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HYDRAULIC ARTIFICIAL ARM

Victor O. Wilkerson, Vestal, and Joseph -A. Max
zola, Endicott, N. Y,, assignors to International
Business Machines Corporation, New York,
N. Y., a corporation of New York

Application April 4, 1947, Serial No. 739,318
11 Claims. (CL 3—12)

This invention relates to an artificial hand and
arm and its general object is to provide a device
of this kind which will imitate closely the prin-
cipal movements of & natural hand and arm.

A particular object of the invention is to pro-
vide a device of the kind described including a
gripping means actuated by a foot motion.

A further object is to provide an artificial hand
and arm including means for pronation and supi-
nation of the hand,

A still further object is to provide an artificial
hand and arm having a plurality of different
kinds of motions, the power therefore being sup-

plied by foot motion, and the kind of motion be-

ing selected by shoulder shrugging.

Another object is to provide an artificial hand
and actuating means therefore including locking
means to maintain the hand in gripping position
without further muscular exertion.

A still further object is to provide a hydrauli-
cally operated artificial hand and arm including
safety means to prevent excessive pressure in the
system. . :

Other objects of the invention will be pointed
out in the following description and claims and
illustrated in the accompanying drawings, which
disclose, by way of example, the principle of the
invention and the best mode, which has been con-
templated, of applying that principle.

In the drawings:

Fig. 1is a full length front view of an amputee,
illustrating the method of attachment of the

artificial hand and arm and its operating means. ,

Fig. 2 is a partial rear view of the same.

Fig. 3 is a perspective view of a ‘clip for securing
a part of the apparatus to the belt of the amputee.

Fig. 4 is a side elevation of the foot operated
pump and harness therefore.

Fig. 5 is a longitudinal section of the pump.

Fig. 6 is a vertical sectlon through the valve
mechanism.

Fig. 7 is a longitudinal section of the hand.

Fig. 8 is a cross section on the line 8—8 of sec~
tion 7.

Pig. 9 is a sectional view of a portion of a
mechanism shown in Fig. 7, taken in a plane be-
hind that of Fig. 7. It shows the mechanical
locking means of the gripping mechanism.

Fig. 10 is a detail view of the mechanical lock-
ing means shown in Fig. 9, looking at the same
from the side opposite of that of Fig. 9.

Fig. 11 is a side elevation, with parts in section,
of a modified, bulb-operated form of releasing
means for the hydraulic locking means.

Fig, 12 is a perspective view of an artificial arm
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showing the method of associating the bulb there-
with,

The illustrative embodiments of the invention
are hydraulically operated devices designed for
an amputee still having a part of his forearm. A
hand (0 is rotatively mounted upon a supporting
sleeve |1 adapted to slip over the forearm stump.
The sleeve Il is connected by hinged straps 12,
providing an elbow joint, to a2 band 13 adapted to
be buckled around the upper arm. The band 13
is connected by straps (4 to a shoulder harness
15

The system includes a foot operated pump 20
connected to the hand mechanisms by conduit
means including a tube 24, a valve unit 22, and
two tubes 283 and 24. The valve mechanism has
an arm 2§ for operating the valve which places
the tube 21 in communication with either of the
tubes 23 or 24. A second arm 26 controls a check
valve which hydraulically locks the hand actu-
ating mechanism, in a manner to be described
later.  The arm 25 is connected by a cord 271
passing through a loop 28 to a tab 29 on the right
shoulder portion of the harness 5. The arm 26
is connected by a cord 30 to a tab 31 on the left
sleeve of the shoulder harness.
presently that the system provides for grasping
movements and wrist turning movements, which
can be executed successively in such a way that
an object can be grasped and then the hand can
be turned at the wrist while the grasp is re-
talned.

The details of the construction of the hand are
shown in Figs. 7 to 10. A hollow palm member
40 has two grasping elements jointed to it, namely,
a finger element 41 and a thumb element 42.
The finger element is jointed to the palm mem-
ber by a pivotal connection 43 and the thumb
member by a pivotal connection 48. Any suitable
material may be used for these parts, but a flesh
colored plastic material which can be molded to
the proper shape is preferable. The finger ele-
ment can be replica of the four fingers, molded
in one block.

