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[57] ABSTRACT

The invention comprises a hydraulic rescue tool which
is useful in extricating victims [ form]} from traffic acci-
dents. The tool can perform three basic functions: push-
ing, pulling, and cutting. The tool comprises a pair of
pivotably mounted arms connected to each other within
a common yoke. The arms are forced together or apart
by a hydraulically operated piston. Attached to the
arms are a pair of cutting blades. The arms are made of
a graphite laminate composite material for increased
strength.

4 Claims, 3 Drawing Sheets

ARLLAR LRSS

hy

_\\\_

SEEEO

N
\

SR
P

KN

[T

4

Ay

21



Sheet 1 of 3 Re.33,002

Aug. 1, 1989

U.S. Patent

NN

/l/////

Nﬁ?ﬂffff#’fﬂﬂrffffﬂ

M\f”‘#””””””’

///ﬂﬂ

e

\

/r//?/ i

3

/A

/

21

\\\\\\

\

23

\

KR

,/.,//V/ AANANNY
.\\#\\ I

’,’

QAN

A
‘&\\\\\\@“

Fig.1

////

39

34



U.S. Patent  Aug. 1, 1989 Sheet 2 of 3 Re.33,002

X 3
4 3 4

SRS 7
T PN —+
) -//////7///////>}\\\ XA

T

73 | 50
Firg. 2




Sheet 3 of 3 Re.33,002

Aug. 1, 1989

U.S. Patent

= T
N

|
= Tl i, _

AN

ik

§/ﬂ

~ =N

SN

r

% i//////

o




Re. 33,002

1
HIGH-POWER RESCUE TOOL

Matter enclosed in heavy brackets [ } appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

This application is a continuation of application Ser. No.
833,422, filed Apr. 18, 1986, now abandoned.

BACKGROUND OF THE INVENTION

The present invention 1s a hydraulic rescue tool
which can be used to remove victims from the wreck-
age of traffic accidents, or to perform other tasks requir-
ing substantial amounts of power, such as prying, lift-
ing, squeezing, cutting, and the like.

Rescue tools for extricating victims from accidents
have only recently become available. The tools of the
prior art have comprised a pair of arms, disposed sym-
metrically around a central axis, the arms being pivota-
bly mounted at points on the periphery of the apparatus.
A hydraulically-operated piston has been used to push
the arms apart or to pull the arms together, the pushing
or pulling being done with extraordinary force. The
operation of pushing the arms apart 1s useful in prying
open pieces of mangled metal within which a victim 18
trapped. The operation of pulling the arms together is
useful in lifting heavy objects, provided that the neces-
sary chains or other media are fastened to the arms and
to the object to be lifted.

An example of a hydraulic rescue tool of the prior art
1s shown in German Pat. No. 2621249,

The first rescue tools manufactured were made of
light-weight, high-strength metals, such as titanium and
steel. Subsequent tools have appeared on the market
which are of all-metal construction, with lesser
strength-to-weight ratios. The most powerful portable
rescue tool in the prior art weighs over 70 pounds.
Because rescue tools of this type are generally used in
an environment of considerable stress and urgency, it is
essential that the tool not be too heavy, so that it can be
easily maneuvered without causing excessive fatigue on
the operator. The use of a powerful, heavy, and poorly-
balanced rescue tool in a restricted space can be danger-
ous to both the rescuer and the accident victim. There
1s thus a need for a relatively light-weight, and easily
operated rescue tool.

During rescue operations, it 1s also necessary to cut
through metal. Attempts have been made to add scissor-
like blades to the arms of conventional rescue tools.
However, such attempts have not been successful. The
cantilevered weight of the blade has proved too un-
wieldy, and the arms holding the blades would flex and
snap shut. There was alsc a problem involving breakage
of the pin holding the scissors to the arms, due to hyper-
sonic vibrations. Just as a conventional scissors will not
cut a piece of paper cleanly unless the blades are held
firmly together, the blades in prior art rescue tools
could not adequately cut metal, because the arms could
not be adequately held together, and were not of suffi-
cient rigidity to maintain their precise, desired positions.
The present invention provides a structure which also
solves the above-described problem.

