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The present invention relates to hooks or hands
for artificial arms, and more particularly to that
class of hooks or hands wherein the movable hook
members or fingers are normally opened out to
the extended position by light spring pressure,
and are closed by the application of a control
force to the actuating mechanism.

One of the most difficult problems i connec-
tion with the design of such hooks or hands is
that of providing both a large amount of travel
for the movable gripping members so that the
hook or fingers can be opened wide, and at the
same time, g high mechanical advantage in the
system so that a powerful grip can be cobtained
on the article to be grasped. The actuation of
the hook or fingers is usually accomplished by
means of a control member, such as a Bowden
cable or the like, which is connected to a shoulder
harness in g manner whereby a shrug of the
shoulder produces a pull on the control member.
The muscular effort available for closing the hook
or fingers Is rather limited, however, both in the
magnitude of the force that can be applied and
In the length of travel that can be obtained in the

control member, and as a result, it has hereto- .

fore been necessary to settle with a compromise
solution, using the maximum mechanical ad-
vantage that would still allow the hook or fingers
to e fully closed with the limited travel available
in the control member.
tire mechanical advantage of the system has
necessarily been accompanied by a corresponding
sacrifice in the amount of travel of the movable
hook member, which is undesirable, and prior
hooks or hands have therefore been character-
ized by a relatively weak closing action.

- The primary object of the present invention
1s to overcome these difficulties by providing a
hook or hand combining the desirable charac-
teristics of a high mechanical advantage with a

large amount of angular travel of the movable .

gripping member. This has been accomplished
by providing means whereby the movable grip-
ping member is closed with a fast motion and low
~Imechanical advantage during the no-load por-
tion of its travel while moving from the fully
opened position up to the point of its engage-
ment with the article to be grasped, and then
changes automatically to a condition giving a slow
travel and high mechanical advantage while
tightening its grip on the article.

Another object of the invention is to provide
a hook or hand of the manually closed type

wherein the movable gripping member is auto-
matically locked in the closed position when the

Any attempt to increase .
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force exerted by the control member is released,
thereby enabling the amputee to relax the har-
nessed shoulder while still mamtammg his grasp
on the article. |
A further object of the 1nvent10n is to provide
a seli-locking hook or hand of the class desecribed,
having means operable by the next succeeding
pull on the control member to release the lock,
permictting the movable gripping member to be
opened. | |
Still another object of the invention is to pro-
vide 3 manually closed, self-locking hook or hand
embodying yieldable spring means in the actuat-
ing mechanism which is adapted to be stressed
at the time the movable gripping member is
tightened up on the article, so that when the
tension in the conftrol member is released and
the gripping member is locked in closed posi-
tion, the stressed spring means ‘applies a force
back into the actuating mechanism, causing the
movable gripping member to exert a substantial
sSpring pressure on the article held there by This
18 an Important feature when handling hard, un-
ylelding objects, since without such spring action,

it would be impossible to maintain the necessary

firm grip on the article except by sustained.
muscular effort.

The foregoing and other objects and advanta,ges |
of the invention will become apparent to those
skilled in the art upon consideration of the fol-
lowing detailed description of two illustrative
embpodiments thereof, reference being had to the
accompanying drawings, wherein:

Figure 1 is a perspective view of 2 hook embody—
ing the principles of the invention;

Figure 2 is a top plan view of the same;

Pigure 3 is a view similar to Figure 2, showing
the movable hook member closed on an cbject,
with the actuating mechanism depicted in the-
condition giving a fast motion with low mechan- -
ical advantage, as during the initial no-load travel
of the hook;

Figure 4 is an enlarged, partially sectioned,
pian view of the actuating mechanism, showing
the positions of the several parts thereof when
the mechanism is-in the condition giving siow
motiion with high mechanical advantage, as when
the movable hook membper 1s being drawn tight
on the object:

Figure 5 shows the actuating mechamsm in
the locked position which is assumed when the
force exerted by the conirol member is relaxed;

Figure 6 shows the manner in which the lock -
Is released when the next succeeding force is -

apphed to the control member:
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Figure 7 shows the actuating mechanism in the
final phase of the operational cycie, during which
the control member is being relaxed to open the
hocok, and the locking pawl is being cammed
down to the point at which the asscciated spring
and link are caused to snap over center to their
initial position, in readiness for the next cycle of
operation: and

Figure 8 is a perspective view of an artificial
hand embodying the principles of the invention
in the finger-closing mechanism.

Reference is had first to Figures 1 to 7, inclu-
sive, of the drawings, wherein the numeral {0
designates the forearm component of .an artificial
arm, the outer end of which ferminates in g wrist
cap {1, having an attach plate {2 mounted there-
on in any suitable manner. The outer face of
the attach plate {2 is milled out to form a shals=
low, vertically extending slot 12 having grooves
i4d cut into the opposite side walls thereof. The
slot 13 1s open at the vop and is adapted to re-
ceive a companionate rib {5 formed on the back
side of the base 18 of a hook unit {1, providing a
quick-detachable coupling for connecting the
hook unit onto the arm. The rib I8 has flanges
20 projecting from ifts opposite side edges, and
these flanges are adapted to slidé endwise down
into the grooves !4 in the attach plate. A locking
pin 21 which is slidably disposed within a hole in
the base 16 near the top edge thereof, is urged
rearwardly by a cantilever spring 22, and is
adapted to drop into a hole in the face of the
atlach plate 12 when the hook unit is fully seated
thereon, to lock the hook unit in place.

The attach plate 12 may be rotatably mounted
on the cap {1, or it may be stationary with re-
spect thereto, and since the details of the con-
nections hetween them form no part of the pres-
ents invention, they have accordingly been omit-
ted from the drawings. A centrally disposed tu-
bular extension 23 preoiects rearwardly from the
back of the attach plate {2 through an opening
in the cap {f, and slidable axially within the
bore 24 thereof is a cylindrical coupling member

2%. The hore 248 extends through the plate 12 and

opens at its front end into the bottom of the
slot 13. A spring 26 bears against the back end
of the member 25, urging it outwardly, or to the
left, as shown iIn the drawings. Attached to the
coupling member 2% in any suitable manner is
the tension-transmitting wire 30 of a Bowden
cable control. The Bowden cable includes the
usual flexible, spring-wound conduit (not shown)
which encloses the wire 38 for a substantial por-
tion of its length, said wire being freely slidable
within the conduit. The conduit and wire extend
upwardly along the length of the arm, and the
upper end of the wire is attached to the usual
shoulder harness (not siicwn), which is construct-
ed and arranged so that a shrug of the shoulder
produces a pull in the wire 30, in a manner well
understood in the art.

