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of elasticity, a length c, mutual spacings d and being 
bounded by sealing lips on a hydraulic expanding 
device so that In (a-b)=n (c-d) na--(n-1) 
b= n.c.+(n-1) d, pushing the hydraulic expanding 
device into the hollow shaft; and 

applying a pressure through the hollow shaft to the 
active sections stressing the material of the active 
sections radially beyond the given limit of elasticity. 
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METHOD OF FASTENING DRIVE ELEMENTS OF 
A HOLLOWSHAFT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to a method of fastening drive 
elements on a hollow shaft. 
The method is described below by using an example 

of a cam shaft for four-cycle internal combustion en 
gines, but it is similarly applicable to other drive ele 
ments, such gears, bearing shells and the like which are 
to be fastened to a smooth shaft, so as to be secure 
against rotation and axial shifting. Although numerous 
fastening possibilities are known from German Pub 
lished, Non-Prosecuted Application No. DE-OS 23 36 
241, they appear to be too costly to be used for mass 
production. 

It is accordingly an object of the invention to provide 
a method of fastening drive elements on a hollow shaft, 
which overcomes the hereinafore-mentioned disadvan 
tages of the heretofore-known devices of this general 
type, and which permits a maximum number of drive 
elements to be simultaneously fastened on a shaft with a 
minimum number of operations. Instead of expensive 
turned parts, less expensively producible precision tub 
ing is to be used for the shafts, and machining and heat 
treating operations which may be required on the drive 
elements themselves should be performed prior to the 
actual assembly. 
With the foregoing and other objects in view there is 

provided, in accordance with the invention, a method 
of fastening drive elements on a hollow shaft, which 
comprises: 

pushing n drive elements with a thickness a over a 
hollow shaft, retaining the drive elements at mutual 
spacings b and in respective desired azimuthal posi 
tions to be assumed by means of holding devices; 
providing active sections of a material with a given 
limit of elasticity, a length c, mutual spacings d and 
being bounded by sealing lips on a hydraulic ex 
panding device so that n(a+b)= n(c-d) 
na--(n-1)b = n.c.--(n-1)d, pushing the hydraulic 
expanding device into the hollow shaft; and apply 
ing a pressure through the hollow shaft to the ac 
tive sections stressing the material of the active 
sections radially beyond the given limit of elastic 
ity. 

Hydraulic expanding devices of this type are known 
in principle, although each has only one active section, 
e.g. for the fastening of heat exchanger tubes in tube 
plates. The method according to the invention is also 
well adapted to the pairing of materials such as a rela 
tively tough, readily deformable shaft material with the 
higher grade, normally hardened material of the drive 
elements, which is desirable for other reasons as well. It 
is not difficult to adapt the hydraulic expanding device 
to the number of drive elements to be fastened on the 
shaft in one operation and to adapt it to their possibly 
uneven mutual spacings. 

In accordance with a concomitant mode of the inven 
tion, there is provided a method which comprises mak 
ing a = c or b = d. This method is used because it appears 
advantageous to utilize the entire contact area between 
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the drive elements and the associated shaft sections to 
produce the positive frictional connection. 

Other features which are considered as characteristic 
for the invention are set forth in the appended claims. 
Although the invention is illustrated and described 

herein as embodied in a method of fastening drive ele 
ments on a hollow shaft, it is nevertheless not intended 
to be limited to the details shown, since various modifi 
cations may be made therein without departing from 
the spirit of the invention and within the scope and 
range of equivalents of the claims. 
The invention, however, together with additional 

objects and advantages thereof will be best understood 
from the following description when read in connection 
with the accompanying drawings, in which: 

FIG. 1 is a fragmentary, diagrammatic, axial, longitu 
dinal sectional view taken along the line -I in FIG. 2, 
in the direction of the arrows; and 

FIG. 2 is an elevational view as seen along the arrow 
II in FIG. 1. 