Thus, the invention discloses a powerful, relatively
light-weight, well-balanced, and easily operated rescue
tool which provides the capability of pushing, pulling,
and cutting in a single tool.
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SUMMARY OF THE INVENTION

The present invention comprises a pair of symmetri-
cal arms, mounted on a frame. The arms are connected
to a common yoke disposed along the axis of symmetry
of the arms, and are pushed apart or pulled together by
a piston means, which is hydraulically operated and
which is attached to the yoke. Attached to the arms are
a pair of cutting blades. The arms are made of a graphite
laminate composite material which adds considerably to
the strength of the arms. The tool is powered by a por-
table hydraulic power unit which, through appropriate
valve means, directs high-pressure fluid into a region on
either side of the piston, forcing the piston to move in
the desired direction. The arms are thus forced apart or
together, according to the direction of the piston.

Accordingly, an object of the present invention is to
provide a rescue tool which can be used to extricate
victims from the wreckage of traffic accidents.

It is a further object of the present invention to pro-
vide a rescue tool as described above, which tool is
capable of pushing, pulling and cutting, all with extraor-
dinary power.

It 1s a further object of the invention to provide a
rescue tool as described above, which tool is portable,
relatively light-weight, well-balanced, and easily oper-
ated.

It is a further object of the invention to provide a
rescue tool as described above, wherein the arms of the
tool are constructed of an extremely rigid graphite lami-
nate composite material.

Other objects and advantages of the invention will be
apparent to those skilled in the art from a reading of the
following brief description of the drawings, the detailed
description of the invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 is an elevational view, partly in cross-section,
of the rescue tool.

FI1G. 2 is a cross-sectional view taken along the line
2—2 of FIG. 1.

F1G. 3 is a cross-sectional view taken along the line
33 of FIG. 1.

FIG. 4 is a cross-sectional view of the yoke assembly
taken along the line 4—4 of FIG. 1.

FIG. 5 is a cross-sectional view of the yvoke assembly
in an alternative embodiment, taken in the same direc-
tion as mn FIG. 4.

FIG. 6 is a schematic diagram showing the operation
of the hydraulic system of the rescue tool.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention i1s shown in an elevational
view, partially in cross-section, in FIG. 1. There is
shown rescue tool 1 having a frame 3 which is con-
structed so as to be integrally formed with handles 5. A
pair of arms 7 and 9 are attached to each other by bolt
11 mounted through yoke 13.

The arms are constructed of a graphite laminate com-
posite material with a directional fiber orientation to
maximize strength and stiffness. The frame may be con-
structed of metal, or of a hybrid of metal and graphite.
Thus, the arms are essentially graphite-reinforced plas-
tic, while the frame is metal or graphite-reinforced.

The arms made of the graphite laminate composite
are extremely strong, but are of lighter weight than the
metal arms known in the prior art. The arms in the



Re. 33,002

3

present invention may weigh about two pounds, while
the steel arms used previously might be 934 pounds.
Unlike those of the prior art, the arms of the present
invention are flat plates, and need not be made of I-
beam or box cross-section. Despite being flat plates, the
arms maintain their rigidity. The overall weight of the
complete tool is approximately 50 pounds, a substantial
reduction compared to the prior art tools which have
weighed as much as 70 pounds, or more.

Arms 7 and 9 are also connected to frame 3 by pivot
links 15 and 17. The ptvot links are connected to the
arms 7 and 9 by arm pins 19 and 21, and are connected
to the frame 3 by pivot pins 23 and 28.

Disposed within hollow cylindrical region 27 is pis-
ton 29. Piston 29 1s adapted to push on yoke 13, through
hollow cylinder 31 which i8 connected directly to the
base 33 of yoke 13. Region 27 is adapted to receive
high-pressure fluid, as will be described below. Region
27 is further defined by end cap 35 which is attached to
frame 3 by bolt 37.

