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Attorney Docket No. 80018

PISTON DECELERATION SYSTEM

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of America
for governmental purposes without the payment oI any royalties

thereon or therefor.

BACKGROUND OF THE INVENTION

(

[

) Field of the Invention

This invention generally relates to a device for enablinc
& quiet ejection of launched items from a launch tube. More
particularly, the invention relates to piston deceleration

system utilizing an arrangement and shape of bumpers and a

modified piston shafr:.

(2) Description of the Prior Art

The current art for submarine launch systems for three
inch devices was déveloped in the early 1960;3. The launch
Systems utilize a basic design as shown and described in

connection with FIGS. 1A-1C, hereinbelow. Because these
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systems create a cavitation or water hammer during launch,
they are incapable of conducting a quiet launch.

Thus, a problem exists in the art whereby it is necessary
to remove the cavitation or water hammer effect in order to
produce a quiet launch.

The following patents, for example, disclose various
types of piston control, but do not disclose an arrangement
and shape of pistens or shaft as does the present invention
which permits a quiet launch.

U.S. Patent No. 4,561,248 to Quin et al.:
U.S. Patent No. 4,609,135 to Elliesen;

U.S. Patent No. 5,224,413 to Herner; and
U.S. Patent No. 5,850,776 to Takeuchi =t al.

Specifically, Quin et al. disclose a hydrauiic shock-
absorbing jack particularly for use underwater which includes
a cylinder in which a piston associated with an actuated rod
is slidable. The piston defines within the cylindef a first
actuating chamber provided with a first inleﬁ fcr actuating
ligquid and connected to an accumulator of elastically wvariable
volume, and a second actuating chamber provided with a second
inlet for actuating liquid. The rod is mounted to be slidable
relative to the piston such that, in the event of a shock
applied to the rod which would otherwise cause an increase in

the volume of the second chamber, the rod alone mcves relative
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to the piston without affecting the volume of the second
chamber. The rod is provided with an enlarged head located in
the first chamber and preventing its disengagement from the
piston.

The patent to Elliesen discloses a sound-dampened driving
apparatus for fasteners wherein a main valve means is arranged
above a working cylinder of the apparatus and movable within a
cylindrical bore. When the main valve means is in its lower
at rest position, the main valve means separates the working
cylinder from a source of compressed air and connects the
cylinder to the atmosphere. When the main valve means is in
its upper actuating position, the working cylinder is
connected to the source of compressed air and the valve means
blocks the cylinder connection to the atmosphere. The space
above the main valve member within the cylindrical bore is
capable of being alternately connected to either the
atmosphere or compressed air, and includes a scund dampening
means arranged in the space above the main valve member.

Herner discloses an impact dampening ring having a
primary bumper and a secondary bumper for dampening the
engagement of a piston against and end of a power cylinder.
The primary bumper has a curved or arcuate surface for initial
engagement with the end of the cylinder and the secondary

bumper has a flat surface for secondary engagement with the
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end of the cylinder. The eéngagement of the primary and
secondary bumpers dampens the impact and prevents the pPiston
from directly engaging the end of the power cylinder. a
mounting flange on the ilmpact dampening rings provides a means
for mounting the impact dampening ring onto a mounting surface
of the piston. A seal along the outer perimeter of the impact
dampening ring provides a fluid tight seal for the piston
inside of the power cylinder.

Takeuchi et al. disclose a fluid pressure cylinder

‘including a cylinder body, a piston accommodated in the

cylinder body to define first and second Pressure chambers
therein,‘means for supplying fluid to each chamber to
reciprocate the piston between a first stroke end and a second
Stroke end, first and second bumper surfaces, an annular
cushion retainer connected to the first bumper surface, and an
elastomeric cushion for deforming and cushioning an impact
produced when the piston reaches the first stroke end. The
bumper surfaces approach each other when the piston reaches
the first stroke end and Separate from one another when the
pPiston moves toward the second stroke end. The cushion has a
shape corresponding generally to a hollow conical section.

The cushion includes a base section retained by the cushion
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bumper surface and an inner surface that faces the first
bumper surface. The outer surface forms a circular seal with
the second bumper surface when the piston approaches the first
stroke end. The cﬁsﬁion is flexed such that the buffer section
moves toward the first bumper surfaces. The buffer section
moves away from the first bumper surface when the piston moves
towards the second stroke end.

It should be understood that the present invention would
in fact enhance the functicnality of the above patents by
providing both a unique arrangement and shape of shock
absorbing members wiﬁhin a launcher impulse tank assembly and
structuring the piston assembly itself to aid in the shock

absorption of the piston stroke.

SUMMARY OF THE INVENTION

Therefore it is an object of this invention to provide a
piston deceleration system for absorbing a piston shock at one
end of the stroke.

