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57 ABSTRACT 
Axially spaced cams and bearing rings mounted on a 
tube are permanently secured to the tube by circumfer 
entially spaced projections on the tube extending into 
grooves formed on the inside surfaces of the cans and bearing rings, 
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Re. 34,565 2 
Briefly described, the camshaft comprises a rotatable CAMSHAFTOR REC PROCANG SON tubehaving a plurality of circumferentially spaced ar 

NGINES ally extending projections or its outside surface. The 
p projections are formed by expanding portions of the 

Matter adopoda heavy brackets appears in the 5 wall of the tube away from the axis of the tube, Axially 
original potent but forum no part of this relan poetreae . spaced cans and bearing rings are mounted about the 
tong matterprinted initales indicates the additions made tube. Each can and each bearing ring has circumferen 
by rene. tially spaced, acially extending grooves on their inner 

surface. The projections of the tube extend into Application is a contanation of application Ser. Na 10 grooves of the cans and bearing rings to permanently 
6090 find No. 1, 1992, now abandoned secure the cams and bearing rigs on the tube. 
This invention relates to camshafts for reciprocating Briefly described, the new method of making a cam 

platon . More particularly, this invention is a shaft comprises axially pacing and placing the cans 
w and a new method of making a camshaft and bearing rings on the rotatable tube. Bach can and 

in which bearings, came and the like are produced as 15 each bearing ring has circumferentially paced, artially 
individual parts and are fastened to the shaft. extending grooves on their inner surfaces. Portions of 
The U.S. Pat. No. 4,382,390, issued May 10, 1983, to the wall of the tube are espanded away from the tube 

Friedrich Jordan and entitled, "Crashaft for axis and into the grooves on the inner surfaces of the 
cating Piston Engines", a hown a camshaft in cans and bearing rings, 
bendings, arts and the like are produced as individual 20. The invention, as well as its many advantages, may be 
parts and are fastened to the tube. In the Jordan came further understood by reference to the following de 
shaft, a tube is expanded by hydraulic or rubber means tailed description and drawings in which: 
to conform to the outside waii of the tabe with the F.G. 1 is a longitudinal nection showing the axially 
inside surface geometry of the can and bearing ring. spaced cans and bearing ring slipped over the tube; 
However, a big disadvantage in making the Jordan 23 F.G. 2 is a sectional view taken along lines 2-2 of 
camshaft is that the wall and the axis of the tube inside F.C. 1 and in the direction of the arrow 
the cans is completely offet from the wall and the axis G. 3 is a sectional view taken alon lines 3-3 of 
of the rest of the tube. Thus, it is necessary that the cans F.C. 1 and in the direction of the arrows; 
be inserted into a die which corresponds to their outer F.G. 4 is a longitudinal section through the camshaft 
shape in order to be sure that the widening of the hol- 30 showing the parts after an r tool has proved 
low shaft will not cause substantial deformation of the partially through the tube to longitudinal pore 

d tions of the tube; 
The Canahaft for a reciprocating pinton engine and F.G. S is a view taken along line S-S of FIG. 4 and 

the aethod ofiaking such a camshaft of this invention in the direction of the arrows; and 
does not require that portions of the tube wall be con- 33 F.G. 6 is a sectional view, on an enlarged scale, 
pletely offetto an axis different from the aris of the rest showing the interlocking arrangement of a tube projec 
difthe tube. Therefore, the forcesaecessary to interlock tion into the groove of the can; and 
the cams had bearing rings with the tube are far less FG, 7 is a longitudinal section through the camshaft 
than the forces required by Jordan and usually the per showing the parta after an expander tool has moved 
cially formed die required by Jordan is unnecessary. 40 axially through and from one longitudinally outermost 
Other current methods for naking camshafts in member to and through the other longitudinally outer 

which bearings, cans, and the like are produced as not member. 
individual parts and fastened to a tube include Kai- in the various figures, like parts are referred tobylite 
formly expanding a tube to interlock with axial spines numbers. 
in the can inside diameter. A uniform internal pressure 43 Referring to the drawings and more particularly to 
is applied to expand the tube to uniformly natch the FG. , the aanufacture of the camshaft is accoon 
outside diameter of the tube with the inside diameter of plished by slipping the cans and 12 and bearing rings 
the can. At this pressure, the can is not yet stressed and 14 (only one bearing ring shown) over the tube 13 at the 
no tube insterial has flown into the plines. In order for desired location. The carry and bearing rings are axially 
asterial to flow into the pines, the internal preasure in 50 paced fron one another and held is position in their 
the tube Rust be increased. At the higher pressure, as desired acial and radial positions. 
the tube material flows into the splines, the cylindrical The inside surfaces oftench can and the inside surface 
inside diameter portion of the can is stressed. The re- of the bearing ring having inside diameter sufficiently 
ulting teasile stresses in the can inside diameter tend to larger than the outside diameter of the tube 13 to pro 
cane cracks if the can is in the soft state of lent treat- SS vide a tube-to-Can clearance and tube-to-bearing ring 
eat. Even if the can is in the soft state, the stres clearance ranging from 0.00 inches to 0.010 inches. 

