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ABSTTACT

A Sordleus jorsable aiactria gereudriver having 4 chvelt norzally
heluiaz a #eol for rotary driven zetiin at ono rnd therzefs, The seraikdrivern
iacludas a flouihle oxiension shofi having n first zad sdapted %o cooporate
with th: chuck and 2 orcond aud sdagtod o hold the teel for rotary drivan
N The firad end ef the £l-widblo extensiecn shart and the

T Sly ahsred nem~eircuinr cresg-sccdicnse  Taw o
i danted ta recolve the first end of the flexdkla ¢
asinl inszersien of the ghnsi inia tho chuclt with the noneci
seesions o secatispaliy lisned selotivnshin and he euch
to held the firsd and of the Jlasnible apziin ahall for Totary
tion of i ahalt.  duae dwcund end of the Llustible axionsi
£501 Wawe qou-l osentarily dhaped acnesi:izulax erns3-arcticns,  Tho sersue :
drivoes 1o mopndls bo dedvs the taol by ¢ auzea ef the sacend ond o the fet
ibly shaft ﬁoidin; the toel for rotary driven moticp therwol. «3ilk Zfhis
Antaigbmanc, the flexidble axtonsion sanft norunlly is diarosed so a0 to
bo gubstontially ontirely coaxial with the chuck but ia univorsnlly deflcec-
tuble ralatiye %o the axis of tho ckuck 5o as to rosition the cecond ond
of the shafi und the tool at ap acute ungle ralotive thervto.
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PORTABLE SCREW DRIVER HAVING FLEXIBLE EfTENSION
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ABSTRACT =
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A cordless portable electric screwdrivér havingU

6Ly

a chuck for normally holding a tool for rota_ridriven:_;

motion at on; end thereof. The screwdriver i ;idee
a flexible extension shaft having a first end adapted

‘. to cooperate with the chuck and a second end adapted
to ﬂold the tool for rctaiy driven motion. The first
end of the flexible extension shaft and the chuck
have complementarily shaped non-e¢ircular cross~sec~
tions. The chuck has an axis and is adapted to re~
ceive the first end of the flexible shaft by means of
aaxial insertion of the shaft into the chuck with the
non-circular crossesections in rotationally aligned
relationship and the chuck is also adapted to hold
the first end of the flexible extension shaff/for
rotary driven motion of the shaft. The second end of

the flexible extension shaft and the tool have complew

mentarily shaped nonw-circular crosa~sections. The

-~
SET A

J

1,

"y,”; screwdriver is operable to drive the tool by reason

Y, .
<¢g.5the second end of the flexible shaft holding the
'J,fi"_; tool for rotary driven motion thereof. With this

‘," i ‘ ’ P

arrangement, the flexiﬁ}e extension shaft normally is
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dispesed so as to be substantially entirely coaxial

with the chuck but is universally deflectable relative
to the axis of the chuck so as to pesitioen the second
end of the shaft and the tool at an acute angle re=

lative thereto.
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FIELD OF INVENTION

The present invention generally relat’p %ﬁ

cordless portable electric acrewdrivefa and,ﬁpbfé

particularly, to a cordless portable électriJ s§reve \O
driver having a flexible extension shaft, o &
< ~

. ,N

7 o

BACKGROUND OF THE INVENTION o

: . =~

Cordless portable electric sc?ewdrifeta have ig

become very popular because they allow a workian to
easily complete various tasks without manual effort or

the hindrance of a power corde In order to obtain ope

timum benefit, the workman has many tools for use with
the cordless portable electric screwdriver including
various types and sizes of drill bitsy screwdriver
tips and the like. Eaéh tool must be {gshioned to
connect to a chuck which normally positions the tool
in close proximity to the relatively large casihg of
the screwdriver.  As a result, cordless portable elecw
tric screwdrivers have been rendered relatively ine

effective for use in confined, difficult-to~reach

locations.

Qf*iw. In this connection, cordless portable electric

Plag
screwdrivers have generally been relatively longe. As

b

[

F

.T;%ggviously mentioned, they have also generally had a

/
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casing surrounding the motor which is quite large
in relation to the tool, i.e., drill bits, screwe
driver tips and the like. For this reason, it has
been difficult to utilize a cordless portable elecw
tric screwdriver in areas of lim1£ed access.

