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57 ABSTRACT

Axially spaced cams and bearing rings mounted on a
tube are permaneatly secured to the tube by circumfer-
entially spaced prajections on the tube extending into
grooves formed on the inside surfaces of the cams and
bearing rings.

3 Claims, 2 Drawing Sheets
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iefly described, the camshaft
mmmommmon ubehavlu.nplmﬁtyofdmmwlyapnedaﬂ-

Mattor enclosed in heavy brackets [ J sppears in the 5 wall of the tube sway from the axis of the tabe. Axially

original patent but forms 50 part of this reissue specifica- - spaced cams and bearing rings are

ton; matter printed in italics indicates the sdditions myde tube. Each cam and each bearing ring has circumferen-

by reissue, ﬁnllylpnoed.uhllya!aﬂ:’mvsouthdrhw
projections in

surfaces.

This application is a continuation of application Ser. No. 10 grooves of the cams and bearing rings to permanenti
009,304, flied Nov. 1, 1990, now abandoned, secure the cams and bearing rings on the tebe. Y
) Minmﬂonrdatabammrww. Briefly described, the new method nsking & cam-

piston . More particularly, this invention is a Mmpﬂuuﬂymmm&m

new and & new method of making a camshaft and besring rings on the rotatable tube. Each cam and
hwﬁchbwhp.mudtheﬁkempmdweds 13 uehbwingﬁn;hummylpwed.aﬂ-ﬂy
individual parts and are fastened to the shaft. extending grooves on their inner surfaces. Portioas of

be inserted into a die which corresponds to their outer FIG. 4 is a longitudinat section through the camshaft

chpehmdumbemhtmewwuofﬁem-mmgmmmum tool has moved
low shaft will aot cavse substantial deformation of the mwmmw tongitudina! por-
cama, of the tube;

The camshaft for a reciprocating piston engine and FIQG. 8 is » view taken along lines 5—5 of FIG. 4 and
the method of aking such a camshaft of this invention in the direction of the arrows; Land]
‘does not require that portions of the tube wall be com- 38 FIG. 6 is 2 sectional view, on an enlarged scale,
pletely offsct to an axis different from the axis of the rest dsowinglheinterlockingmnmtohmbewojec-
of the tube. Therefore, the forces necessary fo interlock  tion into the groove of the cam; and
the cams and bearing rings with the tube are far less FIG. 7 ia a longitudinal section through the camshaft

individual pacts and fastened to a tube include uni- In the various figures, like parts are referred to by like
formly with axial splines  zumbers.
intheamhuidedm.Amlfmht«ndpmm 45 _ Referring to the drawings and more particularly to
is applicd t0 cxpand the tube to uniformly match the FIQ. 1, the manufacture of the camshaft is accom-
outside diameter of the tube with the inside dizmeter of plilhedbytﬁpph;themsllndﬂmdbuﬁuﬁnp
the cam. At this pressure, the cam is not yet stressed and 14 (only one bearing ring shown) over the tube 13 at the
no tube material has flown into the splines. Ins order for dedredloulion.muuumdbuﬁngﬁnpmlﬁdly
mﬂmﬁwhm&mﬁugﬁehwﬂmhﬂwdhmmmmhmhm
the tube must be increased. At the higher pressure, as desired axial and radial positions.
the tube material flows into the splines, the cylindrical The inside surfaces of each cam and the inside surface
intide dismeter portion of the cam is stressed. The re- of the bearing ring baving inside dismeters sufficiently
sulting teasile stresses in the cam inside diameter tend 1o larger than the outside diameter of the tube 13 to pro-
canse cracks if the cam is in the soft state of heat treat- 35 vide s tube-to-cam clearance and & ng ring
' ment. Even if the cam is in the soft state, the siress clearance ranging from 0.001 inches to 0.010 inches.
situation is undesirable and is typically countered by the Mtbem:udthebuﬂngdn;mybemﬂydipﬁt
spplication of external pressure on the cam equivalent  over the tube.
to that of the internal stresses. To apply the external The inside surface of cam 10 and the inside surface of
stressing, some mesns of pressurization is set-op, such as 60 cam 12 have circumferentially spaced grooves 22 and
a die or hydraulic system which always incresses costs. M, respectively, axially extending completely through
The camshaft for a reciprocating piston engine and  the cams 10 and 12.
the method of making such a camshaft of this invention Similarly, the inside surface of the bearing ring 14 has
require much smaller total energy (foroes). The stress- circumferentially spaced grooves 26 axially extending
naummwmmmwhumymhmmmu
essentially eliminated. Thus, fully hardened cams and To permancatly secure the cams and bearing ring on
buﬂnpunberadﬂylmchedtothembeuwaylow thewbe,portiouorthewuuonhetubemeupmded
cost. away from the tube axis and into the grooves on the
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inside surfaces of the cams and bearing ring. In the
embodiment shown in FIGS. 4 through FIG. 6, the
portions of the tube are mechanically expanded.