situation is undesirable and is typically countered by the Thus the cans and the bearing ring may be easily slipfit 
application of external pressure on the can equivalent over the tube. 
to that of the internal streases. To apply the external The inside surface of can 10 and the inside surface of 
streasing, soone neans of preasurization is set-up stochas 60 ca 12 have circumferentially paced grooves and 
a die or hydraulic system which always increases costs. 2, respectively, axially extending completely through 
The cashaft for a reciprocating piston engine and the cans 10 and 12. 

the method of making such a canshaft of this invention Similarly, the inside surface of the bearing ring 14 has 
require anch nailer total energy (force). The stress- circumferentially paced grooves 2 artially extending 
in of the inside diacteau of the cans and bearings is 63 completely through the bearing fins 4. 
esentially eliminated. Thus, fully hardened cans and To permaneatly secure the cans and bearing ring on 
bearings can be readily attached to the tube at very low the tube, portions of the wall of the tube are expanded 
Colt. away from the tube axis and into the grooves on the 



3 Re, 34,565 4 
inside surfaces of the cans and bearing ring. In the tube-to-bearing ring clearance ranges from 0.00 inches 
embodiment shown in FGS. 4 through F.G. 6, the to 0.00 inches. The grooves in the cans and the 
portions of the tube are mechanically expanded. grooves in the bearing ring may be approximately 0.020 
As shown in FIG. an expander too 6 is shown inches deep with a radius ranging from 1/8 to inch. 

after it has beenoyed pily through the tube. 5. The expandes tool 3 would have an outside diameter 
The epider tube of his been goved axially of about 0.020 inches less than the inside diameter of the 
through the bearinsing 14 and the can 129f dorse, tube 13 with the protrusions. 2s having an effective 
to completely nake the camshaft, the operation will be outside diameter approximately 0.080 inches larger than 
completed after the expander tool S6 has noved the inside diameter of the tube 13. 

- through the an as shown in FIO, 7. A plurality of 10 The tube 13 is preferably made of formable steel 
g E. having a maximum hardness of R 40, he cans are sial protrusions rebeddediheep preferably made of steel which is hardenable to a mini 

def to dispent one of the expander tools numharines of Rs. Powder forged AS4660 series 
The effective diameter of the protrusia 2s is sufi- material have also been successfully used as cana. The 
ciently larger than the inside diameter of the tube 13 to 15 bearing rings are preferably steels or iron compatible 
series with the bushings. Also, powdered metal rings have 

y the behaving an apparent hardnes of Rao. 
As shown in FIG.S, the emispherical hard material i. A canahan for reciprocal piston engines compris 

poss tooth the 2 innotabledoanievin myth the signed interwentalysedimentercluding 
issipee it any speed mandered to 

terial into the grooves. As a result of the expansion, the the tube, the rotatable tube and the axially spaced men 
entire circumference of the tube 3 is noved outwardly, bers , cams, and bearings having the same axis; the 
Because of the slight difference between the initial dis 25 rotate tube having a plurality of circumferential 
netic cent y and bearing ring the outside surface of the tube presses i ially Air A. 
g against the inside surfaces of the cams and bear- nally tending E. the E. Otteot through 

leted camshaft recip piston tudinally outernot member, said circumferentially 
al include the tube E. plur 3. spaced projections being spaced apart from each other, 

o the projections being formed by expanding circumfer giggigi Eises EEEEE, it re, O Core, O Po o s he wrofthe newly frontensofthtube. Note 35 in Eat Placed ent having Plurality of cir that alofthose portion of the waii which aredisplaced filly speedy extendins, proves on 
are expanded away from the axis of the tube so that their its inner surfaces; surface, said circumfe there is no offet of displacement of the tube wall. That entially spaced proves being sced apart from each 
is, the axis of the can and the axis of the bearing ring other, each projection of the tube extending only Par 
are the same as the axis of the remainder of the tube 13. 40 rally into a groove of each slally spaced member This is in sharp contrast to the camshaft shown in the Canada groove feach bearing ring top-ranently 
U.S. Pat. No. 4,382,390 issued May 10, 1983 to Frie- secure the eans and bearing rings on the tube 
drich Jordan and entitled, "Camshaft For Reciprocal the anaellar malay the fathe characterized by expansion 
Piston Engines". The projections of the tube extend into contact with the liner serface of the axially 
into the grooves of the cans and bearing to perma- 45 spaced member, each projection of the tube character 
neatly secure the cans and bearing ring on the tube, bed by expansion greater than the expansion of the 
As a specific example, the tube 13 may range from 1 annular ball of the fibe between projections. 

inch to inches outside diameter with a wall thickness 2. A catashay as in clair wherein said axially spaced 
ranging from 0.125 inches to 0.50 inches, depending on members include carves 
the intended use of the cashaft. For example, cam- 30 3. Mearshaft as in cladar whereira said axially spaced 
shafts for automotive and diesels would be larger than members include carves and bearing rings 
for other purposes, The tube-to-cam clearance and the 
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CERTIFICATE OF CORRECTION 
PATENT NO. : Re. 34, 565 
DATED : March 22, 1994 
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John P. Cook and Jeffrey A. Clark 
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is hereby corrected as shown below: 
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