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METHOD AND APPARATUS FOR MINIMIZING THE TRANSMISSION OF ACOUSTIC VIBRATIONS TO A PAYLOAD

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to the field of vibration 1solation and more
particularly to vibration isolation of a payload of a missile during launch. Yet more
particularly, the present invention relates to the reduction of vibrations caused by acoustic
waves transmitted to a payload during passage through earth atmosphere and particularly
passing through the sound barrier, or those reflected back from the 1nitial ignition of the rocket
engines on the ground
2. Description of the Prior Art
A number of vibration isolation devices have been proposed for use 1n reducing
vibration transmitted from a launch vehicle to the payload during launch. One very successful
device of this type may be found in apatent' 5,947,240 assigned to the assignee of the present

invention.

Such devices have concentrated on the reduction of mechanical vibration

~which is transmitted from the launch vehicle being propelled through the atmosphere by the

rocket engines. Little or no effort has been exerted to reduce the vibration which occurs due
the speed of the vehicle through the atmosphere particularly around the speed of sound where
very large shock waves are produced. These éhock waves cause the shroud around the
payload to vibrate with considerable force and these vibrations are transmitted through the air
in the shroud to the payload. It has been estimated that at the peak, the acoustic vibration
produces about one half of the total vibration 'zip’plié‘d"tb the payload and accordingly, a need
has arisen for acoustic vibration isolators.

BRIEF DESCRIPTION OF THE INVENTION

The present invention overcomes the problem of acoustic vibration by causing

an evacuation of the air surrounding the payload before or during launch so that when the

vibrations from travelling through the atmosphere and the shock waves produced by the sound
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barrier occur, the medium for transmitting them to the payload is gone or reduced and the

payload does not receive them.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of one embodiment of the present

invention;

Figure 2 is a schematic representation of a second embodiment of the present

invention; and,

Figure 3 is a schematic representation of a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A rocket carrying a payload such as a satellite is usually constructed with a vibration isolator

" mounted between the rocket booster or launch vehicle and the payload to isolate and minimize

any vibration which may be transmitted between the ,bobster and the payload. Isolators such
as that shown by the above mentioned patent 5,947,240 have proven very successful in
accomplishing this task. The vibration isolator has little effect, however, on vibration which
is transmitted by virtue of acoustic coupling betwééﬁ the rocket housing and payload due to
the rapid speed of transit of the booster and payload through the atmosphere or those reflected
back from the initial ignition of the rocket enginés on the ground

To protect the payload during launch, an outer casing or shroud 1s usuaily placed about
the payload so that it will not be exposed to the rush of air occurring as the booster travels
through the atmosphere While the shroud i 1S usually sealed to the booster, it will normally
have a plurality of holes so that as the atmosphere becomes more and more rarefied, the
internal pressure in the shroud will not build up to an explosive force.

As the booster and payload continue to accelerate and rise, the buffeting due to the
rapid passage makes the shroud vibrate and this- vibration is transferred to the payload through
the air in the shroud. The buffeting reaches a peak at or near the speed of sound where
sizable shock wave occur that could severely damaéé the payload. To reduce the risk, the
shroud is usually constructed of a heavy material that will resist bending and flexing from the

buffeting and shock wave. This is, of course, undesirable since the weight of the shroud also
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increases with the strength of the material thus causing the rocket to have to lift greater weight
in order to leave the atmosphere.

" Once the booster and palead have passed through the sound barrier and have
substantially left the atmosphere, the need for the shroud disappears and it 1s usually discarded
at this time. The explosive force used to separate the parts of the shroud to discard them can
also provide a shock to the payload if there is air present. After this, little or no acoustic
buffeting occurs because there is little atmosphere around the payload.

The present invention removes the acoustic vibration by removing the air in the shroud
so that it cannot transmit the vibrations. This may be done on the ground before the rocket
leaves the launch pad or may be done on the way up. There are advantages and disadvantages
to both ways. When the shroud 1s evacuated before leaving the launch pad, the pump and the
piping may be left behind which reduces the we;i ghtbut the material of the shroud must be
strong enough to resist the atmospheric pressure acting on the outside of the shroud. If the
shroud is evacuated on the way up, the pressuré can be reduced gradually so buffeting on the
way up is reduced and the atmospheric pressure from the outside is minimized. When the
booster reaches the velocity of sound, the pressure on the inside of the shroud will be quite
small thus minimizing the shock, but either the weight of the evacuating mechanism must be
carried along or some other way of evacuating the shroud must be used.

