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- This invention relates to ‘flexible tools similar
to those described in my co-pending application,
Serial No. 758,455, filed December 20th, 1934,

The prime object of this invention is to pro-

vide a tool, such as a screw driver, socket wrench, -

drill, reamer, or the like, with a flexible connec-
tion between the handle end and the work-en-
gaging end which permits the operation of the
latter end while the handle end is disposed either
in alignment with said work-engaging end or at
any desired angle thereto.

Another object of this invention is to so con-
struct the flexible connection between the ends
of the tool as to not only permit the working of
the device while being flexed, but which will re-
sist any torsional action in either bent or straight
position, and which will, when not in use, assume
its normal straight-line position between the tool
ends. -

Another object of this invention is to provide
within a tool a connector consisting of more than
two nested or laminated layers of closely and
steeply wound coils in which the direction of
winding of one coil is opposite to the direction
of the next adjacent coil, and in which the mate-
rial from which the coils are wound increases in
size from within to without.

With the foregoing. and still further objects
in view, this invention will be more clearly under-
stood from the following description, in conjunc-
tion with the accompanying drawing, forming

- part of my disclosure, but which drawing is not
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intended to limit my invention to the actual
showing. .

In the drawing, Figure 1 illustrates a typieal
construction of a screw driver, partly in section,
and equipped with a flexible connector between
the handle end and the work-engaging end of the
tool. .

Figure 2 illustrates an enlarged cross-section
through one form of my flexible connector, such
as may be taken on lines 2—2 of Figure 1.

Figure 3 illustrates a similar cross-section
through a connector of a different construction.

Figure 4 illustrates a screw driver bit of a mod-
ified form from that shown in Figure 1.

Figure 5 illustrates a socket wrench attachable
to the connector. : i

Figure 6 illustrates an adapter, which may be
used instead of a screw driver bit and may be
attached in the same manner to the flexible con-
nector, and

PFigure 7 shows a modified construction of a
flexible screw driver preparatory to its assembly.

Referring now to the figures, numeral {0 de-

notes the handle end 6f my device, such as used
in screw drivers or similar ‘tools and which is

- preferably equipped at 11 with a ratchet arrange-

ment to permit its operation in either a right-
hand or left-hand direction, or to prevent it from 5
moving in either direction. Below the ratchet
arrangement, there is provided a receiving socket
12, into which is passed the upper end of my
fiexible connector and which is brazed, or soldered
within the socket, as indicated at 13, * At the 10
lower end of the connector, there will be observed
the work-engaging end of my tool, also illustrat-
ing a socket member 14, in which the connector
end is soldered or brazed in at 15. The work-
engaging end in Figure 1 consists of a screw 15
driver bit 16, extending from an enlargement {7,
above which is located a cup 18 with the knurled
outer surface, and the lower end of which 19 en-
gages a suitable groove 20. .Cup 18 serves for
holding the screw driver end in position with 20
reference to the work when the latter engages a
screw or bolt, while handle end 10 may be oper-
ated from any desired direction.

The flexible connector consists of an innermost
coil 2i, formed by winding two relatively thin, 25
resilient, steel wires at a certain pitch in one di-
rection. Surrounding innermost coil 21 and in
intimate contact therewith is the next coil 22,
made from three somewhat heavier, resilient,
steel wires, and wound in opposite direction to 30
the winding of coil 2i.

Surrounding coil 22 is a third coil 23, consist~
ing of four resilient wires of heavier gage than
those employed in coil 22, and wound in opposite
direction to the windings of the latter coil. 35

Finally, there is an outer helix 24 ~of .still
heavier gage, surrounding coil 23 and consisting
of four wires wound in opposite direction to the
wires of coil 23. 'The arrangement of the coils
and the number of wires employed in each of the 40
coils may be clearly seen from Figure 2, and a
similar arrangement of a flexible connector is
shown in cross-section in Figure 3, where instead
of four laminations of coils, six laminations are
employed, and where the inner coil consists of 45
two wires, the next adjacent of three wires, the
third of four wires, the fourth of four wires, the
fifth of five wires, and the outer coil of seven
wires. Both illustrations (Figures 2 and 3) are
shown without a mandrel, but it is obvious that 50
in order to facilitate the winding of the innermost
coil and for the purpose of giving the connector
more rigidity, a wire mandrel may be pladed into
the center of the connector.