The thumb has rigid therewith a lever arm 45
to which is connected a spring 46 anchored at 47,
which normally holds the thumb in open posi-
tion. The end of the lever arm 45 is pivotally
connected at 48 to a piston 49 operating in a
cylinder 50. The head of the cylinder is rotatably
mounted by a pivot pin §1 upon a bracket 52 se-
cured to the Inside of the palm member 40. The
tube 23 is connected to a nipple 53 communicat-
ing with the space within the cylinder 50. When
the pressure fluid is forced into the cylinder the

It will be seen -
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thumb will rock on its pivot 44 toward the finger
element 4f, tensioning the spring 46. When the
pressure fluid is released the spring will return
the thumb to the position shown in Fig. 7.

The finger block 41 has rigid with it a lever
arm 60 (see Fig. 9) at the end of which a dog
81 is pivoted upon a pin 82.

A spring 63 coiled upon the pivot 43 of the fin-
ger block is anchored at one end upon a station-

ary pin 64 on the bracket 52, while its other end-

bears upon a pin 66 on the dog 61. Another:pin
§8 on the dog £€1{ rides upon a cam lever 8\1 rigidly
fastened to the thumb 42, The dog 61 has a lug
88 engaging the lever arm 60 to limit the rocking
of the dog in one direction. An anchoriné_ mem-
ber 89 is riveted to the bracket 52 and is pro-
vided with teeth 70 adapted to be engaged by the

pointed end of the dog 61, in a manner to be de~- ‘

scribed.
The spring 63 tends to rock the dog 61 clock~

wise about its pivot 62, but the spring 46 is

stronger than the spring 63 and the cam lever
81, upon ‘which the cam follower 68 rides, nor-
mally holds the dog 6! in the counterclockwise
limit of its rocking movement in relation to the
lever arm 60 and, furthermore, rocks the finger
block 41 to its normal open position. When the
thumb 42 is rocked, by hydraulic pressure fluid,
toward the finger block, to grasp an object, the
cam lever 67 rocks toward the wrist and allows
the cam follower 66 to move outwardly along it,
thereby permitting the finger block to be rocked
by the spring 63 toward the thumb. When the
finger block strikes the object and its rocking is
stopped, further movement of the thumb allows
the dog 61 to turn on its pivot 62, under the in-
‘fluence of spring 63, and engage the teeth 70
of the anchoring device 69. This locks the fin-
ger block against’ movement away from the
thumb. In effect, the finger block becomes rigid
with the palm member, against the grasping
force of the thumb. When the hydraulic pres-
sure is released and spring 46 moves the thumb
outward, the cam lever 61 first rocks dog 61 out
of engagement with anchoring member 69, then,
when lug 68 strikes lever arm 60, rocks the finger
element toward open position.
- A particular object of the invention is to pro-
vide pronation and supination movement of the
‘hand. The construction shown in Figs. 7 and 8
accomplishes this result. A barrel 81, is clamped
to the base portion 88 of the palm member by a
nut 82. The barrel extends through a wrist sec~
tion 83 of the supporting sleeve 11, being mounted
therein by ball bearings 84 and 85 seated in a
bearing housing 86 secured by screws 87 to a
transverse partition 88 of the sleeve 1f. The
lower part of the bearing housing contains a
- bushing 90 in which travels a cylinder 9f. With-
in the cylinder is a piston 92 rigidly mounted on
the bearing housing and having a bore 93
through it. Pressure fluid is supplied through
tube 24 to the end space 94 of the cylinder 8f.
The upper side of the cylinder is provided with
rack teeth 95, which are exposed through an
opening in the bushing 90, to mesh with a sector
of teeth 96 on the mid-section 97 of the barrel
81. A spring 98 surrounding a cylindrical portion
of the bearing housing has one end 89 anchored
in a hole in the bearing housing and the other
end 100 extending into a hole in the base portion
80 of the palm member 40. In the normasal con-
dition of the spring the hand is in the prone po-
sition shown in Figs. 1 and 2. When pressure
fluid is forced into the cylinder 91 and moves the
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latter to the left in Fig. 8, the hand rotates to
8 supine position, its movement being limited
by a screw (0§ extending through the bearing
housing into the gap between the ends of the
sector of teeth 96. The tube 23 extends through
the hollow of the barrel member 8f, into the hol-
low space of the sleeve I{. The tubss 23 and 24
turn out through holes 102 in sleeve {1 and run
along the outside of the sleave, curving under the
arm pit to connect with nirples 185 and 106
(Fig. 6) on the valve unit 22. )

Turning now to Figs. 4 and 5, the foot oper-
ated pump 20 comprises a cylinder 110 in which
travels a piston {11. The piston has rigidly se-
cured thereto a sleeve (12 slidably receiving a
rod 118, the lower end of which rod has a ball

