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UNITED STATES PATENT OFFICE. 
ALFRED S. McCASKEY, OF. CHICAGO, TEINOIS. 

FLEXIBLE SHAFT. 

1,314,601. Specification of Letters Patent. Patented Sept. 2, 1919. 
Application filed January 10, 1919. serial No. 270,467. 

To all whom it may concern: 
Beit known that I, AI, FRED S. McCASKEY, 

a citizen' (bf the United States, and a resi 
dent of Chicago, in the county of Cook and 
State of Illinois, have invented certain new and useful Improvements in Flexible Shafts; 
and I do hereby declare' that the following 
is a full, clear, and exact description thereof, 
reference being had to the accompanying 
drawings, and to the letters of reference 
marked thereon, which form a part of this 
specification. 
This invention relates' to improvements in 

flexible shafts and consists of the matters 
hereinafter described and more particularly 
pointed out in the appended claims. 

In flexible shafts of that type wherein 
each shaft unit is made with a bearing notch 
in one end and a projecting lug at the other 
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adapted to engage the corresponding bearing 
notch of an 'adjoining unit in such manner 
as to permit of flexibility between the en 
gaged shaft units, it has been found desirable 
heretofore to use means for retaining the 
units in their 'assembled relation. For ex 

i ample, Letters Patent No. 1,258,233 dated 
March 5, 1918, illustrates this type of shaft, 
in which the units were tubular and wherein 
it was found necessary to employ rings 
within the units to retain the lugs within 
the bearing notches. 

In other instances, it has been found de 
sirable to employ a mandrel within the tu 
bular units for'the same purpose. Such re 
taining mandrel may be, for example, a 
coiled spring or a flexible body such as a 
hose or metal tube which would usually ex 
tend longitudinally of the shaft through 
several units. 
The principal object of my invention is to 

eliminate'all extra locking parts or devices 
in flexible shafts composed of inter-engag 
ing shaft units of the general type above re 
ferred to, and to accomplish the locking of 
the assembled units by means integral with 
the unit. This may be accomplished not only 
in that type of flexible shaft wherein the 
units are of cast or forged tubular form, as 
well as with those units stamped out of a 
blank and fashioned in tubular form, but 
also with units formed of rods or other solid 
metal. The integral locking means may be 
employed in various ways. For example, in 
the sheet metal type, the locking agency may 
be created when the blank is stamped out 
and lay be brought into action as and when 

the blank is fashioned in tubular form. In 
the 'case of cast or forged tribular units or 
units cut out of 'solid metal, the locking 
agency may be created and brothght into 'ac 
tion its part of the shaft assembly operation. 
Again, in the 'case of a tubular init, the locking agency may consist of integral pro 
jections' or protbérandes' created when the 
unit is 'formed "and which, after two units 
are assembled, may be bent into a diffei'ent 
position to engage opposite sides of the ad 
joining unit. 
The object of the invention is to provide 

a flexible shaft, which 'is' cheap to manufac 
tle, easy to assemble, "efficient in operation 
for its intended putpose, and which is strong 
and durable, this insuring 'greater amount 
of service than has heretofore been attain 
able in flexible shafts as now made. 
Other objects and advantages will appear 

as I proceed with my specification. 
In the drawings: 
Figure 1 is a vicw inside elevation of one 

form of my improved flexible shaft as it ap 
pears within its sheath or covering. 

Fig. 2 is a view of a portion of this same 
shaft, showing two adjoining units without 
the sheath or covering. i 

Fig. 8 is a view on a 'somewhat enlarged 
scale showing one unit of a flexible shaft 
made in accordance with this same form of 
my invention. 

Fig. 4 is a transverse sectional view 
through two adjoining units of this same 
form of my improved flexible shaft, the 
plane of the section being indicated by the 
line 4-4 of Fig. 2. 

Fig. 5 is a perspective view on an' enlarged 
Scale of one of the inits' or links of a modi 
fication of my improved flexible shaft. 

Fig. 6 is a sectional view similar to that 
of Fig. 4 showing two adjoining units' of the 
modified form illustrated in Fig. 5. 

