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The present invention relates generally to
prosthetic devices, and is more specifically con-
cerned with artificial arms for use in above-the-
‘elbow amputations. The primary object of the
Invention is to provide a new and improved elbow
joint with a locking device therefor, whereby the
forearm can be locked with respect to the upper
arm in any one of a large number of closely
spaced angular positions within the range of its
movement.

Another cbject of the invention is to provide
an elbow locking device which is adapted to be
locked and unlocked by successive downward and
forward shrugs of the shoulder, thereby e'imi-
nating the operating button provided for that
burpose in certain prior artificial arms. The ob-
“Jection to such operating buttons is that they
‘must be pressed or tapped against the body or
some other object in order to lock or unlock the
elbow, which is sometimes difficult or inconven-
ient to do when the arm is in certain positions.
Further, the act of pressing the button to actu-
ate the lock, and the audible tap which usually
accompanies it, draws attention to the wearer's
physical handicap and is a source of embarrass-
ment. With the present invention it is possible,
by an almost imperceptable shrug of the shoul-
der, to operate the lock with the arm in practi-
cally any position, and the wearer is thus en-
abled to perform feats which would otherwise be
impossible to accomplish.

Another object of the invention is to provide
an elbow joint having a positive locking device,
and also embodying friction clutch means per-

mitting the forearm to slip under overload :

stresses or shock loads so as to protect the lock-
ing mechanism against damage and prevent in-
‘Jury to the wearer.

Still a further object of the invention iz the
provision of an elbow joint which is attached to

the upper arm or stump socket by a frictionally-

resisted swivel connection so that the hinge sxis

(CL 3—12)
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can be turned fo give any desired plane of move-

ment to the forearm.
The foregoing and other objects and advan-

those skilled in the art upon consideration of the
following detailed description of the preferred

embodiment thereof, reference being had to the-

accompanymg drawings, in which:

45
tages of the invention will become apparent to .

00

ends - to the shoulder member
-through a ring 29 which is attached by a strap 21

. 2 ’
Figure 1 is a perspective view, taken from be-
hind and to one side, of the artificial arm of the

invention, showing the manner in which it is

worn and the harness for actuating the several
mechanisms thereof;

Figure 2 is an enlarged side elevatmnal v1ew
of a portion of the same;

Figure 3 is a sectional view taken along the
line 3—3 of Figure 2, showing the locking device
in its locked condition;

Figure 4 is another view of the same, showing
the device unlocked;

Pigure 5 is a sectional view taken along the
line 5—5 in Pigure 3; )

PFigure 6 is an exploded view of the elbow as-
sembly; and

Figure 7 is a perspective v1ew of the invention
from the front.

In the drawings, the artificial arm comprises
an upper arm or stump socket 18 and a forearm
shell 11 having a hook 9 mounted . on the lower
eng thereof. The forearm shell {{ is connected
to the stump 'sqcket {2 by the elbow mechanism
of the invention, which is designated in its en-
tirety by reference numeral 2.

Both the stump socket I8 and forearm shell i
are preferably formed of plastic-impregnated
fabric such as knit cotton stockinet which is
drawn over forms and cured in an oven, giving &
rigid, lightweight shell of considerable strength
and rigidity. In the case of the stump socket
18, the uprer end of the form is made from a cast
taken of the stump so as to obtain an accurately
formed impression of the stump and thereby in-
sure a comfortable fit. The stump socket 18 is
held in place on the stump by means of a har-
ness I3 comprising a pair of shoulder members
{4 and I5 which are connected -across the chest
by a strap 1. A strap loop {6 is connected at its
14 and passes

to the stump socket 12 on the outside thereof. A
second strap 22 is also secured at its ends to the

sshoulder member {4 and passes through another
-ring (not shown) on the inside of the stump

socket {0. The two straps 16 and 22 slide freely
through their respective rings on the stump
socket and hold the latier in place on the stump
while at the same time permitting the shoulder
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to be shrugged either forwardly or rearwardly
without restraint from the harness.

In the description which follows of the elbow
12, it is suggested that Figures 3 and 4 be referred
to for the manner in which the several parts are
assembled together and cooperate to perform
their respective functions, while the exvloded
view of Figure 6 will be found helpful in follow-
ing the description of the configuration of the
separate parts.