- and socket connection (14 to a fastener {15 se-
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cured to a heel plate 118. The heel plate {16 is
connected by a strap ({T to an ankle plate (18
attached to the leg by straps 119 and 120. The
cylinder 110 is pivotally supported at its upper
end by a bracket 21\ on the plate 118, Within
the tube {12 is a short rod 122 fixed to the piston
{11.. The rod 122 normally rests upon the end
of the rod 113, and holds the piston {{} in the
dotted line position Itia in Fig. 5, when the foot
is in the normal position. The piston can move
down to the full line position, when the foot is
cocked up to the angle shown in Fig. 4, or it can
be moved up to the dot and dash line position
f 11D, by pointing the toe downward. The opera-
tion of the pump will be described a little later.

The tube 2( is connected to a nipple 130 (Fig.
6) on the valve unit 22, which leads into a cham-
ber 131. At the exit from the chamber i3] into
a chamber 132 is a valve seat upon which a check
valve 133 is pressed by a spring 34. Tha spring
134 is held down by a screw cap 135. The cham-
ber 132 is in communication with a cross channel
136 at the center of which is located a valve bush-
ing 131. A valve 138 in said bushing has ducts
139 and {40 providing selective communication
between a port 144 in the valve bushing, which
lies within the cross channel (36, and any one
of three ports {42, 143 and {44. The port {42
opens into a filling hole 145 closed by a screw 146.
The port {43 communicates with nipple 106, to
which is attached the tube 23. The port 144 opens
into a chamber communicating with the nipple
108, to which is attached the tube 24. When the
pressure fluid is forced by the pump 208 through
the tube 21 and past the check valve 133, it is
directed by the valve 138 either through the tube
23 to the cylinder 50 in the palm of the hand,
which actuates the grasping elements, or it is
directed through the tube 24 to the cylinder 94
in the wrist, which rotates the hand to the supine
position. The angular position of the valve 133
is controlled by the arm 25, which is t:lted up-
ward to the position shown in Fig. 11, by shrug-
ging the right shoulder and thereby pulling the
cord 21. The valve 138 is restored by a spring
{47 to a normal position in which the fluid is
forced through the tube 23 to execute the grasp-
ing action. When the right shoulder is shrugged
and the foot pump is operated, the fluid is forced
through the tube 24 to rotate the hand. Fig. 6
shows the valve in the filling position, to whih
it can be turned by rocking the arm 25 down
from a horizontal position.

‘When the pressure fluid is forced into either
of the cylinders 50 or 91, the check valve {33
locks the fluid in them. Means are provided to
release the check valve, to permit the pressure
fluid to return out of the cylinders 50 or 8. For
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" this purpose a plunger 180 is slidably mounted
in the valve casing, in position to be pressed
against the valve 133, to raise it from its seat.
The plunger {60 is normally held down by a

spring 161 inserted hetween the head 162 of the

plunger and the top of the chamber {83 contain-
ing the spring. A lever rockably mounted by
its shaft 164 in the valve casing has an arm (65
bearing against the plunger head 162. The arm
‘26 is fixed to the shaft 164 and can be rocked
by shrugging the left shoulder and pulling the
cord 30, to press the plunger 160 up and release
the check valve 133. The head of the plunger
is sealed against the wall of the chamber (83 by
a ring 166. o
An alternative means for releasing the check
valve is the hydraulic device shown on Figs. 11
and 12. A plunger 160 having a head (62, spring
181, and ring 168, is provided, as before. In this
case the chamber (63 is capped by a nipple {67
connected by a tube 168 to a bulb 169. As shown
in Fig. 12, the bulb can be located within the
" sleeve 11, for example, in position to be squeezed
by the forearm stump #70. The bulb (69 and
tube 168 are filled with fluid which presses up
the plunger 160 to release the check valve,
Means are provided to prevent excessive pres-
sure of the fluid on the tubes. Relief valve 150
is pressed by a spring 181 against a valve seat
152, the aperture of which communicates with
the cross channels 136. The spring 151 is com-
pressed by a screw cap 183, The fluid passing
through the valve 182 escapes through a duct
154 into a cylinder 155 containing a piston 156
held up by a spring 157, the piston being dis-
placed accordingly. When the pressure. in the
system is released by operation of the check valve
133, the spring operated piston 56 forces the
liquid past an overflow valve |88 back into the
cross channel 136. . :
The valve unit is provided with a clip 175 of the
form shown particularly in Fig. 3.- The upward
fold 178 of the clip can be fitted over the belt,
while the downward fold 171 provides space for
.the shirt to be tucked in, the valve unit being
-hidden inside the shirt.
The operation of the apparatus is as follows:
Assume that the amputee is standing with his
foot flat on the ground and that he wishes to