Figs. 7 and S are views similar to those of Figs, 3 and 2 respectively, but illustrating 
my invention applied to units formed of 
Solid metal. 

Figs, 9, 10 and 11 illustrate yet indthor 
embodiment of the invention, wherein the 
units are made of sheet metal bent into tu 
bular form. 

Fig. 12 is a plain view of a blank from 
which the unit illustrated in Figs. 9, 10 and 
11 may be made. 

Referring now to that embodiment of my 
invention as illustrated in the drawings arid 
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more particularly to that form shown in 
Figs. 1 to 4 inclusive thereof, Aindicates, as 
a whole, a short Section or length of my im 
proved flexible shaft, comprising a plurality 
of substantially short, tubular units or 
links 1 which are coupled or connected to 
gether in a manner preventing relative dis 
placement in any direction between them, 
while at the same time permitting a desir 
able range of flexible movement between 
each adjoining unit. Each unit or link has 
a body part 2 which is preferably made of 
a length approximating its diameter. This 
proportion could be materially changed 
without departing from the spirit of the in 
vention. 
The body 2 of each unit 1 is provided at 

one end with a pair of longitudinally ex 
tending, diametrically opposite lugs 3, 8, 
and at its other end with complementary 
shaped, bearing notches 4, in which the lugs 
3, 3, of an adjoining unit are adapted to en 
gage in a manner coupling said units to 
gether. The diametric plane of the lugs 3 
of one unit is arranged at right angles to 
the corresponding plane of the bearing 
notches 4 in the same unit. The advantage 
of such an arrangement is manifest. 

30, 

35 

40 

45 

Each lug. 3 consists of a head 5 which is 
connected to the end of the associated body 
2 by means of a neck 6, the lateral edges of 
which diverge outwardly as they approach 
said body. Each bearing notch 4, formed 
in the opposite end of Said body is of a con 
tour corresponding to and adapting it to re 
ceive the lugs 3 of an adjoining unit. Each 
bearing notch 4 opens into the free end of 
said body by means of a somewhat restricted 
passage or throat 7, through which the neck 
6 of an associated lug 3 extends when said 
units are coupled or connected together. 
As shown in IFig. 1, the left-hand, endmost 

unit 1 is coupled or connected by means of 
its lugs 3 in bearing notches 8 (which are 
identical to the bearing notches 4, before 
mentioned), formed in a terminal unit 9. 
Said terminal unit may be either a tool 
holding chuck or the like or it may con 
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stitute a coupling connection with a suitably 
driven member. 
10 indicates a suitable sheath or covering for the shaft which may comprise an inner. 

metallic member of coiled wire 11 and an 
outer member of flexible material 12, such 
as rubber or textile tubing. A collar 13 is 
fixed to the terminal end of said sheath, and 
a bearing ring 14 is placed within sail col 
lar to provide the proper bearing for the 
terminal unit 9. 
To prevent any tendency of the several 

coupled together or connected units to pinch 
or cut into the sheathing and to prevent 
binding between the adjoining ends of the 
several units, especially when the shaft as a 
whole is arranged on a curve or arc, it is 
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desirable to round off the sharp edge at the 
ends of the body of each unit as indicated at 
15, 15, in Figs. 2 and 3. 
At 16 is indicated a recess extending part 

Way around the inner part of the bearing 
notch 4 and 17 is a small projection extend 
ing outwardly from the lug 3. These pro 
jections and recesses 17, 16 are complemental 
and serve to bind or lock adjacent units. 
That is to say, the projections 17 hold the 
lugs 3 within the notches 4. The recess 16, 
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being much longer than the width of the 
projection 17, affords a desirable range of 
flexibility of movement between said locked 
units. I prefer to construct the recess 16 and 
the projections 17 by a suitable mechanism 
after the units are constructed, and as part 
of the shaft assembling operation. That is 
to say, the units 1 are first made without the 
recesses 16 and projections 17, and two units 
are then assembled by placing the lugs 3 of 
One unit within the bearing notches 4 of the 
next unit, and then the two units so assem 
bled are subjected to the action of a suitable 
press which forms the recess 16 and then 
acts upon the lugs 3 and forces out sufficient 
of its metal to form the projection 17. 
Manifestly, the only way to disassemble the 
units thus flexibly locked together is to phys 
ically remove one of the projections 17 from 
its lug 3. 
In the form of my invention illustrated in 