Anoﬁher object of this invention is to provide a piston
deceleration system utilizing'a unigue arrangement of
deflection bumpgrs for reducing shock within an impulse tank
assembly.

Still another object of this invention is to provide a

piston deceleration system utilizing a unique shape of

=
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deflection bumpers that prevents cavitation within an impulse
tank assembly.

A still further object of the invention is to provide a
piston deceleration system which is integrated into existing
piston systems without substantial modification.

Yet another object of this invention is to provide a
piston deceleration system which is simple to manufacture and
easy to uSe.

In accordance with one aspect of this invention, there is
provided a piston deceleration system including an elcngated
piston shaft, a piston member slidably seated on the elbngated
piston shaft, a tank member having a first opening formed in a
first end surface thereof and a second opening Zormed in a
second end surface thereof, the elongated pistcn shaft being
reciprocally inserted into the tank member thrcuch the first
end surface. An intermediate stop limit member is formed on
the elongated piston shaft between the piston member and the

first end of the tank member. A shaft shock absorbing member

is positioned between the stop limit member and the piston on
the elongated piston shaft, and a piston.shock absorbing
members is positioned between the piston member and the second
end of the tank member on the elongated piston shaft. Each of
the plurality of shock absorbing members absorbing a shock of

the reciprocating piston member.
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BRIEF DESCRIPTION OF THE DRAWINGS

The appended claims particularly point out and distinctly
claim the subject matter of this invention. The various
objects, advantages and novel features of this invention will
be more fully apparent from a reading of the following
detailed description in conjunction with the accompanying
drawings in which like reference nﬁmerals refer to like parts,
and in which:

FIG. 1A is a side sectional view of a prior art launcher
impulse tank assembly;

FIG. 1B is a side sectional visw of a prior art bumpexr
for the impulse tank assembly of FIG. 1A;

FIG. 1C is a side sectional view of another prior art
bumper for the impulse tank assembly of FIG. 13;

FIG. 2 is a side sectional view of the launcher impulse
tank assembly according to a preferred embodiment of the
present invention having deflection bumpers therein;

FIG. 3 is a sectional view of deflection bumpers mounted
on a movable shaft/piston assembly according to a preferred
embodiment of the present invention;

FIG. 4R is a side sectional view of a deflection bumper
according to the present invention;

FIG. 4B is a reverse sectional view of a deflection

bumper according toc the present invention; and
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FIG. 5 is a side sectional view of a launcher impulse tank
assembly according to a second preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In general, the present invention is directed to an
apparatus for providing a quiet ejection of devices from a
submarine.

In FIG. 1A thers is shown a submarine small device launch
systems utilizing a basic design concept which was developed
in the early sixties. 1In operation, an impulse tank assembly
10 is connected tc & high pressuré ailr source 12 on cne side,
and to a 3 inch launch tube on the other side. The assembly
10 more specifically includes an impulse tank corticn 16
having an air side end cap 18 and a water side =nd cap 20.

The air side end cap 18 includes an inlet/outlet portion 22
through which a high pressure air source is received and spent
air is exhausted. The water side end cap 20 includes an
outlet 24 through which water is forced to the launch tube 14.
Within the outlet 24 there is formed a known assembly of
deceleration disks 26. A piston shaft 28 is slidably inserted
through a shaft aperture in the air side end cap 18 and
terminates in a conical end portion 30 intericr of the

deceleration disks 25. A piston member 32 is mounted on the

o
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piston shaft 28 behind the conical end portion 30 of the
shaft. The piston member 32 pushes against the water side end
cap 20.

In the conventional impulse tank assembly 10 of FIG. 1A,
there is an arrangement of bumpers 34, 36 for assisting in the
deceleration of fluid through the water side end cap 20 on the
way to the launch tube 14. While the general shape of the
bumpers is rectangular in cross-section, upon closer
inspection of FIG. 1B and 1C, it is shown that some of the
bumpers are a plug shape with and end flange at 34 and some of
the bumpers have a peaked cap shape as in bumpers 36. The
bumpers 34 are mounted on the inner surface cf the air side
end cap 18 and the bumpers 36 are mounted on the inner surface
of the water side end cap 20.

When it is desired to fire a device from the launch tube
14, high pressure air from source 12 is ported to the tank 15.
This forces the piston 30 within the tank 15 to push water,
which is on the side of the piston adjacent tc the launch rube
14, to the breech end of a launch tube 14. As this air
pressure is higher than sea pressure, a pressure imbalance is
Created between the muzzle end of the launch tube and breech
end of a device to be launched (not shown) in the launch tube.
This results in the device being ejected from the launch tube.

As a submarine goes deeper under water, the sea pressure on
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the muzzle of the launcher becomes greater. Therefore, the

high pressure air source must utilize higher and higher

pressure to satisfactorily effect a launch.