grasp an object. The piston of the foot pump 5

at this time is in the position (1ia and the valve
138 is in the position with the arm 28 horizontal
and the port 140 providing communication be-
tween the.channel 136 and the tube 23. The
check valve 133 is released by shrugging the left
shoulder and the foot is cocked to the position
shown in Fig. 4. This draws the rod {12 down
and allows the piston {1 to descend to the full
line position of Fig. 5, the top of the cylinder (10
being filled with fluid entering through the pipe
21 from the upper part of the system.

Thé left shoulder is now dropped to the nor-
mal position, allowing the check valve 133 to
close and the foot is moved down toward the hor-
izontal position. This forces fluid from the cyl-
inder (18 through the valve unit and tube 23
to the cylinder 80 in the palm of the hand. The
thumb and finger elements rock toward each
- other and by continued movement of the foot
after first contact is made with the object, the
grasping pressure can be made as strong as de-
sired, up to the limit allowed by the overflow de-
vice in the valve unit. If the foot is moved still
further, overflow liquid passes into the cylinder
155, depressing the piston 186 against the force
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of spring I81. The check valve {33 locks the
Pressure fluid in the cylinder 80 and maintains
the grasp without further effort by the foot.

It it'is now desired to move the hand to the

supine position, the right shoulder is shrugged
and the valve 138 is rocked to the position in
which channel 139 connects cross channel {36
with the port 144, which communicates with the
tube 24. Rotation of the hand at the wrist will
now occur in response to the fluid flowing out of
the reservoir cylinder 155 through the valve and
tube 24, into the cylinder 84. Further rocking
of the foot may be required to supply enough
pressure fluid to complete the desired movement
of the hand. The check valve again locks the
Pressure fluid in the cylinder 81 and maintains
the hand in the supine position, against the
force of the spring 98. .
- If the amputee now wishes to walk, he points
his toe downward, forcing the piston 1§ up to
the position f11b in Fig. 5, the excess fluld pass-
ing into the overflow cylinder 158 and being
locked therein by the check valve 133. The foot
is now free to execute all the movement required
in walking, the rod (13 simply sliding in and
out of the tube 112, while the piston I{{ remains
at the upper end of the cylinder {190.

The hand can be restored to the prone position
by shrugging both shoulders at once, thereby
connecting the tube 24 through the valve unit
with the tube 2t and releasing the check valve
133 at the same time. The grasp can be released
by shrugging the left shoulder alone, whereby

" -the check valve 133 is opened while the tube 23

-
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Is placed in communication with the tube 2{
through the valve unit. As the pressure fluld
flows out of the hand operating cylinders into
the pump cylinder {10, the piston 11! moves down
as far as permitted by the position of the rod
113 at the time. o

The movements of the hand are derived from
limited movements of the foot. It is desirable to
reduce as far as possible the demands of the

. grasping movements of the thumb and finger ele-

ments on the pressure fluid supplied from the
pump. This is accomplished, in accordance with
the present invention, by the construction of the
grasping mechanism, which utilizes the force of
& spring to move the finger block up to the point
where it makes contact with the object to be
grasped, the pressure fluid being used only to
move the thumb. If the hydraulic mechanism in
the palm were required to operate the finger ele-
ment directly, in addition to the thumb, it would
consume a considerable amount of the limited
fluid supply, to perform this work, which, in ac-
cordance with the invention, is performed by the
spring 63. ’

The construction just referred to also elimi-
nates the need for a driving ratio change device
to be operated by the other hand.

- It will be observed that the system enables the
wearer to perform such an operation as to grasp
a.suitcase handle, lift it, and walk with it, be-
cause of the check valve which maintains the
grasping pressure, while the foot is freed from
the pump by the sliding connection between the
rod 113 and the piston assembly ({1, (12. It is
also possible, with this device, to grasp an object
and then to turn the hand from a prone to a
supine position while the grasp is maintained by
the locking of the pressure fluid in the tube 23
by the valve 138. Moreover, the maintenance of
grasping pressure is not dependent upon contin-
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ued muscular exertion, but is taken care of by the
check valve or the control valve.

