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(57) ABSTRACT 
A telescopic drive shaft includes an axially extending 
inner shaft member slidably supported within an axially 
extending tubular shaped outer shaft member. Rolling 
bodies are mounted in one or a plurality of support 
members secured to the inner or outer shaft member. 
The rolling bodies project and roll along axially extend 
ing grooves in the other of the inner and outer shaft 
members. The rolling bodies provide relative sliding 
movement between the shaft members and also effect 
torque transmission between the shaft members. Each 
rolling body extends into at least one ring-shaped recess 
in its support member and guide balls located in the 
recess support the rolling body. Each recess is located 
in a plane parallel to the axis of the drive shaft, at least 
three guide balls are located in each recess, though a full 
ring of guide balls can be used. 

5 Claims, 7 Drawing Figures 
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TELESCOPC DRIVE SHAFT 

SUMMARY OF THE INVENTION 

The present invention is directed to a telescopic drive 
shaft consisting of an inner shaft member axially slid 
ably guided in a tubular outer shaft member and rolling 
bodies extend between the inner and outer shaft mem 
bers for guiding the axial movement and also for trans 
mitting torque. The rolling bodies are held and guided O 
within one or more support members located in one of 
the inner and outer shaft members. 

Telescopic shafts are known, note German Pat. No. 
1,219,291, in which the danger of breaking a telescoping 
section of the shaft due to seizing is reduced, even in the 
case of high or peak torques, by filling the annular hol 
low space within the shaft with oil. Such ball guidance 
is very cumbersome and is effective only with consider 
able additional seals. When leaks develop in the system, 
oil loss and the penetration of dirt is to be expected and, 
accordingly, trouble-free ball guidance is no longer 
ensured. When the sealing arrangement is damaged, 
during further operation, seizing of the sectional parts 
must be expected with the resulting danger of breakage 
occurring in the telescopic shaft. 

In view of the prior art, it is the primary object of the 
present invention to provide a telescopic drive shaft 
which provides, in a simple arrangement, the guidance 
of the rolling bodies which effect torque transmission. 
The rolling bodies are guided so that there is only low 
friction developed during the sliding movement of the 
shaft parts with the rolling bodies which provide torque 
transmission rolling between the inner and outer shaft 
parts during telescopic movement. 

In accordance with the present invention, each roll 
ing body is supported within a support member by at 
least three guide balls with the guide balls located in 
annular recesses in the support member. 

This arrangement has the advantage that, if peak 
torques are developed, possible seizing of the telescop 
ing shaft sections is prevented because the rolling bodies 
continue to roll between the outer and inner shaft mem 
bers, even under the influence of increasing friction 
caused by the peak torques, and a low friction is main 
tained due to the use of the guide balls. Overall, a 
smooth running operation of the entire telescopic shaft 
is achieved. 
Another essential feature of the present invention is 

that, in addition to the annular arrangement of the re 
cesses, each recess is located in a plane extending paral 
lel to the axial direction of the shaft members. 

In such a telescopic shaft construction, the surface 
pressure and the friction can be reduced by placing 
more than three balls in each of the annular recesses or 
grooves. Each recess can be completely filled with 
guide balls so that a closed ring of the guide balls is 
formed. This feature results in very advantageous fric 
tion coefficients and, additionally, the surface pressure 
is distributed over all of the guide balls. 
To attain an economical production of the support 

member or members in which the guide balls are posi 
tioned, in another feature of the present invention, the 
support members are constructed as separate compo 
nents each fitted into and secured within one of the shaft 
members. 

For the transmission of larger torques, in accordance 
with another essential feature of the invention, each 
rolling body is supported within several recesses which 
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2 
are arranged in spaced parallel relation. It is advanta 
geous and, as far as production is concerned, possible 
without any difficulty to arrange the guide balls for 
each rolling body in several recesses each located in a 
different parallel plane. With this arrangement espe 
cially advantageous values of the friction between the 
rolling bodies and the shaft members is obtained and 
low surface pressure is developed during torque trans 
mission. 
Moreover, the recesses holding the guide balls can be 

constructed as bores or grooves in the support member. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. 
For a better understanding of the invention, its operat 
ing advantages and specific objects attained by its use, 
reference should be had to the accompanying drawings 
and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing: 
FIG. 1 is an axially extending sectional view of a 

portion of a telescopic drive shaft; 
FIG. 2 is a sectional view taken along the line I-I in 

FIG. 1; 
FIG. 3 is an axially extending sectional view similar 

to FIG. 1, illustrating another embodiment of a tele 
scopic drive shaft, however, with the rolling bodies 
held in the inner shaft member; 
FIG. 4 is a sectional view taken along the line II-II of 