The present invention is directed to overcoming
the ab9ve~stated problems and accomplishing the stated
objects by providing a unique portable electric screw~

driver having a flexible extension shaft,

SUMMARY OF THE INVENTION

Accordingly, the present‘invention is directed
to a cordless portable electric screwdriver having a

chuck for normally holding a tool for rotary driven
motion at one end thereof. The screwdriver includes a
flexible extension shaft having a first end adapted to
cooperate with the chuck and a second end adapted to
hold the tool for rotary driven motion. The first end
of the flexible extension shaft and the chuck have
complementarily shaped non=circular cross-sections,
The chuck has an axis and is adapted to receive the
first end of the flexible shaft by means of axial in-

sertion of the shaft into the chuck with the nonwcire

cuiar cross-sections in rotationally aligned relation-

e
tgaihﬁg*and the chuck also includes means for holding the

/
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first end of the flexible extension shaft for rotary
driven motion of the shaft, The second end of the
flexible extension shaft and the tool also have com=-
plementarily shaped non-circular cross-sections.

The screwdriver is operable to drive the tool by

reason of the second end of the flexible shaft include
ing means for holding the tool for rotary drivon motion

thereof. With this arrangement, the flexible extension

~ shaft normally is disposed so as to be substantially

entirely coaxial with the chuck but is universally dee
flectable relative to the axis of the chuck so as to -
position the second end of the shaft and the tool at

an acute angle relative thereof.

As will be appreciated, the tool is rotary
driven by the cordless portable electric screwdriver
fhrough the flexible extension shaft. For this pure
pose, one of the first and second ends of the flexible
extension shaft preferahiy includes a generally ey
lindrical body portion terminating in a male hex shank
and the other of tﬁe first and second ends of the flexie
ble extension shaft preferably includes a cylindrical
body portidn terhinating in a female hex shankereceive

ing opening. Between the first and second ends, the

Llfio;;ble extension shaft advantageously includes a

1 ‘4’

“.;" .
25 47

v Y aq .
{0 p%érality of concentric coil springs in tightly wound
AR

A E /
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Further, the concetric coil springs are pre-

adjacent relation.

ferablﬁ secured to the generally cylindrical body
portions of the first and secon& ends of the flexible
extension shaft to accommodate the universal deflection
of the shaft relative to the axis of the'chucko A
flexible sleeve is then advantageously diesposéd about
the concentric coil springs. More specifically, the
flexible sleeve preferably includes cylindrical fit-
tings secured thereto at opposite ends thereof so as

to define a shoulder internally of each of the fittings
which are adapted to receive one of the cylindrical
body portions therein.

In the preferred embodiment, the cylindrical
body portions are sfaced apart by a distance greater
than the distance between the ghoulders in the cylinw-
drical fittinge to permit limited axial movement of
the cylindrical body portions and the concentric coil
springs relative to the cylindrical fittings and the
flexible sleeve. A shaft biasing coil spring is then
advantageously disposed abéut the concentric coil
springs of the flexible extension shaft. More specifi=

‘eally, the shaft biasing coil spring is disposed between

RREN
J

ey
N thé shoulder in one of the cylindrical fittings and the
S tore

corresponding one of the cylindrical body portions to
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normally bias the other of the eylindrical body
portions into engagement with the shoulder in the
other of the cylindrical fittingSe

‘ Othef objects, advantages and features of the
present invention will become apparent frsm the fole
lowing specification taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is perspective view of a portable elece
trie sorewdriver having a flexible extension shaft in
accordance with the present invention;

FIG. 1A is a transverse cross~sectional view

" of the serewdriver and flexible extension shaft taken

on the line 1AlA of FIG. 1}

FIG. 1B is a transverse cross«sectional view

of the flexible extension shaft and a tool taken om the

line 1B1B of FIG. 1}

FIG. 2 is a partinl perspective view of the
flexible extension shaft utilized in the serewdfiier
illustrated in FIG. 13 and

FIG. 3 is a longitudinal cross-sectional view
of the flexible extension shaft taken on thellyne 33

Of FIGQ 20

4
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, and first to FIG.
1, the reference numeral 10 designates generally a
cordless portable electric screwdriver having a chuck