Figs. 5 and 6, the units 1 are also tubular in form, and correspond in every particular 
with the units shown in Figs. 1 and 4 inclu 
sive, just described with this exception, 
namely: that instead of Subjecting the as 
sembled units to the action of a suitable ma 
chine to form the recesses 16 and projections 
17, there are no such recesses, and in lieu of 
the projections 17 of the first form, Icon 
struct on each lug 3 a downwardly and in 
wardly directed projection or lug 18 as 
clearly seen in Fig. 5. When the units hav 
ing projections 18 are assembled, said pro 
jections are bent forwardly in prolongation 
of the lugs 3 and extend under and against 
the inner surface of the bearing notches 4, as clearly disclosed in Fig. 6, thus forming 
interlocking shoulders.19 and preventing the 
disassembly of the units. 

In that form illustrated in Figs. 7 and 
8, the units 21 are made from solid metal, 
such for example as a rod. Each unit has a 
cylindric body 22, a longitudinally extend 
ing projecting lug 23 extending across One 
end, and at its other end a complementary 
shaped bearing notch 24 in which the lug 23 
of the adjoining unit is adapted to engage, 
as will be manifest from the drawings, the 
diametric plane of the lug 23 being arranged 
at right angles to the corresponding plane 
of the notch 24. 
When the units 21 are being assembled, a 
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Suitable press may form recesses 25, 26 on 130 
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opposite sides of the body 22 at the outer 
edges of the bearing notches 24, (similar to 
the recess 16 of Fig. 2), and also press Qut 
a locking projection 27 on the outer ends of h"E," "O.K.'"E" rower than the length of the recesses 25, 26, 
and adapted to engage them as illustrated 
in Fig. 8, to lock, two adjoining and assem 
bled units 21, 21 from disengagement. In the form shown in Figs. 9 to 12 inclu 
sive, Brepresents a sheet metal blank pro 
vided along one side margin a with two pro 
jections b, b. The opposite side margin a 
is cut away to form, a recess d complemental 
in shape with that of the projection biso 
that, the latter may have bearing in a similar 
recess when the blank is folded into tubular 
form. There being two projections b, on 
the margin a, it follows that on the opposite 
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side d, there will be one recess d and two 
half recesses d', d'. The diametric plane of 
the recesses d and d', when the blank is 
folded into tubular form, will be at right 
angles to the corresponding plane of the pro 
jections b in the same unit. 
The margin of the two projections b, b, 

on the Sanheside of the blank B, are beveled 
off at e to constitute, in effect, a projecting 
or overlapping part of the projections, b, b. 
Thd corresponding margins of the recesses 
d, d’, on the opposite side of the blank are 
similarly beveled at f, the latter being in 
dicated by dotted lines in Fig. 12. It fol 
lows that when the blank B is bent up to 
form a tubular unit, as C, and a second blank 
then similarly formed, in juxtaposition to 
the formed unit C, as indicated at D, not 
only will the projections b, b, of the unit D 
properly engage the recesses d and d of 
the unit C, but the beveled overlapping por 
tions e of the unit D will have locking bear 
ing engagement with the beveled portions 
f of the unit C and thus prevent the disas 
sociation of the units C and D. 
Thus it will appear that whether the 

proximate surfaces or margins of adjoining 
units are fashioned before or during or as a part of the shaft-assembling operation, 
provision is made for projecting lugs on one 
unit to flexibly engage bearing notches in 
the adjoining unit, to form the shaft, and 
that coöperating means, integral with each 
unit, is provided to lock the units in flexible 
relation and prevent disassembly. 
While in describing my invention I have 

referred to certain details of mechanical 
construction and arrangement of parts, I 
do not wish to be limited thereto except S 
may be pointed out in the appended claims. 
I claim as my invention: 
1. A flexible shaft comprising a plurality 

of units, each of said units comprising a body part having at One end diametrically 
f5 

opposite bearing notches and at its other end longitudinally extending, diametrically op 