The purpose of constructing the fexible con- 55
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" with a collar or thimble

nector in the manner stated above becomes quite
obvious when it is considered that the tool may
be twisted in either a right-hand or left-hand
direction and must transfer such movements from
the handle to.the screéw. driver bit without any
lost motion and without destruction to the con-
nector. For this reason, the coils nested within

one another are wound in opposite directions to

one another so that when the gtrain is in one
direction, tending to unwind- one of the colls,
the next adjgcent coil will counteract such force
since it will be, so to speak, wound tighter, there-
by preventing the unwinding of the first men-
tioned coil. It is to be considered that the ends
of the connector are immovably set within the
sockets of the handle end and work-engaging
end so that the ends of all coils are fused to-
gether, which fact prevents unwinding or other-

. wise dismembering of the individual coils. It will

be also noted that in order to provide the re-
quired flexibility of the connecting member, the
innermost coil is made of relatively thin: wires,
and only two wirers are employed to form the
coil. Therefore, the pitch of the innermost coil

. is considerably less than the pitch of the outer-

most coil, which is made of heavier wire and in
which four wires are used. The gradual in-
crease in thickness from within to without and
the employment of a smaller number of wires in
the inner coils and a larger number of wires at
the outer coils, and therefore the increased pitch
of the coils from within to without, all tends to
supply the necessary flexibility and the torsional
resistance of the connector. : ‘
In Figure 1, the work-engaging end is provided
I8, by means of which
the tool end may be held in proper position rela-
tive to the work which it engages, but such provi-
sion is not absolutely required, as shown in Fig-
ure 4, where a serew driver tool end 28 is illus-
trated, provided with a socket or depression 26,
adapted to accommodate the lower end of the
flexible connector. : :
Another work-engaging end is shown in Figure
5 in the form of & socket member 21, also pro-

‘ vided with a connector engaging end 28.

Still another work-engaging member is shown
in Figure 6 consisting of a socket end 29, pro-
vided with a connector engaging end 30. 'The
socket end is preferably equipped with a set screw
31, passing through an annular enlargement 32,
which set screw is adapted to engage & tool, such
as & drill, screw driver -bit, reamer oOr socket

wrench, which may be inserted into socket mem- .

ber 28, and immovably held therein,

Figure 7 illustrates a modified construction of
my screw driver in its dis-assembled state, show-
ing each of its constituent parts preparatory to
being set together. There is again shown a han-
die member 38, terminating in a hollow socket
34, which latter is adapted to receive the upper
end of & flexible connector 35." It will be observed
that this connector is provided with a mandrel
36, which is permitted to remain within the cen-
tral coil of this connector.

Beneath the lower end of the connector, there |

is shown & modified assembly of a work-engaging
construction which consists of a connector receiv-
ing member 31, provided with a socket for ac-
commodating the lower end of the connector.
The lower portion of member 37 is shaped conical-
1y, as indicated at 38, and terminates in another
hollow socket portion 38.. 'This socket is adapted
:c: recelve the upper end 48 of a screw driver bit

2,028,608

In engagement with the conical surface 1"

“and with the top surface of socket member 31,

is an outer, preferably knurled ferrule 42, adapted

to freely rotate relative to the socket member.
It serves the same purpose as ferrule 18, de- 5
scribed in connection with Figure 1.