Valve block 39 18 mounted on frame 3, and holds the
valves that are used for directing fluid into the regions
around the piston, as will be described more fully be-
low.

Attached to arms 7 and 9 are a pair of cutting blades
41 and 42 (blade 42 being shown in phantom, as the
blades overlap each other when the arms 7 and 9 are
together). Due to the composition of the arms, the arms
maintain their rigidity such that when the arms come
together, the blades cut like a scissors. That s, the
blades will not separate while cutting but will make a
clean, sharp cut.

Attached to the tips of arms 7 and 9 are work jaws 43
and 45. The work jaws, which can be made of steel,
have holes 46 which are suitable for insertion of chains
or nylon belts to perform lifting operations.

Work jaws 43 and 45 are used as the working tool
surfaces for pushing, prying and lifting. The work jaws
will become worn with use, and may be replaced. They
are attached to arms 7 and 9 by a pin with an internal
ball detent (not shown) to prevent accidental with-
drawal, but which is removable by hand, thus making it
possible to replace the work jaws in the field, without
tools. The holes 46 can be used to attach chains or nylon
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belts, or other material of high tensile strength, in order 45

to use the tool for lifting.

The cutting blades 41 and 42 are attached to their
respective arms by a plurality of bolts 47.

As 18 apparent from FIG. 1, when piston 29 is forced
upward, as indicated by the direction of arrow A, the
arms 7 and 9 separate. As the arms separate, they are
free to pivot on links 15 and 17, as well as around yoke
13. Conversely, when the piston is moved downward,
the arms 7 and 9 are forced together. When the hydrau-
lic pressure on the piston 29 is sufficiently great, the
arms 7 and 9 can be forced together or apart with ex-
traordinary power, and can be used to push or pull with

tremendous strength. Also, when the arms 7 and 9 are
forced together, blades 41 and 42 can be utilized as a

high-powered scissors for cutting through metal.

It is to be appreciated that the fixed point of rotation
of the arms is at the center of the apparatus, i.e. at the
yoke 13, and not at the outer edges of the apparatus. As
the piston 29 is moved, the arms are allowed to rotate
around arm pins 19 and 21, and the arm pins also move,
by virtue of rotation of the links 18 and 17 around pivot
pins 23 and 25. Because the force is applied at one point
in the center (and not at two points, on the ends, as was
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done in the prior art), it is possible to make the distance
from the yoke 13 to the arm pins 19 and 21 greater, thus
increasing the lever arm length, and improving perfor-
mance. In fact, the ability to use a longer lever arm
results in the ability to achieve the same force with a
smaller piston, thus reducing the weight of the tool.

The detailed structure of the links and the yoke are
further illustrated in FIGS. 2 and 3. FIG. 2, which is a
cross-sectional view taken along the lines 2—2 of FIG.
1, shows frame 3 and arms 7 and 9. Arms 7 and 9 are
shown attached to links 15 and 17 by arm pins 19 and 21.
Also shown are pivot pins 23 and 25, which attach the
links 15 and 17 to frame 3.

Also visible in FIG. 2 are cutting blades 41 and 42.
The arms 7 and 9 are sandwiched between members 49
and 51 of yoke 13 (see FIG. 1). Clamped around mem-
bers 49 and 51 are bolt 52 and nut 50.

FI1G. 3, which is a cross-sectional view taken along
the line 3—3 of FIG. 1, provides more detailed illustra-
tion of link 15. Arm pin 19 is shown holding arm 7 to
link 15. The frame pivot bolt 23 and pivot pin nut 8% are
shown. Also visible, mounted on handle § is valve block
39 to which are attached valve triggers 61. The valve
triggers 61 are used to control the tool manually. When
the appropriate trigger is squeezed, the arms are made
to open or close, according to the direction of high-
pressure fluid flow in the hydraulic system, which will
be explained below.