The present invention also proposes an alternate way of evacuating the shroud
gradually on the way up without carrying a pump. More particularly, using the venturi tube
principle, the shroud may be evacuated by paésing exhaust gas or air across the open end of
the venturi tube, either by placing it in the path of the atméspheric alr passing by the booster,
or by exposing the open end of the venturi tube to the rush of air out of the rocket exhaust. In
either event, the reduction of pressure at the 'o't'héi"end of the venturi tube causes the inside the
shroud to be more and more evacuated as the rocket rises.

In order to prevent the pressure inside of the shroud from becoming too small during
the booster rise, a small pressure differential valve, or burp valve, may be placed in the ventur:

tube to keep the pressure in the shroud a certain predetermined value less than the atmospheric

pressure.
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Some of the various embodiments of the present invention are described 1n connection

with the Figures in which Figure 1 shows a rocket launch vehicle or booster 10, as 1t might
appear prior to actual launch. A payload 12, which may be a satellite, 1s shown mounted on
the booster 10 by a vibration 1solator 14 which may be like the isolator described in the above
mentioned patent 5,947,240. In the Figures, an outer casing or shroud 20 is shown mounted to
the top of booster 10 in a sealed fashion so as to encapsulate and seal the payload 12 1n the
space 22 formed by the shroud 12. Shroud 20 is normally made in two or three clamshell like

parts to facilitated removal from the booster 10 after the booster and payload 12 are in space.

In Figure I, a pump 24 is shown connected to a pipe 26 which leads to the inside of the
shroud 20. When activated, pump 24 evacuates the space inside shroud 20. When evacuation
is performed prior to launch, the pipe 26 may then be sealed and the pump 24 discarded. If it
is desired to evacuate space 22 slowly during ]auneh, pump 24 may remain attached to the
booster 20 and move with it upwardly throﬁgh the atmosphere. As the booster 10 and payload
12 rise, pump 24 would then keep reducing the pressure inside the shroud 20, little by little, so
as to keep the space 22 at a predetermined value with respect to the atmospheric pressure
outside the shroud 20. This allows the material of the shroud to be lighter than 1t would
otherwise have to be. Air would be continually removed so that space 22 would become a
vacuum just before the speed of the booster 10 reached the sound barrier thus preventing the
shock waves from affecting the payload 12.

Figure 2 shows an alternate embodiment wherein the elements common to Figure 1
continue to have the same reference numerals. In Figure 2, the evacuation of the space 22 1n
shroud 20 is caused while the booster and 'paylo‘ad afe rising through the atmosphere after
launch and without pump 24. Instead of uéing a bufnp, a venturl tube 30 1s shown having an
open end 32 exposed to the exhaust 34 and the other end of the venturi tube is attached to pipe
26. As the rocket rises, the rush of exhaust gases past the open end 32 of venturi tube 30
causes the pipe 26 to remove air from the space 22 and provide a complete vacuum at about a
time just before the booster 10 and pay]oad 12 reach the sound barrier. To better control the
rate of evacuation, more than one venturi tube may be used. For example, venturi tube 30a

with open end 32a exposed to the exhaust gases 34 may be connected through a pipe 26a to
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the space 22 inside of shroud 20 thus increasing the rate of evacuation. Other venturi tubes

(not shown) may be used, 1f needed.

To control the vacuum in space 22 with respect to the outside atmosphere a differential
valve, or burp valve 36, may be connected between one of the pipes 26 and 26a and the inside
of shroud 20 so that whenever the differential pressure between space 22 and the outside
atmosphere exceeds a predetermined value, valve 36 will operate to adjust the differential
pressure to the desired value.

Figure 3 shows yet a further embodiment of the present invention where the pipes 26
and 26a of Figure 2 have been removed and the shroud is built to contain one or more venturl
tubes 40 and 40a having open ends 42 and 42a, for example, extending to the outside
atmosphere to be exposed to the air rushing by as the launch vehicle or booster 20 passes
through the air. Again, the venturi tubes '40 and 40a withdraw air from space 22 gradually as
the rocket rises faster and faster through the atmosphere so that the inside of shroud 20
becomes evacuated before the rocket reaches the speed of sound. Again, if desired, a
differential valve 46 may be used to assurf: that the differential pressure between space 22 and
the outside atmosphere does not exceed a prédeterrriined value.