In the modification of Figure 7, it will be ob-
served that sockets 34 and 37 are relatively nar-
row and correspond with their inner diameters
to the outer diameter of the connecting mem- 10
ber 35. This construction is intended to provide

& different connection between socket extensions

34 and 37 and the flexible connector 3§, in that

.these socket portions are intended to be shrunk-

on over the flexible connector. 15
The attachment of screw driver bit 41, by means

of its extension 40, within socket 39 1s preferably

made by compressing the body of socket 3

against the flat surfaces of ~extension 40, al-

.though any other manner of attachment may be 20

employed. -
In the foregoing description, I am speaking of

- fiexible connectors consisting of more than two

laminae of coils, in which two adjacent coils are
wound in opposite direction to one another. Colls 25
made of relatively heavy gage wire, such as shown
in Figure 2, do not require that the mandrel, em-
ployed for forming the innermost coil, be retained
within that coil, whereas, connectors made of.
relatively light gage wire coils preferably retain 30
the mandrel within the innermost coil. In such
event, the mandrel has a tendency of straighten-
ing out the connector, after release from a bent
position, to assume its normal, straight position.

T have found during experiments conducted 35
with the construction. of different connectors,
that at least three internested coils must be em-
ployed in order to produce the desired effects of
flexibility and resistance to torsion. However,
the most advantageous effects were achieved by 40
employing connectors made of double coils, or
multiples thereof, in which each double coil, one
of the coils is wound in one direction while the
other coil is wound in the opposite direction.
Thus, I preferably employ either four, six, eight, 45
or ten coils, etc., and the more coils I use, the
greater number of wires I employ for each coil.
Obviously, the number of wires change the pitches
of the coils, and I so form my connectors that the
innermost coils of less number of wires are also 50
of lesser gage, and as I build up the coils from
within to without, both the sizes and numbers
of the wires are increased.

While I have shown specific forms of my in-
vention, particularly including various modifica- 55
tions of the connector, as shown in Figures 1,
2, 3 and 7, with or without a mandrel at their
center, and while I have shown such flexible
connectors to be of undetermined length and di-
ameter, it is self-understood that such connectors 60
may be made of any length or any diameter as
may be required for the purposes for which the
tool is employed, and that the various details of
constructions illustrated may be changed and
improved, as well as the manner of intercon- 85
necting the different parts, and I therefore re-
serve for myself the right to make changes and
improvements in my invention,: without depart-
ing from the broad scope thereof, as set forth
in the annexed claims. : 70

I claim: ) i

1. In a flexible tool, handle and work-engaging
members, a flexible element connecting them and
consisting of a plurality of laminated coils of
multiple, resilient, wires, increasing in wire cross- 75
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section, number of wires and cofl pitch from with-~
in to without, and alternating as to the direction
of windings, all coil termini at both ends of said
element being fused together for preventing their
unravelling, said handle and work-engaging
members provided with means for accommodat-
ing the fused ends of said element, and means
for securely holding the element ends within said
accommodating means,

2. In a flexible tool, as set forth in claim 1,
said work-engaging member provided with means
for directing, and for holding said member in
engagement with the work, while the tool is being
operated.

3. A flexible screw driver, comprising in com-
bination, a handle member, a screw driver bit
member, both members provided with sockets, a
flexible connector immovably held at its ends
within said sockets and consisting of at least

four internested coils made of multiple, resilient

wires, each coil having s uniform, substantially
cylindrical shape throughout its entire length, the
colls increasing in wire size, wire numbers and
pitch from within to without, and being wound

3

alternately in opposite directions, all coil termini
at both ends of said flexible connector, held with-
In said sockets, being fused together for prevent-
ing the unravelling of the coils.

4. In a flexible screw driver, a handle member,
provided with a connector-receiving socket, a
work-engaging mechanism provided with a freely
operative collar, a connector-receiving socket,
bit-engaging means and a bit secured within the
latter, a flexible connector fixedly secured with
its ends against movement within the connector-
receiving sockets of said handle member and said
mechanism, said connector comprising s plurality
of coil laminae, alternating as to the directions of

10

their windings, each coil consisting of a plu- 15

rality of wires, the cross-section of the wires,
their number and the pitch of the coils increasing
from within to without, said coils being substan-
tially cylindrical in shape over their entire length,

the termini of all coils at both ends of said con- 20

nector being fused together for preventing them
from unravelling, :
LEON B. MILLER_.