The outer end of the coupling member 25 is
adapted tc project beyond the bottom surface of
the slot 12, and is milled out to form a T-shaped
slot 31 which is open at the top side of the cou-
pling member so as to receive a circular, radially

flanged connector 32 projecting from the back of

the base (6, when the hook unit {7 is inserted
down into the siot 3. The connector 32 is con-
nected to actusting mechanism 33 of the hook
unit, and, when coupled to the member 29, serves
to transmit the pull of the conirol wire 38 to the
actuating mechanism to operate the same. Since
the connector 32 is the means by which the actu-

10

4

afing mechanism is operated, it might be consid-
ered as the control member of the hook, and is
referred to as such in the appended claims. It is
to be understood, however, that the *“control
member” of the claims is not limited solely to
connectors such as the one shown at 32, but
might include any force-transmitting element,
such as the control wire 38 or its equivalent.

The actuating mechanism 33 is preferably en-
closed within a laminated plastic shell, or hous-
ing 29, indicated in phantom lines in Figure 1,

- which protects the mechanism and prevents the
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clothing from becoming entangled therein. The
housing 29 may be attached to the base plate 1§
In any convenient manner, and is provided with
sulitable openings through which the two cooper-
ating hook members project. Another opening in
the top of the housing 29 permits a handle ex-
tension 28 on the wire spring 22 to project through
to the outside so that it can be grasped by the
fingers of the other hand to unseat the pin 2f
from its hole in the attach plate 12, and thereby
unlock the hook unit 17 for removal therefrom.

The base plate 16 of the hook unit is shaped o
conform to the outline of the attach plate 12,
angd is apertured centrally to provide an opening
34 which receives the connector 32. Projecting
forwardly from one side of the base plate 1§ is a
post 35 which terminates at its oufter end in a
¢ylindrical extremity 36 having a threaded socket
31 formed therein. The threaded stud 48 of a
stationary hook member &1 is screwed into the
socket 31. On the other side of the centerline of
the plate 18 from the post 235 are two vertically
spaced, outwardly projecting lugs 42 which are
apertured at their outer ends to receive a pivot -
bolt 43. Disposed between the lugs 42 and jour-
nalled on the pivot bolt 43 is a bell crank member
44, one arm of which extends in a generally out-
ward direction and terminates in a cylindrical ex-
fremity 45 having a threaded socket 48 to receive
the stud 471 of a movable hook member 5i. Both
the stationary hook member 4{ and the movable
hook member 5{ are preferaply covered for the
greater portion of their iengths by pieces of rub-
ber tubing 49 which provide a good Irictional
surface for the hooks, as well as a slight amount
of elastic vield, or cushion, to facilitate handling
smooth or hard objects. The other arm of the
bell crank member 44 is bifurcated, forming {wo
spaced arm portions 52 which extend laterally in
the general direction of the post 35. The outer
ends of the arm portions 52 are drilled to receive
a, pivot pin 33. |

Disposed between the arm portions §2 and jour-
nalled on the pin 53 is an operating lever 94, the
longer arm of which extends laterally inward
toward the axis of the pivot bolt 3. ‘This in-
wardly extending arm of the operating lever 54 is
bifurcated, being slotted out lengthwise to form
a shoulder at 55 adjacent the pivot pin $3. Dis-
posed between the side portions of the operating
lever 84 adjacent the free end thereof and pivot-
ally connected thereto by a vin &6 is an L~-shaped
link €0, the other end of which extends into a
slot in the connector 32, and is secured by a pin
6i. The attach plate 16 is slotted out at 62 be-
tween the lugs 42 to provide clearance for the
link 60.

The outer end of the operating lever &4 pro-
jects radially outward beyond the pivot 83 and
is provided with a toothed sector 65 which is en-
gageable with the teeth of an arcuate rack 6§
mounted on the post 35, when the operating lever
1s rocked in a counterclockwise direction. Formed
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In the front outer corner of the operating lever
58 is a notch 70, and seated therein is one end
of a bowed, U-shaped spring Ti, the other end
.0f which is engaged in a notch 72 in the bell
crank membper £4. The spring 11 exerts a pres-
sure on the operating lever 54 tending to rotate
the same in a clockwise direction so as to move
the foothed sector 65 out of engagement with
the rack 86. Opposing this clockwise torque is
a cOunterclockwise torque which is produced in
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~ond phase of the operating ¢ycle, 111ustra,ted in

10

the operating lever by the pull of the control

wire 30, acting through the coupled members 28,
32, and link 63. The force exerted on the op-
erating lever by the spring 7| is somewhat greater
than the torque whiech must be applied thereon
by the hook~closing control force at point 58 to
overcome the licht spring pressure urging the
movable hook member to the open position. The

spring pressure referred to is exerted by a pair

of cantilever springs 73 disposed on opposite sides
of the hook members. Preferably, the springs 73
are formed of spring steel wire, each being bent
to an angle at one end, as at 14, and inserted into
a snug-fitting hole in the attach plate {6 for an-
chorage. ‘The other end of each of the springs
bears downwardly against and is slidable over a
pin 1% projecting laterally from both sides of the
bell crank member 44, Since pin 15, which is the
point of application of the force exerted by
springs i3, is located below the axis of pivot 42,
it will be seen that the bell crank member 44 and
assoclated hook member 51 are urged in a coun-
terclockwise direction, away from the stationary
hook member 4i. Counterclockwise rotation of
the member €4 causes the link 68 and connector

32 to be drawn toward the left, as viewed in the
drawings, and the angular travel of the member

&4 is limited at the fully opened position of the
hooks by the engagement of a flange 16 on the
connector 32 with an annular shoulder 17 in the
opening 34. -