It is thus seen that I have provided a new and Lirifque way of protecting the payload of a
rocket from acoustic vibrations occurring during launch. Many changes and substitutions will
occur to those having ordinary skill in the art and I do not which to be restricted to the specific
disclosures used in connection with the description of the preferred embodiments. For
example, while a single stage has been used for purposes of the present description, it 1s
realized that many rockets utilize mﬁlfiplé, stageS.' The arrangement of the components of the

present invention and their attachment to the rocket may need to be modified for use with

multiple stages.
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6

CLAIMS

1. Acoustic vibration isolation apparatus for minimizing the transmission of acoustic

vibrations to a payload comprising:
a shroud surrounding the payload; and
evacuation apparatus connected to the shroud to evacuate the shroud and the

space around the payload

2. The acoustic vibration isolation apparatus of claim 1 wherein the shroud is a sealed

container that is removed when the acoustic vibrations cease.
3. The acoustic vibration isolation apparatus of claim 2 wherein the payload is

connected to a vehicle which experiences acoustic buffeting from reflected acoustic energy on

the launch pad or when moving through the atmosphere..

4. The acoustic vibration isolation appai*attl's of claim 3 wherein the vehicle is a launch
vehicle for delivering the pzlyl()ad to space.

5. The acoustic vibration isolation apparatus of claim 4 wherein the vehicle

experiences speeds in excess of the speed of sound and at least part of the acoustic buffeting is

due to the shock wave occurring when passing through‘ the sound barrier.

6. The acoustic vibration isolation apparatus of claim 4 wherein the evacuation

apparatus comprises a pump which is removed after evacuation of the shroud and before the

launch of the launch vehicle.

7. The acoustic vibration isolation apparatus of claim 4 wherein the evacuation

apparatus comprises a pump which evacuates the shroud after launch while the launch vehicle

delivers the payload to outer space.

8. The acoustic vibration isolation abpafatus of claim 4 wherein the launch vehicle
includes thrusters producing moving gasés and the evacuation apparatus comprises a venturl
tube having an end exposed to the moving gases.

9. The acoustic vibration isolation apparatus of claim 4 wherein the evacuation
apparatus comprises a venturl tube extendin g through the shroud into the atmosphere around

the shroud as it rises during launch.

10. The acoustic vibration isolation éppafatus of claim 4 further including a differential

pressure valve connected to the evacuation apparatus and the interior of the shroud to assure
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that the pressure in the shroud does not vary more than a predetermined amount with respect

to the atmosphere surrounding the shroud.

1. The method of preventing acoustic vibrations from damaging a payload
comprising the steps of:
A. connecting a shroud around the payload; and

B. evacuating the interior of the shroud around the payload so that acoustic

vibrations are not able to be transmitted to the payload.

12. The method of claim 11 wherein the payload is connected to a launch vehicle for

transmission into space beyond earth atmosphere and step B is performed prior to launch and

including the step of:
C. discarding the evacuation apparatus prior to launch.

13. The method of claim 11 wherein the payload is connected to a launch vehicle for
transmission into space beyond earth atmOSphcre and step B is performed during launch.

14. The method of claim 11 wherein the payload is connected to a launch vehicle for
transmission into space beyond earth atmosphere and step B is performed during launch and
before reaching the souﬁd barrier.

15 The method of pl‘evehti'h'g vibrations from damaging a payload which is connected
to a launch vehicle producing an exhaust for transmission through the earth atmosphere at

speeds exceeding that which causes shock waves from passing the sound barrier comprising

the steps of:

A. placing a vibration isolator between the payload and the launch vehicle to
suppress mechanical vibration transm-itted from the launch vehicle to the payload;

B. placirig a seale’d'sh'roud érou'ncji"t:ilé 'pa:y'lohd, and

C. removing the gﬁsses in:'th:e: 'shrodd' Laf‘oﬁnd the payload to provide a vacuum
at least prior the passing the sound barrier to suppress acoustic vibration from Buffeting as the
launch vehicle passes through earth atmOSphefé and to suppress the acoustic vibration due the
to shock wave of passing the sound barrier..

16. The method of claim 15 wherein step B comprises:

B1. attaching an evacuating pump to the shroud prior to launch.

17. . The method of claim 15 wherein step Bsébmprises:
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B1. attaching an evacuating pump to the shroud to withdraw the gases during

launch.
18. . The method of claim 15 wherein step B comprises:

B1. attaching a venturi tube to the launch vehicle through the shroud
and into the exhaust of the launch vehicle so that the gasses in the shroud are removed during

the launch and prior to passing the sound barrier
19. The method of claim 15 wherein step B comprises:

B1. attaching a venturi tube through the shroud into the rush of
atmosphere passing the launch vehicle during launch so that the gasses in the shroud are
withdrawn during the passage of the launch vehicle through earth atmosphere and prior to
passing the sound barrier.

20. The method of claim 15 further inclu’ding the step of connecting a differential
pressure valve between the interior of the shroud and the atmosphere around the shroud to

keep the differential therebetween from exceeding a predetermined value.
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