FIG. 6 is a schematic diagram of the hydraulic sys-
tem, together with an abbreviated cross-sectional eleva-
tion of the rescue tool. Although the rescue tool, as
shown in FIG. 6, 1s not identical to that shown in FIG.
1, it is understood that FIG. 6 represents the same res-
cue tool as that in FIG. 1, and thus some of the same
reference numerals are used in the schematic drawing of
FIG. 6, for purposes of clanity. FIG. 6 shows hydraulic
pump 71 which draws fluid along line 73 from reservoir
78. FIG. 6 also depicts schematically valve 77 which
has four ports and three positions. Valve 77 is centered
by spring means 79, and is manually operated by press-
ing triggers 80. The triggers 80 are either identical to, or
are operatively connected to, the valve triggers 61 of
FIG. 3.

The ports of valve 77 are indicated by the letters a, b,
¢, and d. In the quiescent position, which is the position
shown in FIG. 6, ports a and b are connected within
valve 77, so that fluid from reservoir 75 1s pumped along
line 73 and back to reservoir 7§ through line 81.

When valve 77 is moved to the right in FIG. 6, fluid
pumped by pump 71 through line 73 enters the valve 77
at port b and exits valve 77 at port d along line 83. The
fluid then enters lower region 88 of the cylinder 91. At
the same time, any fluid that is in upper region 87 of
cylinder 91 is drawn out through line 89, entering valve
77 at port ¢, exiting valve 77 at port a, and returning to
reservolr 79 through line 81. The net effect is to cause
an increase in pressure in region 85 and a decrease in
pressure in region 87, thereby causing piston 29 to move
up, and to force arms 7 and 9 apart.

Conversely, when valve 77 is moved to the left in
FI1G. 6, flmd pumped by pump 71 through line 73 enters
valve 77 at port b and exits valve 77 at port ¢, and
travels through line 89 into upper region 87 of cylinder
91. At the same time, fluid in lower region 85 of cylin-
der 91 exits the cylinder through line 83, and enters
valve 77 at port d, leaves valve 77 at port a, and returns
to reservoir 78 through line 81. The net effect is an
Increase in pressure in upper region 87, and a decrease
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in pressure in lower region 85, causing piston 29 to
move downward, thereby causing the arms 7 and 9 to
come together.

The hydraulic system is portable, and the pressure
lines shown schematically in FIG. 6 are preferably flexi-
ble hoses with quick-connect couplings having appro-
priate check valves. The operating pressure of the sys-
tem should be at least 5,000 p.s.i. For a pulling distance
of 32 inches, 2 minimum opening force of 12,000 pounds
is required. A cutting force of 40,000 pounds is also
needed.

FIGS. 4 and 5 together illustrate the attachment of
the arms to the yoke in the embodiment described
above, and in an alternative embodiment. Both figures
are taken in a direction indicated by line 4—4 of FIG. 1.
FIG. 4 shows the embodiment used in the tool de-
scribed so far. Arms 7 and 9 are shown held within yoke
13 by bolt 101, the bolt being mounted within bushing
103. It is seen that head 105 of bolt 101, and nut 107
press upon the external surfaces 109 and 111 of yoke 13.
Although this embodiment has been found to produce a
workable tool, it has the disadvantage that, because of
the tightness of the nut and bolt, the yoke may be de-
formed when this embodiment is used. The embodiment
shown in FIG. 4 produces a mechanical couple on the
yoke, which tends to twist the yoke.

The alternative embodiment, illustrated in FIG. 3,
avoids the problem of deformation of the yoke. In this
embodiment, there is effectively only one member,
namely nut 113, pressing upon an external surface 111 of
yoke 13. Bolt 115 is disposed within yoke 13, and rests
upon a portion of washer 117. Glide washer 119 sepa-
rates yoke 13 from arms 7. It is found that this arrange-
ment avoids the deformation problem described above.