The elbow 2 comprises a turntable member 25
having a serrated, annular flange 26 which is
embedded in the bottom end of the stummvo socket

_shell 19; being assembled with the latter at the
time the stockinet material is formed over the
mold and cured in the oven. Aftached to the
furntable 25 is a housing 27 which is divided on
its median plane into two halves 28 and 28 hav-
ing cooperating annular flaneges 39 on their abut-
ting edges which are telesconically fitted together
to form an inferlocked assembly. The base por-
tions of the housing sections 28, 29 are each pro-
vided with a pair of tapped holes 31 which re-
ceive fillister head screws 32 that are nassed
through four holes in a circular plate 33 dis-
.posed within the turntab'e 25. The plafe 23 is
preferably made of laminated phenolic sheet and
is seated on an internal annular shouvlder 34
formed on the inside of the turntable. The ad-
joining eund surfaces of the turntable 25 and
hovsing 27 are provided with cvlindrical grooves
to receive an O-rine 35 of neovorene or other rub-
ber-like material which provides a frictional me-
dium between the two membhers. When the

screws 32 are tightened umn, the hownsing 27 is-

.clamped to the turntable 25 with sufficient re-
sistance against turning, bv virtue of the O-ring
.35, to withstand ordinarv loads. However. if it
is desired to turn the elbow so as to give a differ-
_ent nlane of movement for the forearm. the hovs-
ing 27 can be turned in the turniab'e 25 by either
pressing the end of the forearm asgainst a sta-
tionarv obiect, or twisting the housing with the
other hand.

The onposite sides of the housing 27 are pro-:

.vided with parallel, flat surfaces 48 which are
apertired at 41 to receive shouldered bearing
members 42. Extending through the housing 21
and journalled in the bearine members 42 is a
shaft 43 having a central bore to receive a bolt
44. The head of the bolt 44 and the nut 45
threaded onto the other end thereof are seated
in counterbored recesses formed in the owtside
surfaces of plugs 4§ and 47 which are disposed
in opposite ends of the shaft 43, said plugs be-
Jing provided with serrated radial flanges &0
which are seated in commvanionately serrated
holes 5! in side arm portions 52 of a saddle 53.
‘The saddle 53 has a semi-cylindrical body 64
with downwardly projecting arm portions 55 on
opposite sides thereof, said body and arm por-
tions being disposed on the inside of the fore-
arm shell 1! and bonded thereto by the plastic
“material when the shell is formed on the cast and
cured in the oven. Holes 56 are provided in the
body and arm portions of the saddle to obtain
ahg;)lod bond between the saddle and the forearm
shell. )

The plugs 48, 471 are each provided with in-

wardly directed, tapered hubs 60 which are«

seated within tapered end portions 61 in the cen-
‘tral bore of the shaft 43. The tapered hubs of
the plugs 56, 57 provide a frictional cone clutch
connection between the saddle 53 and the shaft
48 so that when the latter is locked to the upper
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- ring gear 63 which is pressed into place.

4

arm by the positive locking device, to be de~
seribed presently, and the forearm shell is sub-
jected to overload or shock stresses, this friction
cluteh connection will permit slippage of the el-
bow joint and thereby prevent damage to the

‘mechanism or injury to the wearer.

Formed integrally with the left hand half 28
of the housing 2T and projecting inwardly there-
from is a cylindrical hub 62, the inner end of
which terminates just short of the center of the
housing and is shouldered to receive an external
The
shaft 43 has a radial flange 64 provided there-
on which is disposed closely adjacent the end of
the cylindrical projection 62, and pressed onto
the periphery of the flange is an external ring
gear 65. The ring gears 63 and 65 are substan-
tially identical in shape and size, having the
same pitch diameter and the same number of
teeth. Meshing with the gears 83, 65 and slidable
axially with respect thereto is an internal ring
gear §6, the width of which is equal to the comi-
bined width of gears 63, 65. Ring gear 66 is
pressed into an annular recess 87 in the flange
portion 15 of a cup-shaped housing T7{. The bot-
tom of the housing 71 is drilled centrally to form
a hole 12, and pressed into this hole is a shoul-
dered bushing 73 which is journalled on and slid-
able axially with respect to the shaft 43. The
housing 7! and associated ring gear 66 are urged
toward the right to the position shown in Figure
3 by a conic spiral spring 74 which seats at one
end against the inside surface of the left hand
housing half 28, and at the other end against the
side of the ring gear 689.

