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This s a continuation of Ser. No. 10
epplication application o

009,304, filed Nov. 1, 1990, now
This invention relates to

the cams is completely oifset from the
of the rest of the tube. Thus, it is necessary
be inserted into a die which corresponds
shape in order 1o be sure that the widening

havluaplu'lﬁtyafchﬂmhenﬂnllywnﬂ-
extending projections on its opuide mﬁae. The

ally

‘projections are formed by
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Re. 34,565
3 4

inside surfaces of the cams and bearing ring. In the  tube-to-bearing ring clearance ranges from 0.001 inches
embodiment shown in FIGS. 4 through FIG. 6, the 10 0.010 inches. The grooves in the cams and the
portions of the tube are mechanically expanded. grooves in the bearing ring may be approximately 0.020
“As showsn in FIG. 4 an expander tool 36 is shown  inches deep with a radius ranging from 1/8 to § inch.
after it has been moved partially through the tube 13. 5 The expander tool 36 would have an outside diameter
The expander [tube] s00/ 36 has been moved axially  of about 0.020 inches less than the inside diameter of the
through the bearing ring 14 and the cam 12. Of course,  tube 13 with the protrusions 28 having an effective
to completely make the camshaft, the operation will be  outside diameter approximately 0.080 inches larger than
completed after the expander tool 36 has moved  the inside diameter of the tube 13.
. through the cam 10 a3 shown in FIG. 7. A plunality of 10  The tube 13 is preferably made of formable steel
;;ﬂdrc}mfmti-llr m;ﬂm-emi-lphedf{umped having a maximum hardness of R 40. The cams are
material embedded i €Ipall-  areferably made of steel which is hardenable 10 & mini-
der tool 36 adjacent one end of the expander tool 36.  pym hardness of R 58. Powder forged AISI 4660 series
The effective diameter of the protrusions 28 is suffi-  py51eria1 have also been successfully used as cams. The
ciently larger than the inside diameter of the tube 13 to 13 bearing rings are preferably steels or iron compatible
cause the protrusions to expand portions of the tube 13 ¢y, the bushings. Also, powdered metal rings have
mtothem;rowumdbunughgmwper- beenmedhmglntppmthﬂdmofm
maneatly secure the cams and bearing ring on the tube. 1 claim:
Mlhﬂ“hneimcmwmmm 1. A camshaft for reciprocal piston engines compris-
protrusions 28 are ed 50 that as the protrusions 20 ;0. o rotatable end expandable tube having an axis and
move within the tube past the cam or bearing the hard ) 0157 wall; and axially spaced members [including
material protrusions 28 will expand the softer tube ma- axially spaced cams and bearing rings] mounted sbout

terial into the grooves. As & result of the ex the _ . :
entire circumference of the tube 13 is moved outwardly. z;“i:he' the “::‘bl‘ ?“b‘;":‘ the “t:':b’ mmt:e
Because of the slight difference between the initial di- 25 , cams, and bearings] having the same axis;

ameter of the tube 13 and the inside surfaces of the cams  "Oiiavic tibe having & plurality of circumfereatially
and bearing ring, the outside surface of the tube presses mlpwed mmmamm entire circumference
tightly against the inside surfaces of the cams and bear- mﬂﬂm JL:'W“SI‘ from one longitudi-
e Sy s e o s e g
The completed camshaft for reciprocating piston 30 ’ .
engines will include the rotatable tube 13 with the piu-  5psced projections being spaced apart from each other,
rality of circumferentially spaced axislly extending pro- B¢ Projections being formed by expanding circumfer-
jections 30 (sec FIG. 6) on its outside surface. The pro- entially spaced portions of the wall of the tube away

jections are, of course, formed by expanding portions of fmthen_isol'thetube,uch [‘flml'ﬂdmhbﬂﬁl}s
‘the wall of the tube away from the axis of the tube. Note 35 fingl axially spaced member having a pluraiity of cir-

that all of those portions of the wall which are displaced cumferentially spaced axially extending grooves on
are expanded away from the axis of the tube so that [their] its inner [surfaces]) ; surface , said circumfer-

there is no offset or displacement of the tube wall, That  catially spaced grooves being spaced apart from each

is, the axis of the cams and the axis of the besring ring  Other, each projection of the tube extending only par-
are the same as the axis of the remainder of the tube 13. 40 f@@lly into & groove of each axially spaced member,
This is in sharp contrast to the camshaft shown in the  [cam and a groove of each bearing ring to permanently -
U.S. Pat. No. 4,382,390 issued May 10, 1983 to Frie-  secure the cams and bearing rings on the tube] -
drich Jordan and entitled, “Camshaft For Reciprocal the annular wall of the tube characterized by expansion

Piston Engines”. The projections of the tube extend into contact with the inner surface of the axially

into the grooves of the cams and bearing to perma- 45 spaced member, each projection of the tube character-

nently secure the cams and bearing ring on the tube. ized by expansion greater than the expansion of the
As u specific example, the tube 13 may range from 1 annular wall of the 1ube between projections.

inch to 1§ inches outside diameter with a wall thickness 2. A camshaft as in ciaim 1 wherein said axially spaced
ranging from 0.125 inches to 0.150 inches, depending on ~~ members Include cams:.

the intended use of the camshaft. For example, cam- 30 3. 4 camshqft as in claim 1 wherein said axially spaced
shafts for automotive and diesels would be larger than ~ members include cams and bearing rings.

{or other purposes. The tube-to-cam clearance and the * % ¢
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‘ UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. © Re. 34,565
DATED ; March 22, 1994

INVENTOR(S) : Michael J. Hartnett, Robert Lugosi, James Rollins,

John P. Cook and Jeffrey A. Clark
It is certified that error appears in the above—identified patent and that said Letters Patent

is hereby corrected as shown below:

In Claim 1, column 4, line 37 of the Patent, change "; surface"

to --surface-—-

Signed and Sealed this
Nineteenth Day of July, 1994

BRUCE LEHMAN

Attesting Officer Commissioner of Patents and Trademarks
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