system as in claim 16
wherein said pulley means in each instance is at least
a pair of spaced pulleys.

19. A free-flight suspension system comprising: a wind
tunnel test section or the like; a model to be suspended
in said test section; said model having a first pair of
pulleys positioned forward of the center of gravity of
said model; a wire fixed to the respective sides of said
test section forward of said model and being entrained
over said pair of pulleys; said model having a second
pair of pulleys located at substantially the center of grav-
ity of said model; a cable fixed to the top and bottom of
said test section aft of said model and entrained over
said second pair of pulleys; and tensioning means at-
tached to said cable to provide stability for said systems.

28. A free-flight suspension system as in claim 19
wherein said first pulley pair is mounted in substantially
a horizontal plane in said model, said second pulley pair
being mounted in substantially a vertical plane in said
model; and the extremities of said pulley pairs being
flush with the outer surface of said model.
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