FIG. 3; 
FIG. 5 is a detail view, on an enlarged scale, of a 

support member for a rolling body; 
FIG. 6 is a sectional view similar to FIG. 5 showing 

another embodiment of a support member for a rolling 
body, with the view shown on an enlarged scale; and 

FIG. 7 is a bottom view, partly broken away, of the 
support member shown in FIG. 6. 
DETAIL DESCRIPTION OF THE INVENTION 

In FIGS. 1 and 2 a telescopic drive shaft is illustrated 
which consists essentially of an axially extending tubu 
lar shaped outer shaft member 1 forming a hollow cylin 
drical space 2 with a ring 3 secured to and extending 
around the inside of the outer shaft member. A plurality 
of recesses 4 are spaced angularly apart around the 
circumference of the ring 3 and a support member 5 is 
held in each of the recesses. The support members 5 are 
fixed directly to the inner surface of the outer shaft 
member 1 and, on one hand, hold a number of guide 
balls 6 within grooves or recesses 7, in the support mem 
ber and, on the other hand, support the rolling bodies 8 
which transmit torque between the sections of the tele 
scopic drive shaft. The rolling bodies 8, in the form of 
balls in this embodiment, are arranged in the recesses 7 
of each support member and the guide balls 6 within the 
recesses provide an exact support for the rolling bodies. 
Moreover, each rolling body is guided within an axially 
extending groove 9 formed into the outer surface of 
inner shaft member 10. Grooves 9 extend parallel to the 
axis of the inner shaft member 10 and serve for the 
relative shifting or sliding movement between the inner 
shaft member 10 and the outer shaft member 1 so that 
the rolling bodies are held in the corresponding support 
members 5 and the inner shaft member 10 can perform 
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a relative movement along the rolling bodies 8 in the 
grooves 9, ... ' ' : . . 

In this embodiment, to provide axial stability, , an 
additional ring 11 is secured within the inner surface of 
the outer shaft member 1 and encircles the inner shaft 
member 10. The bore 12 in the ring 11 slides on the 
outer surface of the inner shaft member 10 with the aid 
of a sliding layer 13 located in the bore 12. It would be 
possible, however, to position another ring 3 at the 
location of the ring 11, provided with additional sup 
port members 5 and rolling bodies 8. 
To seal the hollow space 2 within the outer shaft 

member 1 from the atmosphere and also to prevent the 
penetration of dust and dirt, a sealing boot 14 is 
mounted on the outer shaft member 1 and on the inner 
shaft member 10. 
To keep the friction down and to increase the guid 

ance of the rolling bodies 8, in the embodiment illus 
trated, two recesses 7 are provided in the support mem 
ber 5 with the recesses located in spaced planes so that 
several guide balls 6 in each recess, located in different 
planes, support the rolling bodies 8 which provide the 
torque transmission between the shaft sections. 
FIGS. 3 and 4 display another embodiment of a tele 

scopic drive shaft designed on the same basic concept as 
the embodiment in FIGS. 1 and 2. The difference be 
tween the two embodiments is that the grooves 15 in 
FIGS. 3 and 4 are located in the outer shaft member 1 
and these grooves 15 serve to accommodate the sliding 
movement of the telescopic shaft in its axial direction. 
Rolling bodies 8 which transmit the torque between the 
outer and inner shaft members 1, 10 are arranged in 
recesses 7 in a unitary support member 16 secured to the 
end of the inner shaft member 10. For attaching the 
support member 16 to the inner shaft member 10, it is 
provided with a cylindrical extension 17 on the end 
facing toward the inner shaft member. The extension 17 
has a wall thickness corresponding to the wall thickness 
of the inner shaft member 10. The connection between 
the extension and the inner shaft member can be ef 
fected, for example, by welding. In this embodiment, 
the axial stability of the telescopic drive shaft is ensured 
by a ring 11 fixed to the outer shaft member 1 and guid 
ing the inner shaft member 10 within a sliding layer 13 
located in its radially inner surface. The hollow space 2 
within the drive shaft is sealed by a sealing ring 18, one 
end of which is provided with a stripping ring 19. The 
support member 16 is constructed to provide the same 
function as the individual support members 5. The sup 
port member 16 has a pair of recesses for each rolling 
body 8 with the recesses located in spaced parallel 
planes and with guide balls located in each recess and 
providing a support for the rolling body. 