The two external ring gears 63 and 65, and the
internal ring gear 68 cooperate to function as
splined or dog-toothed locking members having
a large number of closely spaced splines or teeth,
so that the forearm is enabled to be locked with
respect to the upper arm in any one of a large
number of closely spaced angular positions in-
stead of the three or four positions which have
heretofore been provided. The shaft 43, which
is connected to the forearm, is adapted to be
locked to the housing 27 on the upper arm by
moving the internal gear 68 so that its teeth mesh

.with the teeth of both of the gears 63, 65, as

shown in Figure 3. In this position, the rotat-
able gear 85 is locked to the stationary gear §3.
The device is unlocked by moving the internal
ring gear §6 axially with the housing Tl to the

_position shown in Figure 4, wherein the ring gear

65 on the shaft 43 is disengaged and thus freed
to rotate with respect to its companionate gear
63. :
Movement of the housing Tl and gear 66 be-
tween locked and unlocked positions is effected
by means of a cam arrangement, designated in its
entirety by the reference numeral 15, and com-
prising an annular flange 16 projecting axially

“from the right hand side of the housing T1 which

is engaged by an oppositely exitending annular
flange 80 provided on a cam member 81. The
flanges 76 and 88 are formed with mating saw-
toothed cam portions 82 and 83 which cooperate

.80 that when the member 81 is rotated with re-
-spect to housing 71, the latter is cammed to the

left against the pressure of the spring T4.. The
crests of the cam teeth 83 are cut off flat fo form
piateaus 84 upon which the relatively pointed
crests of cam teeth 82 bear when the device is in
the unlocked condition shown in Figure 4.

The cam member 31 has a central aperture 85
through which the shaft 43 is passed, and is
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brovided with a radial flange 86 which is seated
for free rotation within an annular recess 80
formed in a ring 9i. An operating lever 82 pro-
jects outwardly from one side of the ring 8¢ and
extends through g slot 88 in the housing section
29. Thering member 91 has a serrated or toothed
inner surface 93 that is adapted to be engaged
by the free end of a pawl 94 pivoted on a pin 88
which is secured in the cam member 8{. The
pawl 94 is disposed between the radial flange 85
and another flange 8§ on the member 8§, which
abuts against the inside surface of the flad por-
tion 40 of the right hand housing section 28, the
free end of the pawl being urged downwardly into
engagement with the toothed surface 93, hy a
U-shaped leaf spring 87 (Pigure 5). One end of
the spring 37 is engaged in a noteh 88 in the pawl,
and the other end bears against the hub of the
cam member §i. The pawl 94 engages the teeth
83 and causes the ring member 8! to drive the
cam member 8f when turned in a counterclock-
wise direction. Clockwise rotation of the ring
member 81, however, causes the pawl to ratchet
freely over the serrations or teeth 93 without
transmitting any driving force to the cam mem-
ber 81. Thus, it will be seen that counterclock-
wise rotation of the ring member 81 with respect
to the housing 7! has the effect of camming the
locking device to the unlocked position shown in
Figure 4, ‘

The ring member 8{ is adapted to be rocked
through a limited angular distance by means of
‘a wire or cord 188 having a fitting 164 attached
to its end which is connected by a pin 182 o the
operating lever 2. The cord {98 passes upward-
Iy along the stump socket {8 through gz guide
loop 83 on the latter and is attached at itg upper
end by a strap {85 to the front of the harness
‘shoulder member 14 adjacent the collar bone of
the wearer. A downward, forward shrug of the
left shoulder (in the case of a left arm amputa-
tion, as shown) causes the distance hetween the
upper and lower peints of attachment of the
strap 105 to lensthen, and produces g pull on the
cord 189 which causes the ring member &1 to be
rocked upwardly in a counterclockwise direction
through sufficient angular distance to raise the
cam teeth 82 to the flat tops 84 of cam teeth £3.

Wkhen the pull on the cord {88 is relaxed, the
ring meember 914 is returned to its original posi~
tion by a coiled torsion spring 188 which sur-
rounds the fianges 78, 88 and is anchored at one
end {04 to the housing 27 and secursd at the
other end {835 in & hele drilled into the ring mem-
ber 81. The spring 103 exerts a clockwise rota-
tional pull on the member 8f which tends to ro-
tate the latter until stopped by engagement of the
lever arm 82 with the bottom end of the slob &%
in the housing 27. . '

To release the locking device, the shoulder is
given another shrug, which pulls upwardly on
the cord 189, rocking the cam member §¢ sufi-
clently to move the cam teeth 82 past the ends of
thie flat plateaus 84 in cam testh 82. The hous-
ing member 1 is then pushed to the right by
spring 74, and the cam teeth 82 drop down into
full contact with cam teeth 88, shifting the ring
_gear 68 back into engagement with both gears 63
-and 85 to lock the elbow, as in Figure 2. When
the cord 159 is released after this second shrug,
the ring member 8{ is again returned by spring
{83 to its original position, with the lever 82 in
the bottom of the slot 89.

The forearm is adapted to be raised with re-
spect to the upper arm by means of an elbow lift
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to raise to the desired position.