From the foregoing, it will be seen that the only
force to be overcome during the initial no-load
travel of the members 44, 81, is the torsional force
exerted thereon by the two cantilever springs 732.
Since the torque applied to the operating lever
04 by spring 71 exceeds the torgue which must
be applied thereto by the control force to over-
come the torsional force of the springs 73, the
operating lever remains stationary with respect
to the arm 52 during the no-load travel of the
movable hook member 5i, and the e

rectly to the arm 52 at point 56. It will be noted
that the moment arm between the point of force
application at pin 36 and the axis of pivot 43 is
relatively short, and as a result, a relatively large
angular travel is obtained in the bell crank mem-
ber £4 with a relatively small linear travel of the
control wire 30 and coupled members 25, 32.
‘While the torque applied to the members 44, 51
by the control force acting directly on point 56
is sufiicient to overcome the hook-opening force
of springs i3, the adverse mechanical advantage
of the system due to the relatively long moment
arm from the axis of pivot 43 to the outer end
of the movable hook member 51 makes it impos-
sible to apply any effective pressure on an cbhject

A (Figure 3) held between the outer ends of the

hook. Accordingly, when the movable hook mem-

ber has closed solidly against the object, and fur-

ther travel is resisted thereby, the actuating
mechanism 33 goes into operation to change the
force transmission system over to .a condition
giving a -high mechanical advantage.

ect is the
same as though the link 68 were connected di-
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Figure 4, will now be described.

As the movable hock member 51 meets the
resistance of the object A and is brousht to a
stop, the amount of muscular force applied to
the control wire 20 through the shoulder harness
18 voluntarily insreased, producing an increased
counterclockwise torque in the operating lever
94 which presently overcomes the torque of the
spring Ti. With the overpowering of the spring
11, the operating lever 58 is rocked in a counter-
clockmse direction about the pivot pin 53, bring-
ing the teeth of the sector 85 into engagement
with the teeth of the rack §6. ‘At this point, the
operating lever £4 becomss a fulcrumed lever arm: |
wherein the point of engagement of the sector
teeth &5 with the rack 88 constitutes the fulerum
point; pin $3 being the load; and pin 5%, of
course, representing the point of application of
the force. In the embodiment illustrated in the
drawing, the length of the lever arm from the
center of pin $3 to the center of pin 58 is roughly
three times the length of the lever arm from pin
03 to the pitch line of the intermeshed teeth:
hence the actuating force (load) applied at 53 is
approximately three times as great as the con-
trol force applied at 56. A second factor which
must also be considered is the fact that the con-
trol force is now applied to the bell crank arm
a2 at the pin 53, instead of at the pin 56. The
moment arm oi pin &3 with respect to the axis
of the bell crank pivot £3 is about four times as
great as that of the vin 5§, and this four-to-one
leverage ratio gives a total force multiplication
in the system of approximately twelve-to-one gver
that which was cbtained before the operating
lever 84 was rocked to engage the teeth €5 with
the rack 5. It will be understood, of course,:
that the above ratios and proportions are merely
iflustrative, and might be varied widely without
aeparving from the scope of the invention.

~Lhe arcuate rack 6§ is preferably formed sep-
arate from the post &85 and is slidably mounted on
an arcuste face 83 thereof, the center of curva-
ture of which lies at the axis of the bell erank
pivot &3. The teeth of the rack 86 extend only
about hali way across the width thereof, leaving
a simooth strip 79 exiending alongside the toothed
portion. The rack is secured to the face 88 by
two riveis 81 which extend through circumfer-
entiaily clongated slots §2 in the smooth portion
189 of the rack, permitting a limited amount of
sliding movemsnt of the latter with respect to
the post &5, within the limits of the slots. The
rack 6% is urged toward the right, as viewed in
the drawings, by a bowed Izaf spring 83, one end
of which is lcdged under s pm Gl prmeetmg from
the post 85 adjacent the out er end of the rack,
and the other end of said spring being engaged
in a noftch 8% in the smooth norticn 7§ of the
rack at the far end therscf. The spring §3 is
fairly substalitj.e& and exerts a pressure of about
50 pounds on the rack 85, the purpose of Wthh
will become apparent hereinafter.

When the movable hook member 51 has been
drawn up tight to the desired pressure against

- the object A, the force on the control wire 38 is

70

b

voluntarily relaxed, causing the actuating mech-
anism 33 to assume g locked holding condition,
illustrated in ¥Figure 5. The locking action is ac-
complished by g generally U-shaped locking pawl
€6, one end of which is formed with a pointed,

“Mdge-uhaped lip 89 which is adapted to ratchet
over and engage any one of the inclined teeth
of an arcuate rack 9!. The rack 91 is.formed
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intégral with the bell crank member 44 and pro-
jects laterally therefrom in the general direc-
tion of the post 35. The center of curvature of
the line of teeth on the rack 81 is preferably, al-
though not necessarily, located at the center of
the pivot 83 for the operating lever 54.

The pawl §6 extends through the slot in the

operating lever 54 and is pivotally connected at

its other end by a pin 92 to a link 93. The link
93 is also disposed between the sides of the slotted
operating lever 568 and is pivotally connected
thereto intermediate its ends by a pin 84. The
other end of the link 93 projects beyond the
pivot 94 and is provided with a notch 95 which
engages one end of a bowed leaf spring 95. The
other end of the spring 88 is seated in a noteh
971 formed in the back of the wedge-shaped lip
99 of the pawl 858. The link 93 is limited in its
angular travel about the pivot 84 by two pins 98
and 83 which extend through alined holes in the
side portions of the slotted operating lever 54.
The link is shown in its extreme clockwise posi-
tion in Figure 4, and in its counterclockwise-
limited position in Figure 5. The notch 95 is
located so that when the link ig in its clockwise
position, the noicn lies above a centerline drawn
through the notch 37 and the center of pivot 94;
and when the Iink is in its counterclockwise posi-
tion, the notch lies below the said centerline.
With the paris shown in the relative positions
occupled in Figure 4, the spring 99 exerts a force
on the free end of the pawl 85, urcing the lip 8%
downwardly against the teeth of rack 8i1. This
is the initial condition of the linkage at the time
the closing operation of the hook is first started.