9. 

posite.bearing lugs arranged at right, angles 
to said notches, said lugs being, adapted, to 
engage Within the bearing notches, of thead 
joining unit in a manner permitting of a 
flexible movement between said units, and integral means for operatively retaining, the 
lugs within said boaring notches. 2. A flexible shaft comprising, a plurality 
of units, each of said units, comprising a tu 
blar body part having at one end diametri 
cally opposite bearing notches and at its 
other end longitudinally extending, dia 
letrically opposite bearing lugs arranged at 
light. angles to said notches, said lugs being 
adapted to engage within the bearing 
notches of the adjoining unit in a manner 
permitting of a flexible movement between 
said units, and integral means for opera 
tively retaining, the lugs within said hearing 
notches. - 

8. A flexible shaft comprising a plurality 
of units, each of said units comprising a body part haying at one end diametrically 
Opposite bearing notches and at its other end longitudinally extending diametrically 
Opposite bearing lugs arranged at right 
angles to said notches, said lugs being adapt 
ed to engage Within the bearing notches of 
the adjoining unit in a manner permitting 
of flexible movement between said units and integral means for interlocking the margin 
of the lug and the corresponding part of its 
notch to retain the lug therein. 

... A flexible shaft comprising a plurality 
of units, each of said units comprising a tu 
bular body part having at one end diamet 
rically opposite bearing notches and at its 
other end longitudinally extending diamet. rically opposite bearing lugs arranged at 
light angles to said notches, said lugs being 
adapted to engage within the bearing 
notches of the adjoining unit in a nanne 
pornhitting of flexible movement between 
said units and integral means for interlock 
ing the margin of the lug and the corre. 
sponding part of its notch to retain the lug 
therein. 

5. A flexible shaft comprising a plurality 
of units, cach of Said units comprising a body part having at one end diametrically 
opposite bearing notches and at its other end longitudinally extending diametrically 
opposite bearing lugs arranged at right ali 
gles to Said notches, said lugs being adapted 
to engage within the bearing notches of the 1: 
adjoining unit in a manner permitting of a 
flexible movement between said units, and integral means for operatively retaining the 
lugs within said bcaring notches, Said means comprising complemental interlocking means 
on the lugs and notches. - 

6. A flexible shaft comprising a plurality 
of units, each of said units comprising a tu. 
bular body part having at one end dia 
metrically opposite, bearing notches and at 
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its other end longitudinally extending dia 
metrically opposite bearing lugs arranged at 
right angles to said notches, said lugs being 
adapted to engage within the bearing notches 
of the adjoining unit in a manner permit 
ting of a flexible movement between said 
units, and integral means for operatively 
retaining the lugs within said bearing 
notches, said means comprising comple 
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mental interlocking means on the lugs and 
notches. . . 

7. A flexible shaft comprising a plurality 
of units, each of said units comprising a 
body part having at one end diametrically 
opposite bearing notches and at its other end longitudinally extending diametrically 
opposite bearing lugs arranged at right an: 
gles to said notches, said lugs being adapted 
to engage within the bearing notches of the 
adjoining unit in a manner permitting of 
a flexible movement between said units, and 
integral means for operatively retaining the 
lugs within said bearing notches, said means 
including a projection on each lug adapted 
for locking engagement with the unit body 
adjacent the lug recess. 

30 

8. A flexible shaft comprising a plurality 
of units, each of said units comprising a tul 
bular body part having at one end diamet 
rically opposite bearing notches and at its 
other end longitudinally extending diamet 
rically opposite bearing lugs arranged at 
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right angles to said notches, said lugs being 
adapted to engage within the bearing notches 
of the adjoining unit in a manner permit 
ting of a flexible movement between said units, and integral means for operatively re 
taining the lugs within said bearing notches. 
said means including a projection on each 
lug adapted for locking engagement. With 
the unit body adjacent the lug recess. 
9. A flexible shaft comprising a plurality 

of units, each of said units comprising a body part haying at one end, diametrically 
opposite bearing notches, and at its other end longitudinally extending diametrically 
opposite bearing lugs arranged at right an 
gles to said notches, said lugs being adapted 
to engage within the bearing notches of the 
adjoining unit in a manner permitting of a 
flexible movement between said units, and integral means for operatively retaining the 
lugs within said bearing notches, said means including interiorly and inwardly directed, 
locking projections on the lugs adapted to be 
bent outwardly to project beyond the margin 
of the lug and engage the adjacent link unit. 
body. . . . . . . . . . . e 