6

control cord {10, one end of which is connected
by a strap ([ to the back side of the harness
shoulder member {4 at the lower outside corner
thereof, and the other end of which is passed
through a hole in a lift lever 12 fixed to and
projecting forwardly from the forearm shell i a
short distance below the elbow. The end of the
cord (@ is knotted on the other side of the lever
arm {12, and the cord is of such length that when
the arm is hanging freely at the side of the wear-
er, the forearm is straightened out. To raise the
forearms, the stump socket {9 is swung forwardly,
which has the effect of increasing the length be-
tween the points of attachment at the ends of
the cord t{8. The resulting pull on the cord 118,
acting on the lever arm [12. causes the forearm
If the elbow
joint is locked, it is necessary, of course, to un-
lock the same before the forearm can be raised,
and this is done by shrugging the shoulder down-
wardly and forwardly, as described earlier. A
second shrug of the shoulder causes the elbow
joint to lock again.

The forearm shell il is prevented from swing-
ing rearwardly past its extended position by
means of g radially extending limit stop lug 143
which is formed integrally with the shafi 43 ad-
jacent the left hand end thereof. The lug {13
engages one end of g shoulder or boss 114 formed
on the inside surface of the eylindrical projec-
tion €2 when the arm is straightended out, and
prevents further rearward movement of the fore-
arm.

Control of the hock 8 is obtained by means of
a Bowden cable comprising a. stainless steel flex~
ible conduit {15 which is secured at one end to
the forearm shell {{ by an anchor connection 118,
and at the other end to the harness shoulder
vortion {4 on the back side thereof by anocther
anchor connection 117, A wire {8 exiends
through the conduit ({5 and is slidable thersin,
one end of the wire being fastened to the op-

‘erating lever 119 of the hook, and the other end

of the wire having a fitting 128 attached thereto
which is conrected by a strap 121 to the back side
of the harness shoulder portion 15. Thus, in the
case of a left hand artificial arm, as shown in
Figure 1, the hook 9 would be opened by a for-
ward shrug of the right shoulder.

Among the advantageous features of the in-
vention is the fact that the elbow can be locked
or unlocked by successive shrugs of the shoulder
instead of requiring the wearer to tap or press

an operating button against the side of his hody

or against some other object, which is some-
times difficult or inconvenient to do when the
arm. is raised in certain positions.

Another advantage of the invention is that
the large number of teeth on the gears 83, 65, 66
permit the elbow to be locked in a large number
of angular positions instead of the three or four
provided for in prior devices.

Btill a further advantage of the invention is
that the swivel connection between the housing
21 and turntable 25 permits the elbow joint to he
turned with respect to the stump socket 16 so
as to give any desired plane of movement for
the forearm shell i1.

While we have shown and described in con-

siderable detail what we consider to be the pre-
ferred form of our invention, it is to be under-

stood that such details are merely illustrative
and are not to be taken as restrictive on the
broad scope of the invention as defined in ‘the

75 claims appended hereto.
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Weclaim:

1. In an artificial arm having a stump socket
and a forearm shel, an elbow joint comprising a
housing fixed to said stump socket, a shaft fixed
to said forearm shell and journalled in said hous-
ing, a member fixedly mounted on said housing
concentric with the axis of said shaft and having
a plurality of angularly spaced teeth projecting
therefrom, another member fixed to said shaft
coaxial with and adjacent to said first-named
member and having a plurality of angularly
spaced teeth projecting therefrom, a locking ele-
ment movable axially between a locked position
in engagement with the teeth of both of said
members and an unlocked position in engage-
ment with the teeth of only one of sald mem-
ers, a plurality of angularly spaced, equidistant
cam teeth projecting axially from said locking
element in s circle concentric with the axis of
said shaft, a rotatable cam member coaxial with
said shaft and havinz a companionate circle of
axially projecting cam teeth engageable with the
cam teeth on said locking element to move the
latter alternately from one to the other of said
locked and unlocked positions when the cam
member is rotated a predetermined angular dis-
tance in one direction, and means for rotating
said cam member through said predetermined
angular distance.