It might be noted at this point that there is
a notch 189 formed in the rack 8! adjacent the
outer end thereof, and bevond the notch is a
tongue {61 having an inclined cam face 182. The
lip 98 of the pawl is normally seated in the notch
108 when the hook is at rest.  During the tight-
ening phase c¢f the operation, described earlier,
the counterclockwise rocking niovement of the
operating lever 54 with respect to the bell crank
arim 52 causes the link pivot $4 to move toward
the right in an arcuate path about the operat-
ing lever pivot 3 as a center. Since the pawl
86 is supported on fthe operating lever through

the medium of the link 83, this movement to-

ward the right of the operating lever carries the
rawl slong with it, lifting the lip 08 out of the
notch 108 and causing the lip to ratchei over
the teeth of the pawl. When the force on the
control wire 30 is relaxed, the lip 9% on the pawl
drops Into locking engagement with the last
tooth passed over, and the pawl is therehy pre-
vented from moving back toward the outer end
of the rack.

As the hook is drawn up tight on the object A,
the reaction of the toothed sector 5 on the ar-
cuate rack 56 causes the latter to e pushed outb-
wardly, or to the left, against the pressure of the
leaf spring 83. In Figure 4, the rack is shown at
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the extreme left hand position. With the release

of the tension in the control wire 30, the rack is
pushed back slightly by the stressed spring 83, to
3, position somewhere bhetween its extreme posi-
tions, as shown in Figure b, carrving the toothed
sector 6% with it. Since the bell ecrank member
A4 and movable hook member 5! are limited
against further clockwise rotation by their en-~
gagement with the unyielding ohkject A, the pivob
93 remains stationary, and the operating lever 54
therefore tends to rock in a clockwise direction
ahout the pivot 53. However, in order for the

88

70

=g - lever 54,

2

operating lever 54 to rotate clockwise from its
position in Figure 4, it is necessary also for the
pivot pin 94 to move toward the left in an ar-
cuate path about the axis of the pivot 53 as a
center, but such movement of the pin 94 is re-
sisted by the spring-pressed link 93 and pawl
86, which are connected thereto. The pawl 85,
being engaged with the rack 91, is prevented from
moving toward vhe left; and the pin 82, which
might also be considered a part of the pawl, is
likewise prevented from moving toward the left.
Hence, the only movement of which link 93 is
capable is -clockwise rotation about the pivot 92.

With the linkage in the position shown in Fig-
ure 4, the pin 94 lies slightly above the bottom
of its arcuate path about the pin 82; the bottom
being considered as the point at which g line
drawn through the centers of the pins 53 angd 94
1s tangent to the circular path of the pin 94 about
the pin 92. Accordingly, a force toward the left,
applied by the operating lever 54 to the pin 94,
catises the latter to ride down its arcuate path
about the pin 92 until the notch §9 passes g can-
terline drawn through the notch %7 and pin 94.
When this happens, the-spring ‘58 snaps the link -
§3 down to the counterclockwise position limited
by pin 89, as shown in Figure 5, and spring §6 now
exerts a force on the outer end of the pawl tend-
ing to urze the same away {rom the rack §f. The
1ip 80 of the pawl is held by the tooth of the rack,
however, and is thus prevented from rmoving
away from the latter.

From the foregoing explanation, it will be seen
that the spring 83, acting on the sliding rack 88,
exerts g spring force bhack througn the actuating
sysvem when the latter is locked, causing a spring
pressuire to be exerted on the cbject A by inse
movable hook member ‘51 when the control foree
has been relaxed and the mechsasnism is locked.
When in the locked condition just described, the
actuating mechanism 33 is relatively immovable,
and the force of the spring 83 is, in effect, applied
directly to the bell crank 44 at a moment arm
equal to vhe distance between the cenier of the
pivot 43 and the pitch line of the teeth in the
rack. Since this moment arm is about one-fourth
of the moment arm of the movable hook member
91, measured from the pivot 43 to the object A,
a fifty~-pound force exerfed by spring §2 on the
rack 66 results in a twelve and one-hglf pound
pressure by member 51 on the object A. This is
considered adeguate for most purposes.

The next step in the operating cycle might be
termed the unloeking step, and this is shown in
Figure 6. When the amputee wishes to release
the object A, he shriigs the harnessed shoulder
again, applying another force to the control wire
33, which exerfs a counterclockwise Torgue on
the operating lever 54. Again, since the bhell
crank member 44 and movable hook member 51
are limited against further cleckwise rotation by
their engagement with the unyielding object A,
the only relative movement possible in the sys-
fem is counterclockwise rotation of the operat-
ing Jever B4 with respect to the bell crank mem-
ber, which is permitted by virtue of the sliding
movement of rack o8 against the pressure of
spring-83. 'This limited rotation of the cperating
lever causes the lip 98 of the pawl 86 to be lifted
clear of the teeth of rack 91, so that the spring
96 is enabled to snap the pawl up to the position
shown in Figure 6. Upward movement of the
pawl is limited by its engagement with the shoul-
der 55 at the bottom of the slot in the operating

-
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The locking pawl 86, being now disengaged
from the rack 91, no longer prevents clockwise
rotation of the operating lever 54, and the lever
is accordingly rocked in a clockwise direction by
the spring Tl until the toothed sector 65 disen-
gages and clears the testh of the rack 6§. The
movable hook member 5! and bell crank 44 are
then returned to their open position by the canti-
lever springs 73. |

In the final phase of the operating cycle, the
locking pawl 88 is reset to its initial condition,
with the lip 88 seated in the notch 189 and urged
by the spring 86 down toward the teeth of the
rack 8{. This occurs as the several parts of the
actuating mechanism approach their normal po-
sitions of rest, and is shown in Figure 7. Clock-
wise rotation of the operating lever 58 under the
urging of spring 74 carries the pawl 86 around
to the left so that the liv 98 thereof engages the
cam face i02. The final portion of the angular
movement of the operating lever with respect to
the bell crank arms 52 causes the Ilip 90 to be
cammed down into the notch 168, and at the
same time, forces the pin 92 to ride down its
arcuate path about pin %4 as 5 center, until the
notch 8§ passes sbove the centerline drawn
through notch 87 and vin 94. The spring 96 then
snaps the link 83 up to its clockwise limited posi-
tion, and the mechanism is now reset to its in-
1tlal condition, in readiness for the next cycle
of operation. -
- Those gkilled in the art will readily appreciate
the many advantageous features of the hook
described hereinbefore. The fast-motion, Iow-
mechanical-advantage prevailing in the system
during the initial no-load closing movement of
the hook enables the hook to he closed rapidly
with a minimum of muscular effort at the har-
nessed shoulder.
the object and a higch mechanical advantage be-
comes desirable for the purpose of obtaining g,
firm grip on the object, the mechanism shifts
automatically to a slow-travel. high-mechanical-
advantage condition. The self-locking feature,
with spring pressure applied to the movable hook

member when the actuating mechanism is locked, -

and the provision of mesns for unlocking the
mechanism responsive to the next succeeding
application of force to the control wire 30, will

likewise be recognized as important advantages. ;