10. A flexible shaft comprising a plurality 
of units, each of said units comprising a 
tabular body part having at one end dia 
metrically opposite bearing notches and at 
its other end longitudinally extending dia 
metrically opposite bearing lugs arranged 
at right angles to said notches, said lugs be 
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ing adapted to engage within the bearing 
notches of the adjoining unit in a mannel 
permitting of a flexible movement between 
said units, and integral means for operative 
ly retaining the lugs within said bearing 
notches, said means including interiorly and 70 
inwardly directed, locking projections on 
the lugs adapted to be bent outwardly to 
project beyond the margin of the lug and 
engage the adjacent link unit body. 

11. A flexible shaft comprising a plurality 
of units, each of said units comprising a 
body part having at One end diametrically 
opposite bearing notches and at its other end longitudinally extending diametrically op 
posite bearing lugs arranged at right angles 
to said notches, said lugs being adapted to 
engage within the bearing notches of the ad 
joining unit in a manner permitting of flex 
ible movement between said units, diametri cally opposite or cut away portions or de 
pressions in the body of each unit adjacent 
to the bearing notches, and complemental 
means on each lug adapted to operatively en gage said depressions. 

12. A flexible shaft comprising a plurality 
of units, each of said units comprising a 
tubular body part having at one end dia metrically opposite bearing notches and at 
its other end longitudinally extending dia 
metrically opposite bearing lugs arranged at 
right angles to said notches, said lugs being 
adapted to engage within the bearing notches 
of the adjoining unit in a manner permit 
ting of flexible movement between said units, diametrically opposite or cut away portions 
or depressions in the body of each unit ad 
jacent to the bearing notches, and comple 
mental means on each lug adapted to opera tively engage said depressions. 

18. A flexible shaft comprising a plurality 
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of units, each of said units comprising a 
body part having at one end diametrically 
Opposite bearing notches and at its other 
end longitudinally extending diametrically 
opposite bearing lugs arranged at right an 
gles to said notches, said lugs being adapted 
to engage within the bearing notches of the 
adjoining unit in a manner permitting of a 
flexible movement between said units, and 
means on each unit arranged to overlap the 
adjacent part of the next unit in the shaft 
to retain the units against displacement after 
being assembled. . . 

14. A flexible shaft comprising a plurality 
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20 
of units, each of said units comprising a 
tubular body part having at one end dia metrically opposite bearing notches and at 
its other end longitudinally extending dia metrically opposite bearing lugs arranged at 
right angles to said notches, said lugs being 
adapted to engage within the bearing notches 
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of the adjoining unit in a manner permit. . 
ting of a flexible movement between said 
units, and means on each unit arranged to 130 
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overlap the adjacent part of the next unit 
in the shaft to retain the units against dis 
placement after being assembled. 

15. A flexible shaft comprising a plurality 
of units made from sheet metal blanks, each 
blank when folded into tubular form coin 
prising a body part having at one end dia 
metrically opposite bearing notches, and at 
its other end longitudnally extending, dia 
metrically opposite bearing lugs arranged 
at right angles to said notches, the lugs be 
ing adapted to engage the bearing notches 
of an adjoining unit in a manner to permit 

of flexible movement between said units, and 
integral, complemental locking means on 15 
said lugs and notches to retain the lugs in 
said notches. 
In testimony, that I claim the foregoing as 

my invention I affix my signature in the 
presence of two witnesses, this 4th day of 20 
January, A. D. 1919. 

ALFRED S. McCASKEY. 
Witnesses: 

TAYLOR E. B.RowN, 
B. L. MACGREGOR. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D. C.’ 