It is apparent that the objects of the present invention
are fulfilled by the above disclosure. Many modifica-
tions to the basic design are possible. All such modifica-
tions which would be apparent to those skilled in the art
are deemed within the spirit and scope of the following
claims.

What is claimed is:

[1. A rescue tool, comprising:

a frame,

a pair of substantially flat arms, the arms being pivota-

bly mounted in a common yoke, the yoke being
attached to a piston means disposed within the

frame, the frame defining a region within which the
piston means can move upward and downward,

wherein upward movement of the piston means
causes the arms to separate, and wherein down-
ward movement of the piston means causes the
arms to come together,

the arms being connected to the frame by a pair of
links, the links being spaced equidistant from the
yoke, the links being pivotably mounted to the
frame and to the arms,

hydraulic means for moving the piston means upward
and downward within the frame, and

blade means attached to the arms, the blade means
being distinct from the arms,

wherein both of the arms have the general shape of a
solid right triangle, and wherein the arms, when
together, form a substantially soild triangular
shape, the arms being constructed of a graphite
laminate composite material.}

[2. The tool of claim 1, wherein the arms are held

within the yoke by a pair of substantially flat yoke mem-
bers, the sides of the arms opposite the yoke members
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both having a recess, each recess being shaped to re-

ceive one of the blade means, wherein each blade

means, in combination with its associated arm, forms a

substantially flat surface, wherein both of the flat sur-

faces formed by the respective arms and blade means
are held firmly against each other within the yoke.}

[3. The tool of claim 2, wherein the moving means
comprises means for introducing high-pressure fluid
into the regions on either side of the piston means, such
that the piston means may be moved in a direction away
from the fluid-containing region. ]

[4. The tool of claim 3, further comprising a pair of
work jaws, the work jaws being attached to the tips of
the arms. ]

I'5. The tool of claim 4, wherein the work jaws have
holes disposed therein, the holes being adapted for in-
sertion of chains or other high tensile strength media.]

[6. The tool of claim 5, wherein the introducing
means comprises a hydraulic system, the system com-
prising:

reservoir means for storing fluid,

duct means for carrying fluid out of and into the

reservoir means,

four-port valve means connected to the duct means

and to the regions adjacent to the piston means, and
pump means for pumping fluid out of the reservoir
means and towards the valve means. }

[7. The tool of claim 6, wherein the valve means has
three positions, the first position being connected to
direct fluid from the reservoir means into a first region
and out of a second region adjacent the piston means,
the second position being connected to direct no fluid
into or out of the regions adjacent the piston means, and
the third position being connected to direct flmd from
the reservoir into the second region and out of the first
region adjacent the piston means.}

[8. The tool of claim 7, wherein the valve means is
manually operable, the valve means being operable by
trigger means mounted on the frame.]

[9. The tool of claim 2, wherein the yoke members
are held against the arms by a nut means and a bolt
means, the head of the bolt means being disposed in a
recess in one of the yoke members, and the nut means
being positioned on the exterior side of the other of the
yoke members.}

[ 10. The tool of claim 9, further comprising washer
means disposed between the yoke members and the
respective arms. ]

[11. A high power rescue tool, comprising:

a frame,

a pair of arms connected to the frame, the arms being
pivotably mounted within a yoke and also pivotably
mounted to the frame by a pair of pivot links disposed
on the periphery of the frame, the yoke being con-
nected to a piston, the piston being movable upwards
and downwards within a cylindrical space defined by
the frame, wherein upward movement by the piston
tends to force the arms to separate, and wherein
downward movement by the piston tends to force the
arms to come together,

the arms comprising similar, substantially solid, right
triangular members, the arms being constructed of
graphite laminate composite material,

a pair of blades attached to the arms, the blades being
distinct from the arms,

wherein the arms are mounted within two yoke mem-

bers, the arms having recesses shaped to receive each of

the blades, each combination of arm and blade forming
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a substantially flat surface, the surfaces being urged a pair of substantially flat arms, the arms being pivota-

together by fasteming means on the exterior of the bly mounted in a common yoke, the yoke being at-
yoke.} tached to a piston means disposed within the frame,