In operation, as the piston member 32 reaches an end of
its stroke, there would be a metal to metal impact if
provisions where not incorporated into the System design to
brevent such an occurrence. Such contact would not only
result in shock to the System's hardware but also result in a
high level of air-born and water-born noise from the
submarine. In order to reduce thé effect of the end of stroke
impact, the rubber bumpers 34, 35 are incorporated ints both
end caps 18 and 20 of the impulse tank 16 and the water side
of the impulse tank incorporates the deceleration disks 26
therein, Bumpers 34 and 36 are soclid, rubber rings which ars
bolted to end caps 18 and 20.

Referring now more particulariy to FIGS. 1B and 1C, it
can be seen that the known bumpers are Tepresented by pieces
of rubber shown in Cross section. When the pPiston 32 contacts
these bumpers, they pfevent metal to metal contact but do very
little to slowly mitigate the energy which is pushing the
piston 32 into the bumper 34, 3¢, This is because rubber ig
non-compressible and their design is such that little
deflection takes place. The deceleration disks 26 work in

conjunction with the conical end 30 of the piston shaft 28 to

/0
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piston member 32 to the launch tube at the end of its power
stroke.

As the shaft/piston assembly 28, 32 move toward end of
their stroke, more and more deceleration disks 26 are
effectively scaled against fluid flow by the cylindrical
section of the shaft cone 30. This results in higher and
higher pressure being built up on the water side of the piston
member 32. This DPressure counteracts the high air pressure con
the air side of the piston member 32, in an attemot to cushion
the last portion of the piston’s travel. However, in spite of

the piston deceleration control effected by the bumpers 34, 36

.and the deceleraticr disk dashpct 26, the colvmr 2f water in

the pipe leading =2 the launch tube tends to continue to flow

in the direction ¢t the launch tube. This mcmentum results in

t

a low pressure area being created in the area of the launch
pipe, closest to the impulse tank 16. This low pressure
results in a rapid stop of all flow in the pipeline which
Creates cavitation or water hammer. The water hammer is
detrimental to the System with respect to its Eransmitted
shock and vibration loads transmitted to mechanical parts and
detrimental to the ship in that it provides and externally

detectable acoustic event.

(!
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When the system known in the art (FIGS. 1A, IB, 1C) was
first developed, this water hammer was inconsequential as the
3 inch launcher was primarily utilized for distress buoys,
marker buoys, broad band jammers and other devices which
themselves revealed ship position. However, the 3 inch
launcher is now used for a myriad of devices which include
bathyothermographs, time delay jammers, decoy devices and
other devices where a quiet launch is desirable.

Accordingly, the inventors have discovered a modification
to the existing system which is incorporated into the system
with a minimal expenditure of funds and a minimal impact on
existing ship hardware sc that ship arrangement problems will
not be introduced.

FIG. 2 reflect both improved bumpers and improved
connection between the piston and piston shaf- according tc a
first preferred embodiment of the present invention.

In detail, the device shown in FIG. 2 incliudes an impulse
tank assembly 40 connected to a controllable high pressure air
Source 42 on one side, and to & 3 inch launch tube 44 on the
other side. The launcher assembly 40 more Specifically
includes an impulse tank portion 46 having an air side end cap
48 and a water side end cap 50. The air side eng cap 48
includes an inlet/cutlet portion 52 through which a high

pPressure air source is received and spent air 15 exhausted.

2
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The water side end cap 50 includes an outlet 54 through which
water is forced to the launch tube 14. Within the outlet 54
there is formed a known assembly of deceleration disks 56. A
piston shaft 58 is slidably inserted through a shaft aperture
in the air side end cap 48 and terminates in a conical end
portion 60 interior of the deceleration disks 56. 2a piston
member 62 is slidably mounted on an enlarged portion 66 of the
piston shaft 58 behind the conical end portion 60 of the
shaft. At this pecint the substance of the present invention
differs from the conventioﬁal art described in connection with
FIGS. 1A, 1B, and 1C in the following respects. A water side
deflection bumper 63 is mounted on the inner surface of the
water side end car 50. 2n air side deflection bumper 54 ig
mounted on the inner surface of the air side end cap 48 and

the inner surface of the water side end cap 50. Deflectior

{4

bumpers 63, 64 are ring shaped, rubber bumpers fastened to cthe
inner surfaces of end caps 48 and 50 by bolts; however,
another mounting method such as an adhesive cculd be used.