It will also be possible to provide an embodiment 
similar to that shown in FIG. 3 where the individual 
support members 5 are directly inserted into the inner 
shaft member 10. 
FIGS. 5 and 6 exhibit alternate constructions of the 

support members 5. In FIG. 5, the support member 5 is 
constructed as a deep-drawn sheet metal part, the reces 
ses.7 are formed directly in the part so that the guide 
balls 6 roll in the recesses. This embodiment ensures a 
simple assembly, since the support member can be in 
serted into and fastened within a bore 20 in the outer 
shaft member 1. Rubber elements 21, 22 located within 
the recesses 7 in the support member serve to dampen 
any noise generated as a result of dimensional differ 
ences within the support members. The noise can also 
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4. 
be dampened, however, by means of an inwardly de 
formed pocket pressed into the outer shaft member 1, 
since in this case resilience of the material can be ex 
pected. ... " . . . 

The support member 5 illustrated in FIG. 6 is formed 
in the same manner as the one shown in FIG. 5, how 
ever, in this case, an additional sheet metal part 24 is 
provided on the support member so that it holds the 
rolling body within the support member. Accordingly, 
the support member can be assembled as a unit includ 
ing the drive balls 6 and a rolling body 8 for subsequent 
insertion into the telescopic drive shaft as needed. 
The support member 5 illustrated as a detail in FIG. 

7, shows how a ball 8 is supported by a ring of guide 
balls 6 which are arranged around the entire circumfer 
ence of the recess 7. In FIG. 7 only one plane of the 
drive balls 6 is shown, however, from the illustration 
provided in FIGS. 5 and 6 it can be noted that the drive 
balls 6 are arranged in adjacent parallel planes. 
While specific embodiments of the invention have 

been shown and described in detail to illustrate the 
application of the inventive principles, it will be under 
stood that the invention may be embodied otherwise 
without departing from such principles. 
What is claimed is: 
1. Telescopic drive shaft comprising an axially ex 

tending tubular shaped outer shaft member, an axially 
extending inner shaft member located within said outer 
shaft member with the axes of said inner and outer shaft 
members disposed in substantially parallel relation, roll 
ing bodies located within said outer shaft member and 
extending between said outer shaft member and inner 
shaft member for effecting axially sliding movement of 
said inner shaft member relative to said outer shaft 
member and for effecting torque transmission between 
said inner and outer shaft members, said rolling mem 
bers being mounted in at least one support member 
secured to one of said inner and outer shaft members 
and movably supported in grooves formed in the other 
one of said inner and outer shaft members, wherein the 
improvement comprises that said at least one support 
member has at least one recess formed therein for each 
said rolling body and at least three guide balls located in 
each said recess for supporting said rolling body associ 
ated therewith, said outer shaft member includes a first 
ring concentric with said inner shaft member with the 
radially inner surface of said ring spaced closely out 
wardly from the outer surface of said inner shaft mem 
ber, said first ring having bores formed therein spaced 
axially apart around the inner circumference of said 
ring, said at least one support member comprises one 
said support member secured in each bore in said ring, 
each said support member having two concentric reces 
ses formed therein for each said rolling body with at 
least three said guide balls in each said recess, and said 
recesses in each said support member being located in 
spaced planes extending parallel to one another and to 
the axes of said inner shaft member. 

2. Telescopic drive shaft, as set forth in claim 1, 
wherein said inner shaft member has a plurality of axi 
ally extending grooves formed in the outer surface 
thereof with said grooves being parallel with the axis of 
said inner, shaft member and corresponding in number 
to said support members with one said groove aligned 
opposite each of said support members, a second ring 
concentric with said inner shaft member and spaced in 
the axial direction of said inner shaft member from said 
first ring, the radially inner surface of said second ring 

American Axle v. Neapco - IPR2025-00090 
PET_AAM_1014-0007



4,280,341 
5 

being disposed in sliding contact with the outer surface 
of said inner shaft member whereby said second ring 
provides axially stability for the drive shaft. 

3. Telescopic drive shaft, as set forth in claim 1, 
wherein each recess is completely filled with a ring of 5 
said guide balls with the adjacent said guide balls being 
disposed in surface contact. 

4. Telescopic drive shaft, as set forth in claim 1, 
wherein each said support member comprises a separate 
support component comprising a deep-drawn sheet 10 
metal part secured into said first ring, said sheet metal 
part having a pair of stepped recesses therein each lo 
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6 
cated in a plane parallel to the plane of the other and 
parallel to the axis of said inner shaft member, each of 
the stepped recesses being concentric and having a 
different diameter with the outer circumferential pe 
riphery of each of said recesses being circular and af. 
fording a supporting surface for said guide balls. 

5. Telescopic drive shaft, as set forth in claim 4, 
wherein a ring of said guide balls is located in each of 
the stepped recesses with adjacent said guide balls dis 
posed in surface contact with one another. 

sk k xk k . 
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