12. A high-power, portable rescue tool, comprising:

the frame defining a region within which the piston

a frame, 5 means can move upward and downward, wherein
a pair of substantially flat arms, the arms being pivota- upward movement of the piston means causes the
bly mounted in a common yoke, the yoke being at- arms to separate, and wherein downward movement
tached 1o a piston means disposed within the frame, of the piston means causes the arms to come together,
the frame defining a region within which the piston the arms being connected to the frame by a pair of links,
means can move upward and downward, wherein 10 the links being spaced equidistant from the yoke, the
upward movement of the piston means causes the links being pivotably mounted to the frame and to the
arms to separate, and wherein downward movement arms, o o
of the piston means causes the arms to come together, means for introducing ‘high-pressure fluid into SPaces on
the arms being connected to the frame by a pair of links, either side of the piston means, such that the piston
the links being spaced equidistant from the yoke, the 13 means may be moved upward and downward within
links being pivotably mounted to the frame and to the the frame, in response to the pressure of fluid, and
arms, blade- means attached to the arms, the b!ade:r means
hydraulic means for moving the piston means upward being distinct from the arms, the arms being con-
and downward within the frame, and 5 m‘f:red of a lightweight m‘atf._mai. ,
blade means attached to the arms, the blade means *° wherein th? arms are held within the y ‘Jfke by a pair of
being distinct from the arms, the arms being con- mbstqntzaﬂy flat yoke members, the'szdes of the arms
.. . : opposite the yoke members both having a recess, each
structed of a lightweight material. _
13. A high-power, portable rescue tool, comprising: recess .being shaped to receive one of th.e b{ade means,
a frame, whergin each blade means, in combination with its
a pair of substantially flat arms, the arms being pivota- 23 mac:::}rred arm, forms a substantially flat surface,
¥ unted in a common voke. the voke being at- wherein both of the flat surfaces formed by the respec-
Y mounied ! FORE, HE YO g tive arms and blade means are held firmly against
tached to a piston means disposed within the frame, each other within the yoke, and
the frame defining a region within which the p zstqn wherein the introducing means comprises a reservoir for
means can move upward and downward, wherein 4, storing fluid, duct means for carrying fluid out of and
upward movement of the piston means causes the into the reservoir, a four-port valve means connected
arms to separate, and wherein downward movement to the duct means and to the spaces adjacent to the
of the piston means causes the arms to come together, piston means, and means for pumping fluid out of the
the arms being connected to the frame by a pair of links, reservoir and towards the valve means.
the links being spaced equidistant from the yoke, the 15 15 4} igh-power, portable rescue tool, comprising:
links being pivotably mounted to the frame and to the a frame,
arms, * _ a pair of arms, the arms being pivotably mounted in a
hydraulic means for moving the piston means upward common yoke, the yoke being attached to a piston
and downward within the frame, and means disposed within the frame, the frame defining a
blade means attached to the arms, the blade means 4 region within which the piston means can move up-
being distinct from the arms, the arms being con- ward and downward, wherein upward movement of
structed of a lightweight material, the piston means causes the arms to separate, and
wherein the arms are held within the yoke by a pair of wherein downward movement of the piston means
substantially flat yoke members, the sides of the arms causes the arms to come together,
opposite the yoke members both having a recess, each 45  the arms being connected to the frame by a pair of links,
recess being shaped to receive one of the blade means, the links being pivotably mounted to the frame and to
wherein each blade means, in combination with its the arms,
associgted arm, forms a substantially flat surface, hydraulic means for moving the piston means upward
wherein both of the flat surfaces formed by the respec- and downward within the frame, and
tive arms and blade means are held firmly against 50  blade means attached to the arms, the blade means
each other within the yoke. being distinct from the arms, the arms being con-
14. A high-power, portable rescue tool, comprising: structed of a lightweight material.
a frame, * ok 3 * %
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