The deflection bumpers 63 and 64 of the present invention
(FIGS. 4A and 4B) are configured such that they need not be
compressed but rather deflect. The amount of desired
deflection can be adjusted and modified to meet the particular
needs of a launch application, however, itg configuration is

such that it requires a timed absorption of energy to cause

(3
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58. 1A StOoD member 68 1is Provided st an end s DOrticn 54

distal from the Conical eng Portion 6g. The szop member 3 ;g

by any Suitable Means in the &It S0 as to mainctain the

Alternatively, the ghaft 58 may be formed a5 & single €xtruded

Piece having Separate PoOrtions including the ©onical eng 60,

xs
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shown . Neither means of formation is bPreferred ang €ither may

deflection bumper 53 when acteqd upon by g force of the pisten
member g3 . Likewise, aS the pistep member g3 slides tgo the
©OPpPosite eng Of the housing 66, the Piston member g3 will
CoOmpress the deflection bumper 54 thereat ip a& similar manner.
Once again, when it is desired to fire 5 device from the

launch tube 44, high bPressure air is ported to the tank 46,

44, to the breech end of launch Cube 44 . As thig Pressure jg

higher than ges Pressure, 3 pressure'imbalance is createg
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launched (not shown) in the launch tube. This.results in the
device being ejected from the launch tube. As a3 submarine
goes deeper under water, the seg Pressure on the mgzzle of the
leuncher becomes greater. Therefore, the high pressure air
Source must utilige higher ang higher Dressure to

satisfactorily effect a launch.

launch tube at the end of itg power stroke. ag the
shaft/piston assembly 58, &2 move toward the eng Of their
Stroke, more ang more disks are effectively Scaled against
fluid flow by the cylindrical section of the shaft cone 60
This results in hicher ang higher Pressure being built up on
the water sige Of the piston member §2. Thig Pressurs
Counteracts the high air Pressure on the air Side of the
Piston member 62, ip an attempt to Ccushion the last portion of
the piston's travel ..

Therefore, when the biston assembly comes tgo its normal

end of Stroke, the shaft sg will continue to travel into the

/e
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Referring again to FIG. 2, and in connection with the

reverse tra?el of the piston Stroke, it should alsggo be noteg

the shaft dperture. The retainer €nd 68 of the Piston/shafs
assembly ig received withip the recesseqd CUp opertion 72 thac
the enlarged shaft/retainer assembly doesg not impede fy11
travel of the Piston 62 within the basic impulse tapk 456 .
FIG. & illustrates 8N alternative embodiment, in which
like reference numbers rafay <c the like Parts of rFrg. 3 As

an alternative the deflection Dumpers bProvided ip Connecticr

the Piston/shaft assembly to optimize System Performance . The

retainer &g and the air-side Surface of the Piston member 62,
The Spring OPerates in the Same manner as the Geflection
bumpers g5

Because of the inventive features of the present
invention, in addition tg the piston deceleration control

effected by the deflectisnp bumpers g4 and the Zeceleration
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disk dashpot 56, the column of water in the pipe leading to
the launch tube tends to drastically reduce its flow in the
direction of the launch tube. This lessened momentum as
compared to the conventional art removes or substantially
reduces the low pressure area being created in the area of the
launch pipe, closest to the impulsé tank 56. This correction
avoids such a rapid stop of flow in the pipeline and thus
eliminates the prior cavitation or water hammer. As a result,
there are no detrimental or readily detectible noise from the
launch of a device from the impulse tank assembly and there
will no longer be z detactable acoustic signature with respect
thereto.

Accordingly, the incorporation of the features described
will quier the launch sysﬁem such that system shock and
vibration loads and operating noises are reduced. In
addition, the present invention can be easily incorporated
into both new and existing ship systems at a low cost. All
system modifications are intermnal, integrated into the impulse
tank assembly and are therefore transparent tc the system
operator. It is further beneficial and advantageous that
there is no impact on ship arrangement of components.

In view of the above detailed descripticn, it is
anticipated that the invention herein will have far reaching

applications other than those of underwater vehicles.

/8




1  This invention has been disclosed in terms of certain

2 embodiments. It will be apparent that many modifications can
3 be made to the disclosed apparatus withoﬁt departing from the
4 invention. Therefore, it is the intent

3 to cover all such variations and mbdifications as come within

6 the true spirit and Scope of this invention.
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PISTON DECELERATION SYSTEM

ABSTRACT OF THE DISCLOSURE

A piston deceleration system includes an elongated piston
shaft having an intermediatg stop member and a second stop
member formed thereon. A piston member is slidably seated on
the elongated shaft between the intermediacs stop member and
the second stop member. A tank member is prcvided having a

rST cpening and z shaf: aperrturs

rh

first end surface with =z

formed therein and a second end surfacs havnz 2 ssccnd
opening formed therein. The vpiston shaft :s slidarivy
pcsitioned intc the tank member through at lszst the first and

surface shaft aperture. A shaft shock abscrzing member is
positioned between the intermediate Stop memzer anc the piston
member on the piston shaft, and a piston shcck abscrbing
member is positioned between the piston member and the second

end of the tank member.
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