Ancther highly desirable feature of the inven-

tion is the fact that the spring 83 allows the

arcuate rack 86 to yield slightly ynder excessive
loads, which permits the hook 51 to open suf-

ficiently to release its gripin an emergency. ‘This ;
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a thin-walled shell 112 of aluminum or other light;
welght material, which is attached in any suitable
manner to the base {if around the periphery
thereof. The shell {12 is preferably divided into
front and back halves for convenience of manu-
facture; the front half being removed in the
drawing to show the mechanism in the interior.
At the outer end of the hand are movable fin-
gers 113, 114, 115 and ({6, each of which is jointed
intermediate its ends for articulation. The
proximal ends of fingers {13 and {{4 are fixedly
mounted on a transverse shaft 120 which is ro-
tatably supported on the back half of the shell
1I12 by suitable bearings (not shown). The
proximal end of finger {15 is fixedly mounted on
another shaft 121 coaxial with shaft 120, and
the forefinger {{6 is rotatably mounted on the
shaft 120 for independent movement with respect
thereto. Shaft (21 is rotatably supported in
suitable bearings (not shown) and is coupled to
shaft 120 by a friction clutch {22, TFingers {15
and {18 are manually closed by the actuating
mechanism 33a through the agency of a linkage
system which will be described presently; while
the outer two fingers 113 and ({4 are closed by
the torque transmitted to shaft (26 through the
friction clutch {22. Thus, the principal gripping
force applied by the fingers to an object held in
the hand is that exerted by fingers {{5 and (18,
and the force exerted by fingers 113, 114 is rela-
tively insignificant, being limited by the torque
capacity of the clutch i22. |
- Projecting from the proximal ends of the fin-
gers 119, 116 are ears 123 and 124, to which links
120 and 126 are connected. The links {25 and
126 are pivotally connected to opposite ends of
a transversely disposed equalizer bar {36, and the
latter is connected at its midpoint to g link i31.
The link i31 is connected, in turn, to a bifurcated
lever arm {32 which is fixed on a shaft {33. The
shaft 133 is journaled in a bracket {24 mounted
on the back half of the shell 12, and one end
of the shaft projects laterally beyond the bracket
and has an arm {35 fixed thereto. Pivotally con-
nected at 136 to the outer end of the arm {35 is
a link 140, the lower end of which is provided
with a yoke 138§ that passes down over the outer

~ sides of both of the arm portions 52¢ of the bell

prevenis injurious shock loads from being trans-

mitted back to the arm of the wearer, and 3lso
safeguards the hook mechanism against damage.
The spring 83 thus serves as a load limiter, in
addition to its spring-lcading function.

Figure 8 illustrates another embodiment of the
invention, showing the manner in which the pre-
viously described actuating system with its force
multiplier action may be modified slightly to per-
mit its use in an artificial hand to actuate the
fingers thereof. In this embodiment, parts which
are similar to those of the preceding construction
are given the same reference numerals, with the
sufiix “a” added.

The hand is designated in its entirety by the
reference numeral {{J, and comprises g base {i!
having coupling flanges 20¢ on the back side
thereof which are adapted to be engaged in the
companionate grooves of the attach plate. The
main body portion of the hand may be formed as

b0
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crank member 44¢. In this embodiment, the pin
93a projects beyond the arms 52¢ and its ends
are received within aligned holes in the yoke {39.

The actuating mechanism 33q is substantially
the same as that in the preceding embodiment,
with the exception of the bell crank member 44q
which terminates just beyond the notch 72¢ that
anchors the spring 7i¢. The connector 32q (re-
ferred to in the claims as the control member) is
connected by a link 68¢ to one end of an operat-
Ing lever 54¢ which is pivoted at 53g on the arms
92a of the bell crank member 44a. At the outer
end of the operating lever 54q is a toothed sector
65¢ which is adapted to mesh with an -arcuate

rack 66q that is slidably mounted on a curved -

face 80a of a post 85a. As in the prior example,

the rack 66¢ is urged downwardly by a bowed

leaf spring 83a¢, and the toothed sector 65g is
urged out of engagement with the teeth of rack
66a by a spring Tia. A locking pawl 88a is con-
nected- with the operating lever 5&aq by a link
(not shown) similar to the link 93 of the hook
actuating mechanism 33, and the wedge-shaped
lips 99¢ of the pawl is engageable with an arcu-
ate rack 91a. A bowed leaf spring 88a is seated
at one end in a notch in the pawl 26ga, and gt the
other end engages the link corresponding to 93,
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to urge the same to one or the ofher of two posi-
tions, asdeseribed earlier.

The action of the operating mechanism 33a is
identical to that of the previous example. When
the hand is mounted- on the:attach plate at the
write- of an artificial arm; the connector 2Zg is
connected to the coupling member 25 at the end
of the Bowden cable control wire 38, and a shrug
of the harnessed shoulder causes a pull to be ap-
plied t0 the member 52¢. The force exerted on
the member 32q is transmitted by link Efa to the
operasing lever §fg and bell crank 44q. As long
as the force required to rock the bell crank §4c
about its pivot 43¢ against the pressure of springs
13¢ is less tham the force exerted by spring iia
against the sector £3a, the operating lever 54a
remains stationary with: resnect to the bell crank
Adq. and the latter rocks on its pivot 43a as
though connected directly to the link §¢a: This
gives the fast-motion, low-mechanical-advantage
action during the no-load portion of the bell
crank’s travel. Wihen the load on the bell crank
&4qa is increased to the point where the spring ila
is overcome,; the toothed sector §5a engages the
rack 68a, and the lever 54a thereafter functions
as a fulcrumed lever, giving the system: a. slow-
travel and high-mechanical-advantage action,
whereby the fingers are enabled to close with a
powerful grip on any object held thereby. |