12 for normally holding a tool 14 for rotary drivea

. motion at one end 16 thereof. The screwdriver 10 ine-

cludes a flexible extension shaft 18 having a first
end 20 adapted to cooperate with the chuck 12 and a
second end 22 adapted to hold the tool 1k for rotéry
driven motion. The first end 20 of the flexible ex~
tension shaft 18 and the chuck 12 have complementarily
shaped non-circular cross-sections (see FIG, 1A)o The
chuck 12 has an axis 24 and is adapted to receive the
first end 20 of the flexible extension shaft 18 by
means of axial insertion of the shaft into the chuek
with the non-circular cross-sections in rotationallj
aligned relationship and the chuck 12 also includes
means for holding the first end 20 of the flexible
extension shaft 18 for rotary driven motion of the
shaft. The second end 22 of the flexible extension

shaft 18 and the tool 14 also have complementarily

" ‘shaped non-circular cross-sections (see FIG. 1B). The

screwdriver 10 operates such that the second end 22 of

¢
A ,
!f?khe flexible extension shaft 18 includes means for

aap ORIGINAT
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holding the tool 14 for rotary driven motion there«
of. With this arrangement, the flexible extension

shaft 18 normally is disposed so as to be substantial-

1y entirely coaxial with the chuck 12 and is universal~

1y deflectable relative to the axis 24 of the chuck

12 so as to position the second end 22 of the shaft 18
and the tool 14 at an acute angle relative to the axis
24 of the chuck 12 (see in particular FIG. 1).

As will be appreciated by referring to FIG. 1,
the tool 14 is rotary driven by the cordless portable
electric screwdriver 10 through the flexible extemsion
shaft 18, It will also be appreciated that one of the
first and second ends of the flexible extensi;n shaft
18 such as the end 20 includes a generally cylindrical
body portion such as 20a terminating in a‘male hex
shank such as 20b with the other of the first and
second ends such as 22 including a generally cylindri«
cal body portion such as 22a terminating in a female
hex shank-receiving opening such as 22b. It will furw=
ther be appreciated'that the chuck 12 includes a female
hex shankureceiviné opening 12a which, together with

the male hex shank 20b, defines first of the ‘previous=

<44‘

1y described complementarily shaped non-circular crosse

" mections and the tool 14 includes a male hex shank 1Lka

‘.‘;

whiéh, together with the female hex shank-receiving

/
BAD ORIGINAL

O



/
5
10
15
20
l‘l;/, .
i,
}(gﬂ fy
R e

4t T
el

26170

opeﬁing 22b, defines the second of the previously
described complementarily shaped non-cfrcular Crosgae
sections. With this arrangement, the first end 20 of
the flexible extension shaft 18 is adapted for inw
sertion into the chuck 12 and the tool 14 is adapted
for insertion into the second end 22 of the flexible
extension shaft 18.

Referring to FIGS. 1 and 2, the means for holde
ing the tool 14 for rotary driven motion includes a
detent 26 associated with the female hex shankereceive
ing opening 22b in the second end 22 of the flexible
extension shaft 18, In like fashion, the means for
holding the first end 20 of the flexible extension shaft
18 for rotary driven.motion may include a plurality of
fingers 28 associated with the female hex shankwreceive
ing opening 12a in the chuck 12,

Referring to FIGS. 2 and 3y the flexible exe
tqnsion gshaft 18 includes a plurality of concentrie
coil springs 30, 32, 34 in tightly wound adjacent rew
lation eitending between and secured to the generally

cylindrical body portions 20a and 22a of the first

"and second ends 20 and 22 of the shaft 18 to accommo=

..ffdaﬁqluniversal deflection of the shaft relative to the

v

W, Cbiyg
axid 24 of the chuck 12. It will also be seen that a

L *
25 Jf(;gglexible sleeve 36 is dksposed about the cdncentric

4ty
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coil springs 30,32,34., As illustrated, the flexi=~

ble sleeve 36 has cylindrical fittings 38 and 40

secured thereto at opposite ends 42 and 44 thereof

to receive one of the cylindrical body portions 20a

and 22a therein and the flexible sleeve 36 and cyw

lindrical fittings 38 and 40 define shouldere 46 and

48 internally of each of the fittings 38 and 40 to

form stops for the cylindrical body portions 20a and 22a.
More specifically, the cylindrical body portions