9. In an artificial arm having a stump socket
and a forearm shell, an elbow joint comprising
a housing fixed to said stump socket, a shaft
fixed to said forearm shell and journalled in said
housing, a member fixedly mounted on said
housing concentric with the axis of said shaft
and having a plurality of angularly spaced teeth
projecting therefrom, another member fixed to
said shaft coaxial with and adjacent o said
first-named member and having a plurality of
angularly spaced teeth projeciing therefrom, a
locking element movable axially between a locked
position in engagement with the teeth of both of
said members and an unlocked position in en-
gagement with the teeth of only one of said
members, a spring urging said locking element
toward said locked position, an annular flange
projecting axia ly from said locking element and
having saw-toothed cam porfions, a rotatable
ecam member arranged coaxial with said locking
element and having an annular flange provided
with cam portions cooperating with said first-
named cam portions to shift said lockng element
from said locked position to said unlocked posi-
tion against the pressure of said spring, the
crests of said second-named cam portions being
ceut off to form plateaus upon which the crests
of said first-named cam portions are adapted to
‘bear to hold said locking element in said un-
locked position, and means for successively ro-
tating said cam member through limiteq angular
distances whereby said locking element may be
cammed over to said unlocked position or, alter-
natively, released so that said spring is enabled
-to -return the locking element to said locked
Jposition. )

3. In an artificial arm having a stump socket
-and a-forearm shell, an elbow joint comprising
a housing fixed to said stump socket, a shaft
fixed to said forearm shell and journalled in said
housing, & member fixedly mounted on said hous-
ing concentric with the axis of said shaft and
having a plurality of angularly spaced teeth pro-
jecting therefrom, another member fixed to said
shaft coaxial with and adjacent to said first-
named member and having a plurality of angu-
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larly spaced teeth projecting therefrom, a lock-
ing element movable axially between a locked
position in engagement with the teeth of both
of said members, and an unlocked position in
engagement with the teeth of only one of said
members, a spring urging said locking element
toward. said locked position, cam portions pro-
jecting axially from said locking element, a ro-
tatable cam member arranged coaxially with said
locking element and having cam portions co-
operatng with said first-named cam portions to
shift said locking element from said locked posi-
tion to said un'ocked position against the pres-
sure of said spring, an operating lever rotatable
with respect to said cam member, means provid-
ing a driving connection between said operating
tever and said cam member in one direction of
rotation, a harness adapted to be secured on the
shoulders of the wearer, and a cord connecting
said operating lever to said harness whereby said
cam member can be rotated through limited an~
gular distances by successive shrugs of the shoul-
der to move said locking element alternately
between locked and un’ocked positions.

4. In an artificial arm having a stump socket
and a forearm shell, an elbow joint comprising
a housing fixed fo said stump socket, a shafb
journalled in said housing, positive locking means
for locking said shaft to said housing in any
one of several angularly spaced positions, and
frictional clutch means connecting said shaft to
said forearm shell, whereby said elbow Jjoint
is permitted tc slip when over-loaded so as to
protect said porsitive locking means against dam-
age and prevent injury to the wearer.

5. In an artific'al arm having a stump sockeb
and a forearm shell, an elbow joint comprising a
housing fixed to said stump socket, a tubular
shaft journalled in said housing, positive lock-
ing means for locking said shaft to said housing
in any one of several angularlv svaced positions,
a saddle fixedly mounted on said forearm shell, a.
pair of opvosed plugs secured to said saddle at
opposite sides th-reof, said plugs having tapered
hub portions which are received within corre-
spondingly tapered socket end portions in said
shaft, a bolt passing through the center of said
shaft and engaging said plugs to draw them
tichtly into their respective sockets, said plugs
providing a frictional cone clutch connection be-
tween said shaft and said saddle whereby the
elbow joint is permitted to slip when overloaded
so as to protect said positive locking means
against damage and prevent injury to the wearer.

6. In an artificial arm having a stump socket
and a forearm shell, an elbow joint comprising
a housing fixed to said stump socket, a shaft
fixed to said forearm shell and journalled in
said housing, a member fixedly mounted on said
housing concentric with the axis of said shaft and
having a plurality of angularly spaced tfeeth
projecting therefrom, ancther member fixed to
said shaft coaxial with and adjacent to said first-
named member and having a plurality of angu-
larly spaced teeth projecting therefrom, a lock-
ing element movable ax‘ally between a locked
position in engagement with the teeth of both
of said members and an uniocked Pposition in
engagement with the teeth of only one of said
members, a spring urging said locking element
toward said locked position, a plurality of angu-
larly spaced, equ'distant cam teeth vprojecting
axially from said locking element in a circle con-

centric, with the axis of said shaft, a rotatable

cam member coaxial with said shaft and having



3,537,338

a companionate circle of cam teeth engageable
with said first-named cam teeth, said cam mem-
ber being operable to move said locking element
from said locked position to said unlocked posi-
tion against the pressure of said spring, and
means for successively rotating said cam mem-
ber through limited angular distances whereby

said locking element may be cammed over to

said unlocked position or, alternatively, released
so that said spring is enabled to return the lock-
ing element to said locked position.
MEYER FISHBEIN.
MICHAEL J. NAGY.
DONALD M. THREEWIT.
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