The actuating mechanism 33¢. is. operatively
connected to the fingers by the yoke {138 and its
associated linkage. As the cuter ends of the bell
crank arms 52¢ swing downwardly, the yoke {39
and link 148 are pulled down with if, rocking the
shaft {33 and causing the outer end of the lever
arm {232 to swing downwardly. 'This pulis the
link {31 downwardly, which causes the equalizer
bar {39 to exert an equalized pull on both of the
links 125, 126. Link {25, being connecied: to
finger {15 which is fixedly mounted on the shait
{21, causes the said finger to close and the shait
to rotate.. Link 126, which is connected to finger
[ {8, causes the latter to close at the same rate
as finger |15 as long as. there is no load, or the
lcad is equally distributed between them. Since
shaft 120 is connected to shaft 121 by the friction
clutch 122, fingers ({2 and ({4 are likewise closed
in unison with fingers 115 and {6 as long as
there is no load on any of the fingers. However,
if either of fingers (15-or 116 is loaded more
than the other, the equalizer bar {38 enables the
fingers to move relative to one another until the
Ioad is equalized: such relative movement being
permitted by virtue of the pivotal connection of
finger {16 to the shaft {21. Fingers {13 and {14
are permitted to yield under load by the slippage
of clutch 122 when the torque capacity of the
Iatter is exceeded. |

The distal ends of fingers 113, {14, {15, and {16
may be connected to the back shell {12 of the
hand by cross-over links 145 In a manner well
known in the art, so that the fingers are flexed
at the same time that they are closed.

The thumb (46 may be of any desired con-
struection, and may be either passively positioned,
as in the case of the illustrated hand, or manual-
Jly operated. For the sake of simplicity, I have
shown a rigid, one-piece thumb {46 that is pivot-
ed at 147 on a bifurcated bracket 148 projecting
radially from a turn-table {88. The turn-table
{50 is rofatably connected by a pin 151 to 2
ledge 152 that extends laterally from the back
side of the post 38%a. Suitable friction means

may he interposed between the thumb 146 and

bracket 148, and between the turn-table 150 and
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ledge 152, to provide & cerfain amount of resist-
ance to angular movement about each of the
pivots (4T and 1o1.

From the foregoing, it will be seen that the
prinicples of the invention can be utilized with
equal advantage in. either a hand or hook, the
only differences being in the manner of trans-
mitting the output force of the actuating sysitem
to the movable gripping membpers. In the one
instance, the gripping member is simply a pivoted
hook: whereas in the other case, the gripping
members- consist of a plurality of individually
movable fingers which are connected together to

move in unison. The actuating mechanism 334
might also be utilized Iin any other form of hook
or ‘hand mechanism, and is not limited to the spe-
cific constructions snhown.

While I have shown and desecribed in consider-

able detail what I believe to be the preferred
form of my invention, it is to be understood that
such details are not restrictive, and that various
changes may be made in the shape and arrange-
ment of the several parts without departing from
the scope of the invention, as defined in the ap-
pended claims.

I claim:

1. In an artificial hand or hook having a mov-
able gripping member, actuating means con-
nected to said gripping member to operate the
same, sald actuating means including s pivoted
meamber having an arm projecting radially from
its axis of rotation, an operating lever pivoted
on the outer end of said arm and extending in-
wardly toward said axis, said operating lever
being engageable with a substantially stationary
element when rocked in one direction, a spring
urging said operating lever in the other direc-
tion for holding the same out of engagement
with said stationary element, a control mem-
ber connected 1o said operating lever in a.manuner
wherebhy the application of a force by the control
member tends to rock the operating lever in said
one direction against the pressure of said spring,
said movable gripping member being closed with
a fast travel and low mechanical advantage as
Iong as the torque on said operating lever due {1
the vpressure of said spring exceeds the toraue
due to the force exerted by said control member,
and when the torgue due to the force of said
control member exceeds the torque due to said
spring, said operating lever is rocked into engage-~
ment with said stationary element, giving a ful-
crumaed lever action on the outer end of said
arm, whereby said movable gripping member is
thereafter closed with a slow travel and high
mechanical advantage, a link pivoted interme-
diate its ends on saild operating lever, stops for
iimiting the angular movement of said link be-
tween a first position and a second position, a
locking pawl connected to one end of said link
angd extending around to the opposite side of the
pivol point thereof, an arcuate rack projecting
laterally from said movable hook member, said
rack being engageable by the free end of said
pawl, a spring bearing against the other end cf
said link and against the free end of said pawl,
said last-named spring being operative to urge

said free end of the pawl into engagement with

said rack when said link is in said first posicion,
and out of engagement therewith when said link
is in said second position, said link being initialily
disposed in said first. position while said movable
sripping member is being drawn tight on an ob-
ject, whereby said pawl is ratcheted over sald
rack and engages one of the teeth thereol when
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the force exerted by said control member is re-
laxed, said pawl and said link thereafter holding
said operating lever in the position occupied by
the latter when said control member was relaxed,
whereby said movable gripping member is locked
in closed position, said link being moved to sald
second position when said control member is re-

iaxed, wherehy the next succeeding application '

of force by said control member causes said pawl
to be lifted out of its seating engagement with
said rack, allowing said last-named spring to
move said pawl clear of the rack and releasing
said operating lever, said operating lever -being
moved out of engagement with said stationary
clement by said first-named spring, permitting
said movable gripping member to open, and
means engageable by said pawl for moving the
same in a direction to cause sald lmk to return
to gaid first position.