20a and 22a are spaced apart by a &istance greater than

the distance between the shoulders 46 and 48 in the

cylindrical fittings 38 and 40 to permit limited axial

‘movement of the cylindrical body portions 20a and 22a

and the concentric coil springs 30,32,3# relative to
the cylindrical fittings 38 and 4O and the flexible
sleeve 36. With this construction, a shaft biasing
coil Qpring 50 is disposed about the concentric coil
springs 30,32,34 of the flexible extensidn shaft 18
between the shoulder such as 48 in one of the cylinw
drical fittings such as 40-in the corresponding one

of the cylindrical body portions such as 22a to normal=

1y bias the other of the cylindrical body portions such

"'4d 20a into engagement with the shoulder such as 46 in

the other of the cylindrical fittings such as 38,
¥ ,
" As should now be appreciated, the cordless porte

i
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able electric screwdriver 10 when utilized with the
uniqﬁe flexible extension shaft 18 is extremely ver-
satile. The fact that it is universally defioctahle
relative to the axis 24 of the chuck 12 accommodates
use of the screwdriver 10 in hard-to=reach or limited
acess areas since the tool 1l can be disposed at an
acute angle relative to the axis 24 of the chiick 12 by
deflecting or bdnding the flexible extension éhaft 18
such as illustrated in FIG. l. In this connectiony
the flexible sleeve 36 permits the user to grip the
flexible extension shaft 18 to hold it in a deflected
position during hée without exposure to the moving
partse.

In other words, the concentric coil springs
30,32,34 are rotating internally of the flexible
sleeve 36 and the difference in distance between the
cylindrical body portions 20a and 22a and the cyline
drical fittings 38 and 40 accommodate the arc into
which the flexible extension shaft is often times ade
vantageously deflected and held during use of the
screwdriver. )

Wwhile in the foregoing there has been set forth,

a preferred embodiment of the invention, it is to be
N 3‘ . .

. undérstood that the invention is only to be limited

Ak
"ﬁyvﬁhe spirit and scope of the appended claimse

gAD ORIGINAL.
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I CLAIM:

1. In a cordless portable electric screw-
driver having a chuck for normally holding a tool
for rotary driven motion at one end thereof, the

5 improvement comprisings:

a flexible extension shaft having a first end

10

15

25

adapted to cooPGrafe with said chuck and a
second end adapted to hold said tool for
rotary driven motion, said first end of said
flexible extension shaft and said chuck having
complementarily shaped non~circular Crosse
sections, said chuck having an axis and being
adapted to receive said first end of said

flexible extension shaft by means of axial

insertion of said shaft into said chuck with

said non-circular cross-sections in rotationale
ly aligned relationship and said chuck also ine
cluding means for holding said first end of

said flexible extension shaft for rotary driven

motion of said shaft, said second end of said

flexible extension shaft and said tool having
complementarily shaped non-circular crosse
sections, said second end of said flexible

extension shaft including means for holding

said tool for rotary driven motion thereof;
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said flexible extension shaft normally being

disposed to as to be substantially entirely
coaxial with said chﬁck, said flexible ex-
tension shaft being universally deflectable
relative to said axis of said chuck so as
to position said second end of said shaft
and said tool at an acute angle relative to
said axis of said chuck, said tool being
rotary driven by said cordless portable
screwdriver through said flexible extension

shaft;

said flexible extension shaft including a plue

rality of concentric coil springs in tightly
would adjacgnt relation extending between and
secured to generally cylindrical body pore
tions at said first and second ends of said
shaft to accommodate universal deflection of
said shaft relative to said axis of chuck,
and including a flexible sleeve disposed
about said concentric coil springs, said
flexible sleeve having cylindrical fittings
secured thereto at'Opposite ends thereof so
as to define a shoulder internally of each
of said fittings, said cylindrical fittings

each being adapted to receive one of said

I ¥
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cylindrical body portions therein, said

¢ cylindrical body portions being spaced apart
by a distance greater than the distance
between sald shoulders in said cylindrical
fittings to permit limited axial movement of
said cylindrical body portions and said cone
centric coil springs relative to said cylindrical

fittings and said flexible sleeve.

2. The cordless portable electric‘screwdriver
as defined in Claim 1 wherein said generally cylindrical
body portion at said first end of said flexible extenw

sion shaft terminates in a male hex shank and said chuck

" includes a female hex shankereceiving opening defining

said complementarily shaped non~circular crosswsections,

3. The cordless portable electric screwdriver
as defined in Claim 2 wherein said means for holding
said first end of said flexible extension shaft for
rotary driyen motion of said shaft includes a plurality

of fingers associated with said chuck.