" While there have been shown and described
and pointed out the fundamental novel features
of the invention as applied to two preferred em-
bodiments, it will be understood that various
omissions and substitutions and changes in the
form and details of the device illustrated and in
its operation may be made by those skilled in the
art, without departing from the spirit of the in-
vention. If is the intention, therefore, to be lim-
ited only as indicated by the scope of the follow~
ing claims.

Whatis claimed is:

1. In an artificial hand, a palm member, two
grasping elements jointed thereto, expansible hy-
draulic means anchored at one end to said palm
member and at its other end to one of said grasp-
ing elements, for rocking the latter, impositive
means for rocking the second of said grasping
elements toward said first grasping element, and
means for locking said second grasping element
to said palm member.

2. An artificial hand as described in claim 1,
wherein means are provided to control the move-
ment of said second grasping element in accord-
ance with the position of said first grasping ele-
ment.

3. An artificial hand as described in claim 1,
wherein means are provided to control the move-
ment of said second grasping element in accord-
ance with the position of said first grasping ele~
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ment, said last means including means to render -

said locking means effective when said second
grasping element is stopped by abutment with an
object, while said first grasping element continues
to rock.

4. In an artificial hand system, a hand com-
prising parts articulated for a plurality of differ-
ent kinds of movements, a plurality of hydraulic
actuating means for said parts to cause said dif-
ferent kinds of movements respectively, foot ac-
tuated fluid pumping means, conduit means con-
necting said pumping means to said hydraulic

actuating means including & valve for directing.

pressure fluid selectively to said hydraulic actu-
ating means, and manlpulatwe means for con—
troiling said valve. .-

5. An artificial hand "’ system as’ described in

claim 4, wherein said manipulative means com-

prises a shoulder harness and means connecting
the latter to said valve.
6. An artificial hand system as described in
claim- 5, wherein the hydraulic actuating means
. for said hand members includes spring return
- means, said conduit means including a check
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valve for locking the pressure fluid against the

action of said spring return means, and manipu-

lative means for releasing said check valve.

7. In an artificial hand and arm, & supporting
sleeve, a-hand including grasping ineans, means
rotatively mounting said hand upon- said sleeve
to. provide pronation and supination of said hand,
separate hydraulic actuating means for rotating
said hand and for operating said grasping means
respectively, a foot-actuated pump, a conduit
means for conducting a fluld from said pump to

8
sald hydraulic actuating means, said conduit
means including a valve for directing the pres-
sure fluid to either of said hydraulic actuating
means, and manipulative means for controlling
said valve.

8. An artificial hand as described in claim 7,
wherein said pump includes a cylinder, a piston
therein, and an actuating rod having only a push-
ing contact with said piston.

9. An artificial hand as described in claim 8,
wherein the manipulative means for releasing
sald check valve comprises a hydraulically oper-
ated releasing device, and a tube and bulb con-
taining a fluld connected to said hydraulic releas-
ing device, whereby sald bulb can be positioned
for application of pressure thereto to exert a
hydraulic pressure on said hydraulically operated
releasing means,

10. In an artificial hand a.nd arm, & supporting
sleeve, a hand including grasping means ro-
tatively mounted on said sleeve to provide prong-
tion and supination movement of said hand,
hydraulic actuating means for rotating the hand
in one direction, yieldable means for rotating said
hand in the opposite direction, fluid pumping
means, and conduit means connecting said pump-

ing means with said hydraulic actuating means,

including a check valve to lock the fluid in said
hydraulic actuating means against the force of
said yieldable means.

11, In an artificial hand system, a mechanical
hand including grasping means, hydraulic actuat-
ing means for the said grasping means, pumping
means consisting of a eylinder and a piston freely
movable therein, a foot-operated element for
moving said piston to force pressure fluid into
said hydraulic actuating means, and conduit
means interconnecting the said actuating means
with the said pumping means including s check
valve for maintaining pressure therebetween, the
sald conduit means including a’ storage device
having a spring-operated piston and cylinder into
which fluid can be forced on passing said valve
by travel of the foot-operated element to an
extreme” position whereby the pressure fluid is
locked by the said check valve.

VICTOR O. WILKERSON
JOSEPH A. MAZZOLA.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,182,214 Sargeson ... .__.._ Dec. 5, 1939
2,429,866 Broste .. ___ Oct. 28, 1947

- FOREIGN PATENTS
Number Country Date

113,923 Great Britain

Mar. 14, 1918
OTHER REFERENCES

Arang, Bosch “Las Amputaciones Cineplastics,”
Buenos Aires, Argentina 1920, page 304, Figure
170.