Referring now to FIGS. 1 and 2 of the drawings in 
detail, there is seen a camshaft for a four-cylinder inter 
nal combustion engine such as is used in motor vehicles, 
having cylinders Z1 to Z 4 with cams 1 which control 
intake valves and other cams Z which control outlet 
valves. The cams are retained by an appropriate number 
of holding tools or devices 3 which may be tong or 
clamp-shaped. The holding devices are in respectively 
required azimuthal alignment, are accurately spaced 
axially and are coaxial. The cams or drive elements 1 
and 2 are finished, i.e. ground and hardened. The cams 
or drive elements have a uniform thickness, but need 
not necessarily have the illustrated unifornity and are 
disposed at distances b1, b2, b3 from each other, which 
may vary if desired. A hollow shaft 4 formed of a rela 
tively tough steel is pushed through bores formed in the 
cams 1, 2 with a sightly larger diameter than the shaft. 
A hydraulic expanding device 5 is pushed into the hol 
low shaft 4 when the shaft is pushed through the bores 
or in a second operation. In addition to conventional 
non-illustrated pressure generating devices, the expand 
ing device 5 is formed of a tube 6 on which active sec 
tions are installed at varying distances (d1,d2, d3 corre 
sponding to the mutual spacings of the cams or drive 
elements. The active sections have a width c which may 
be narrower than a width a of the cams as shown but 
preferably is the same. In the latter case, the distances 
b1, b2, by between the cams are naturally equal to the 
distances d, d, d3. The active sections are formed by 
elastic rings or sealing lips 7 which are inserted in pairs 
into grooves formed in the surface of the tube 6. At least 
one hole 8 is provided in the tube 6 between each two 
rings of a pair through which hydraulic fluid can escape 
into the space between the elements 7. The elements 7 
are constructed in such a way that they are slightly 
smaller than the inside diameter of the tube 4 in their 
relaxed state while contacting the inner wall surface of 
the tube 4 when pressure is applied, preventing the 
escape of the hydraulic fluid from the active sections to 
a large extent. The hydraulic fluid pressure is sufficient 
to expand the tube 4 in the vicinity of the active sections 
by exceeding the elasticity limit. After the conclusion of 
this process in all of the active sections, the device S is 
simultaneously made pressureless again for all drive 
elements and is pulled out of the tube 4. The holding 
devices 3 can then be opened and the can shaft can be 
transported to the location of the next operation. 
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FIG. 2 shows the sectors associated with the individ 
ual cylinders Z 1 AND Z 4 in which the valves associ 
ated with the cylinders must be controlled and which 
accordingly determine the can orientation, 
The foregoing is a description corresponding in sub 

stance to German Application No. P 3530 6009, filed 
Aug. 27, 1985, the International priority of which is 
being claimed for the instant application, and which is 
hereby made part of this application. Any material dis 
crepancies between the foregoing specification and the 
afore-mentioned corresponding German application are 
to be resolved in favor of the latter. 
We claim: 
1. Method of fastening drive elements on a hollow 

shaft, which comprises: 
pushing In drive elements with a thickness a 

over a hollow shaft of a material with a given limit 
of elasticity, retaining the drive elements at mutual 
spacings Ib and in respective desired azimuthal 
positions by means of holding devices; providing a 
hydraulic expanding device having active sections 
with a length Ic, mutual spacings d and 
being bounded by sealing lips on a hydraulic 
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4. 
expanding device so that n(a+b) = n(c-d) 
bounding the active sections, pushing the hydraulic 
expanding device into the hollow shaft; 

applying a pressure through the hydraulic expanding 
device to the active sections stressing the material 
of portions of the hollow shaft opposite the active 
sections radially beyond the given limit of elasticity 
and into secured engagement with the drive ele 
ments; - 

reducing the pressure at the active sections; and with 
drawing the hydraulic expanding device from the 
expanded hollow shaft. 

2. Method according to claim 1 4, which com 
prises making a = c. 

3. Method according to claim 1, which comprises 
making b=d. 

4. Method according to claim 1, which comprises mak 
ing n, a --(n-1)b = n.c.--(n-1)d, wherein n is the number 
of drive elements, a is the thickness of the drive elements, b 
is the spacing between the drive elements, c is the length of 
the active sections, and d is the spacing between the active 
sections. 
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