4, The cordless portable electric screwdriver

.55 &;fined in Claim 1 wherein said generally cylindrie=

“”cal body portion at said second end of said flexible

exténsibn shaft terminates in a female hex ghankareceiVo

ing opening and said t?ol includes a male hex shank de~
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fining said complementarily shaped non-circular crossw

sections.

5. The cordless portable electric screwve
driver as defined in Claim L wherein said means for

holding said tool for rotary driven motion includes

a detent associated with said female hex shankwreceivs

ing opening in said second end of said flexible exten-

sion shaft,

6. The cordless portable electric aerevdriver
as defined in Claim 1 including a shaft biasing coil
spring disposed about said concentric éoil springs of
said flexible extension shaft, said shaft biasing coil
spring being disposed between said shoulder in one of
said cylindrical fitfings and the corresponding one of .
said cylindrical body portions to normally bias the
other of said cylindrical body portions into engage~
ment with said shoulder in the other of‘aaid cyline

drical fittingse

7. In a cordless portable electric screwdriver

- having a chuck for normally holding a tool for rotary
OO by

g
- tdri‘en motion at one end thereof, the jmprovement com-

a flexible extension shaft having a first end

adapted to cooperate with said chuck and a
. /;
BAD ORIGINAL
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second end adapted to hold said tool for
rotary driven motion, said first end of said
flexible extension shaft and said chuck have
ing complementarily shaped non-circular crossw
sections, said chuck having an axis and bew
ing adapted to receive said first end éf said
flexible extension shaft by means of axial in=-
sertion of said shaft into said chuck with

said non~circular croas~sections in rotationale
1y aligned relationship and said chuck also |
including means for holding said first end of
said flexible extension shaft for rotéry driven
motion of said shaft, said second end of said
flexible extension shaft and said tool ﬁaving
complementarily shaped non-circular crosse
sections, said second end of said flexible
extension shaft including means‘for holding

said tool for rotary driven motion thereof;

said flexible extension shaft normally being

disposed so as to be substantially entirely
coaxial with said chuck, said flexible exw
tension shaft being universally deflectable
relative to said axis of said chuck &c as to
position said second end»of said ghaft‘and

said tool at an acute angle relative to said
, ,
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axis of said chuck, said tool being rotary
driven by said cordless portable electric
screwdriver through said flexible extension

shaft;

one of said first end of said flexible extene

sion shaft and said chuck including a male
hex shank and the other of said first end of
said flexible extension shaft and said chuck
inqlﬁding a female hex shank~receiving openw
ing defining said complementarily shaped none

circular eross-sections;

one of said second end of said flexible exten

sion shaft and said tool including a female
hex shank-receiving opening and the other of
said secona‘end of said flexible extension
shaft and said tool including a male hex
shank defining said complementarily shaped

non-circular cross-sections;

one of said first and second ends of said flexie

ble extension shaft including a generally cye
lindrical body portion terminating in said
male hex shank and the other of said first
and second ends of said flexible extension
shaft including a generally cylindrical body

portion terminating in said female hex shanke
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receiving opening;

said flexible extension shaft including a plu~-

rality of concentric coil springs in tighé~
ly wound adjacent relation extending between
and secured to said geénerally cylindrical
body portions of said first and second ends
of said shaft to accommodate universal de=
flection of said shaft relative to said axis ’

of said chuck; and

a flexible sleeve disposed about said concen~

tric coil springs, said flexible sleeve
having cylindrical fittings secured thereto
at opposite ends thereof so as to define a

shoulder internally of each of said fittings,

said cylindrical fittings each being adapted

to receive one of said cylindrical body por=

tions thereins

said cylindrical bpdy portions being spaced

apart by a distance greater than the distance

between said shoulders and said cylindrical
fittings to.permit‘linited axial movement

of said cylindrical body portions and said

concentric coil springs relative tolsaid Ccy=

lindrical fittings and said flexible sleeve,

8. The corllesF portable electric screwdriver
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as ﬁefined in Claim 7 including a shaft biasing coil
spring disposed about said concentric coil springs

of said flexible extension shaft, said shaft bias~
ing coii spring being disposed between said shoulder
in one of said cylindrical fittings and the correse
ponding one of said cylindrical body portions to nore
mally bias the other of said cylindrical body portions
into engagement with said shoulder in the other of

said cylindrical fittings,

BURTON KOZAK
Inventor
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