2. In an artificial hand or hook having a base
and a movable eripping member, actuating means
connected to said gripping member to operate
the same, said actuating means including a piv-
oted member having an arm projecting radially
from its axis of rotation, an operating lever piv-
oted on the outer end of said arm and exXtending
inwardly toward said axis, said operating lever
having a toothed sector projecting -outwardly
from its pivot support, an arcuate rack mounted
on caid base and engageable by said tocthed sec-
tor, said rack having its center of curvature on
said axis of said pivoted member, a force-trans-
mitting control member connected to said oper-
ating lever, spring means connected to sald op-
eraving lever to apply a torque thereto opposing
the torque exerted by said control member, said
spring means being operable to hold said toothed
sector normally out of engagement with said
arcuate rack, whereby said movable gripping
member is closed with a fast travel and low me-
chanical advantage by virtue of the direct appli-
cation of force of said control member to said arm
as long as the torque of said spring means on
said operating lever exceeds the torque of said

control member thereon, and when the torque .

on said operating lever produced by said control
member exceeds the torque produced by said
spring means, said toothed sector is moved into
engagement with said arcuate rack, giving a ful-
crumed lever action on the ocuter end of said
arm, whereby said movable gripping member 1s
thereafter closed with a slow travel and high
mechanical advantage, an arcuate rack mounted
on said pivoted member, a locking pawl supported
at one end on said operating lever and engage-
able at the other end with said jast-named arcu-
ate rack to hold the operating lever in its posi-
tion of maximum de
control member ig relaxed, a spring having one
end engaging said other end of said pawl, and
imeans acting on the other end of said spring to
" move the same alternately from one to the other
of two positions each time said control member

Jection when the pull on said

10

15

20

25

30

35

40

50

bd

GO

is operated, said spring being operable to urge

said pawl into engagement with said last-named
arcuate rack when sdaid other end thereof is atb
one of said two positiocns, ang to urge the pawl
out of engagement with the arcuate rack when
at the other of said two positions:.

3. In an artificial hand 6r hook having a base

and a movable gripping member, actuating means
connected to said gripping member to operate the
same, said actuating means including a pivoted
member having an arm projecting radially from

6D

its axis of rotation, an operating lever pivoted 76

14
on the outer end of said arm and extending
inwardly toward said axis, said operating lever
having a toothed sector projecting outwardly
from its pivot support, an arcuate rack mounted
on said base and engageable by said toothed sec-
tor, said rack having its center of curvature on
said axis of said pivoted member, a force-trans-
mitting control member connected to said oper-
ating lever, a spring connected to said operating
lever to apply a torque thereto opposing the
torque exerted by said control member, said
spring being operable to hold said toothed sec-
tor normally out of engagement with said arcuate
rack, whereby said movable gripping member is
closed with a fast travel and low mechanical ad-

vantage by virtue of the direct application of
force of said control member to said arm as long

as the torque of said spring on said operating
lever exceeds the torque of said control member
thereon, and when the torque on said operating
lever produced by said control member exceeds
the torque produced by said spring, said toothed
sector is moved into engagement with said arcu-
ate rack, giving a fulcrumed lever action on the
outer end of sald arm, whereby said movable
gripping member is thereafter closed with a silow
travel and high mechanical advantage, and re-
leasable locking means operatively connected to
said actuating means for locking sald movable
ocripping member in closed position when the
force exerted by said control member is relaxed,
said locking means comprising a link pivoted in-
termediate its ends on said operating lever, a
locking pawl pivoted on one end of said link and
extending around to the opposite side of the pivot
axis thereof, a rack on said pivoted member en-
gageable by the free end of said pawl, and a
spring bearing against the other end of said
link and against the free end of said locking
pawl, said link being operable to move said
Spring alternately between a position wherein
the pawl is urged into engagement with said
rack and another position wherein the pawl is
urged away from said rack.

4. In an artificial hand or hock having a base
and a movable gripping member, actuating means

connected to said gripping member {0 operate

the same, said actuating means including -a piv-
oted member having an arm projecting radially
from its axis of rotation, an operating lever piv-
oted on the outer end of said arm and extending
inwardly toward said axis, said operating lever
having a toothed sector projecting cutwardly from
its pivot support, an arcuate rack mounted on
said base for limited sliding movement along its
arc of curvature and engageable by said toothed
sector, said rack having its cenver of curvature
on said axis of said pivoted member, a spring act-
ing on said rack 1o urge ihe same in one direc-
tion to the extremity of its travel, a force~frans-
mitting control member connected to sald oper-
ating lever, another spring connected to sald op-~
erating lever to apply a torque therets opposing
the torque exerted by said control member, said
last-named spring being operable to hold said
tocthed sector normally out of engagement with
said arcuate rack, whereby said movable grip-
ping member is closed with a fast fravel and low
mechanical advantage by virtue of the direct ap-
plication of force of said control member to said
arm as long as the toraue of said last-named
spring on said operating lever exceeds the torque
of said control member thereon, and when the
torque on said operating lever produced by said
control member exceeds the torque produced by
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said spring, said toothed sector is moved into en-
gagement with said arcuate rack, giving a ful-
crumed lever action on the outfer end of said arm,
whereby said movable gripping member is there-
after closed with a slow travel and high mechan-
ical advantage, said toothed sector being opera-
tive tg move said arcuate rack in the directicn
against the pressure of said first-named spring,
thereby causing the spring to be compressed, and
locking means connected to said coperating lever
for holding the same 1n the position of maximum
deflection when the force exerted by.said con-
trol member is relaxed, whereby said movable
gripping member is Jocked in closed pesition, the
pressure of sald first-named spring against said
arcuate rack acting on said arm of said pivoted
membper through the toothed sector of said on-
erating lever io cause said movable gripping
member to exert g spring-pressure on the ar-
ticle gripped thereby.

5. In an artificial! hand or hook having a base
and a movable gripping member, actuating means
connecited to sald gripping member to operate
the same, said actuating means including a piv-
oted member having an arm projecting radially
from its axis of rotation, an operating lever piv-
oted on the outer end of said arm and extend-
ing inwardly toward said axis, said operating
lever having a toothed sector preiecting out-
wardly from its pivot support, an arcuate rack
“having its center of curvature on said axis of said
pivoted member, said rack being mounted on
sald base for limited sliding movement along its
arc of curvature, and being engageable by said
toothed sector, a spring acting on said rack to
urge the same in one direction fto the extremity
of its travel, a conftrol member connected to said
operating lever, another spring connected to said
operating lever to apply a torgue thereto oppos-
ing the torgue exXerted by said contro! member,
said last-named spring being operable to hold
said toothed sector normally out of engagement
with said arcuate rack., whereby said movable
gripping member is closed with a fast travel and
low mechanical advantage by virtue of the direct
“agpplication of force of said control member to said
arm as long as the torque of said last-named
spring on said operating lever exceeds the torque
of said control membper thereon, and when the
torque on said cperating lever produced by said
control member exceeds the torgue produced by
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sald spring, said toothed sector is moveg into

engagement with said arcuatbe rack, giving a ful-
crumed lever action on the outer end of said
arm, whereby said movable gripring member is
thereafter closed with a slow travel and high
mechanical advantage, said toothed sector being
operative to move said arcuate rack in the other
direction against the pressure of said first-named
spring causing said spring to be compressed,
means responsive to the relaxation of the force
exerted by said control member for locking said
operating lever against angular movement with
respect to sald arm, whereby said movable grip-
ping member is locked in the closed pesition, the
pressure of said first-named spring against said
arcuate rack acting on said arm of said pivoted
member through the toothed sector of said op-
erating lever to cause said movable grippineg mem-
ber to exert a spring-pressure on the srticle
gripped thereby when the force exerted by said
control member is fully relaxed, and mesns re-
sponsive to the next succeeding application of
force by said control member for releasing said
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locking means to permit said movable gripping
member to open.