“As shown in FIG. 4 an expander tool 36 is shown
after it has been moved partially through the tube 13.
The expander [tube] 200!/ 36 has been moved axially
through the bearing ring 14 and the cam 12. Of dourse,
to completely make the camshaft, the operstion will be
completed after the expander tool 36 has moved

. through the cam 10 a3 shown in FIG. 7. A plurality of 10

circumferentially aepamed semi-apherically shaped
hard material 28 are embedded i the expan-
der tool 36 adjacent one end of the expander tool 36.
The effective diameter of the protrusions 28 is suffi-

ciently larger than the inside diameter of the tube 13 to 13

cause the protrusions 10 expand portions of the tube 13
into the cam grooves and bearing ring grooves to per-
manently secure the cams and bearing ring on the tube.

As shown in FIG. 5, the semi-spherical hard material

protrusions 28 are positioned so that as the protrusions 20

move within the tube past the cam or bearing the hard
material protrusions 28 will expand the softer tube ma-
terial into the grooves. As a result of the expansion, the
entire circumference of the tube 13 is moved outwardly.
Because of the slight difference between the initial di-
ameter of the tube 13 and the inside surfaces of the cams
and bearing ring, the outside surface of the tube presses
tightly against the inside surfaces of the cams and bear-
ing ring.

The completed camshaft for reciprocating piston 30

engines will include the rotatable tube 13 with the piu-
rality of circumferentially spaced axislly extending pro-
jectiomSO(seeFlG 6) on its outside surface. The pro-

are, of course, formed by portions of

expanding
.the wall of the tube away from the axis of the tube. Note 35

that all of those portions of the wall which are displaced
are expanded sway from the axis of the tube so that
there is no offset or displacement of the tube wall. That
is, the axis of the cams and the axis of the bearing ring

are the same as the axis of the remainder of the tube 13. 40

This is in sharp contrast to the camshaft shown in the
U.S. Pat. No. 4,382,390 issued May 10, 1983 1o Frie-
drich Jordan and entitled, *Camshaft For Reciprocal
Piston Engines”. The projections of the tube extend

into the grooves of the cams and bearing to perma- 45

aently secure the cams and bearing ring on the tube.
As a specific example, the tube 13 may range from 1

" inch to 1 inches outside diameter with a wall thickness

ranging from 0.125 inches to 0.150 inches, depending on

the intended use of the camshaft. For example, cam- %0

shafts for automotive and diesels would be larger than
for other purposes. The tube-to-cam clearance and the

25
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4
tube-to-bearing ring clearance ranges from 0.001 inches
to 0.010 inches. The grooves in the cams and the
grooves in the bearing ring may be approximately 0.020
inches deep with a radius ranging from 1/8 to § inch.
The expander tool 3 would have an outside diameter
of about 0.020 inches less than the inside diameter of the
tube 13 with the protrusions 28 having an effective
outside diameter approzimately 0.080 inches larger than
the inside diameter of the tube 13.

The tube 13 is preferably made of formable steel
having a maximum hardness of R 40. The cams are
preferably made of stee]l which is hardenable 10 & mini-
mum hardness of R 58. Powder forged AISI 4660 series
material have also been successfully vsed as cams. The
hatia;tinpuepm!’enblymelsorimncompaﬁble
with the bushings. Also, powdered metal rings have
beenuledhmanuppumthardmuofkﬂo

I cluim:

1. A camshaft for reciprocal piston engines compris-
ing: a rotatable and expandable tube having an axis and
an annular wall; and axially spaced members [including
axially spaced cams and bearing rings] mounted about
the tube, the rotatable tube and the axially spaced mem-
bers [, cams, and bearings] having the same axis; the
rotatable tube having a plurality of circumferentially
spaced projections spaced around its entire circumpference
and extending axially through and from one longitudi-
nally outermost member to and through the other longi-
tudinally outermost member, said circumferentially
spaced projections being spaced apart from each other,
the projections being formed by expanding circumfer-
entially spaced portions of the wall of the tube away
from the axis of the tube, each [cam and each bearing
ring} axially spaced member having a plurality of cir-
cumferentially spaced axially extending grooves on
[their] its inner [surfaces] ; surface , said circumfer-
entially spaced grooves being spaced apart from each
other, each projection of the tube extending only par-
tially into & groove of each axially spaced member,
[cam and a groove of each bearing ring to permaneatly
secure the cams and bearing rings on the tube]

the annular wall of the tube characterized by expansion

into contact with the inner surfoce of the axially
spaced member, each projection of the tube character-
tzed by expansion greater than the expansion of the
annular wall of the tube between projections.

2. A camshaft as in claim I wherein said axially spaced
members include cams.

3. A camshajt as in claim 1 wherein said axially spaced

members include cams and bearing rings.
* B & & 9
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