6. An artificial arm hook comprising a base
having a stationary hook member rigidly fixed
thereto, a movable hook member niveted on said
base for swinging movement toward and away
irom said stationary member, actuating means
including an arm projecting radially from said
movable hook member adjacenft the axis of rota-
tion thereof, an operating lever piveted on the
outer end of said arm and extending inwardly
toward said axis, said operating lever being en-
gageable with a substantially stationary element
on said base when rocked in one direction, a
spring urging said operating lever in the other
direction for holding the same out of engagement
with said stafionary element, a control member
connected to said operating lever in a manner
whereby the application of a force by the con-
trol member tends to rock the operating lever in
said one direction against the pressure of said
spring, said movable hook member being closed
with a fast travel and low mechanical advantage
as long as the torque on said operating lever
due to the pressure of said snring excesds the
torque due to the force exerted by said control
memper, and when the torgue due to the force of
sald control member exceeds the tordue due to
sald spring, said operating lever is rocked into
engagement with said stationary element, ziving
a fulcrumed lever action on the outer end of said
arm, whereby said movable hook member is
thereaiter closed with a slow travel and high me-
chanical advantage, a link pivoted intermediate
its ends on said operating lever, stops for limit-
ing the angular movement of said link between
a. 1irst position and a second position, a pawl con-

nected fo one end of said link and extending

around to the opposite side of the pivet point
thereof, an arcuate rack projecting laterally from
sald movable hook member, said rack being en-
gageable by the free end of said pawl, a spring
bearing against the other end of the said link and
against the free end of said pawl, said last-named
spring being operative t0 urges said free end of
the pawl into engagement with said rack when
said link is in said first position, and out of en-
gagement therewith when said link is in said
secend position, said link being initially disposed
In said first position while said movable hock
member is being drawn tight on an object, where-
by said pawl is ratcheted over said rack and en-
gages one of the teeth thereof when the force ex-
erted by said contrcl member is relaxed, said pawl
and said lnk thereafter holding said operating
lever in the position occupied by the latter when
sald control member was relaxed, whereby said
movable hook member is locked in closed posi-
tion, said link being moved to said second POSI-
tion when said control member is relaxed, where-
by the next succeeding application of force hy
said control member causes szid pawl to be lifted
out of its seating engagement with said rack,
allowing said last-named spring to move said
pawl clear of the rack and releasing said oper-
ating lever, said operating lever being moved out
of engagement with said stationary element by
sald first-named spring, permitting szid mov-
able hook member to open, and a cam surface on

sald rack engageable-by said pawl as said oper-

ating lever approaches its initial position, for
deflecting the free end of the pawl in a direc-
tion causing said link to move to said first posi-
tion.

1. An artificial arm hook comprising a base



2,540,875

17

having a stationary hook member rigidly fixed

thereto, a movable hook member pivoted on said
base for swinging movement toward and away
from said stationary member, actuating means
including an arm projecting radially from said
movable hook member adjacent the axis of rota-
tion thereof, an Ooperating lever pivoted on the
outer end of said arm and extending inwardly
toward said axis, said operating lever having
a toothed sector preojecting outwardly from its

10

pivot support, an arcuate rack mounted on said

base and engageable by said toothed sector, said
rack having its center of curvature cn said gXxis
of said movable hoock member, 5 force~transmit-
ting control member connected to said operating
lever, a spring connected to said operating lever
- 1o apply a torque thereto opposing the torgue ex-
erted by said control membper, said spring being
operable to hold said toothed sector nermally out

of engagement with saig arcuate rack, whereby -

said movable hook member 1s closed with g fast
travel and low mechanical advantage by virtue
of the direct application of force of said control
member to said arm as long as the torque of said
spring on said operating
of said control member
torque on said operating
control member exceeds
sald spring,

thereon, and when the
lever produced by said
the torque produceg by
sald tocthed sector ig moved into

engagement with said arcuate rack, giving a ful- ¢

crumed lever action ou the outer end of said
arm, whereby said movable hook member is there-
after closed with a slow travel and high mechan-
Ical advantage, a link pivoted intermediate its
ends on said operating lever, stops for limiting
the angular movement of said Jink between g first
position and a second position, a paw! connected
to one end of said link and extending around to
the opposite side of the pivot point thereof, an-
other rack engagesable by the free end of said
pawl, a spring bearing against the other end of
sald link and against the free end of said pawl,
said last-named spring being operative to urge
sald free end of the pawl info engagement with
sald last-named rack when sald link is in said
first position, and out of engagement therewith

lever exceeds the torque ¢
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when said link is in said second position, said
Ink being initially disposed in said first position
while said movable hook member is being drawn
tight on an object, whereby said pawl is ratcheted
over sald last-named rack and engages one of the
teeth thereof when the force exerted by sazid
control member is relaxed, said pawl and said
link thereafter holding said operating lever in
the position occupied by the latter when said con-
trol member wag relaxed, whereby said movable
hook member is locked in closed position, said
link being moved to said second position when
sald control member is relaxed, whereby the next
succeeding application of force by sald control
of its seating en-
with said last-named rack, allowing
sald last-named spring to move said pawl clear
of the rack and releasing said operating lever,
sald operating lever being then moved out of en-
gagement with said first-named rack by said
first-nameqd spring, permitting said movable hook
member to open, and means engageable by said
pawl for moving the same in a direction to cause
sald link to return to said first position.

GILBERT M. MOTIS.
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