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Patented Jan. 6, 1948 2434,080 

UNITED STATES PATENT OFFICE 
Application November 5, 1945, Serial No. 626,878 

(CI, 123-90) Claims. 
- 1. 

The invention relates to push rods of the type 
used in valve actuating mechanisms of internal 
combustion engines and to a method of making 
the same. 
An important object of the invention is to pro 

Wide a push rod that is strong and rugged in con 
Struction but exceedingly light in weight. 
Another object of the invention is to provide 

a push rod that is simple in construction and in 
expensive to manufacture. 

Still another object of the invention is to pro 
vide an efficient method of making the push rod. 
Yet another object of the invention is to pro 

wide a novel method of capping the ends of the 
push rod that effects a strong, rigid union between 
the caps and the terminal portions of the rod. 
Other objects and advantages of the invention 

Will be apparent during the course of the follow 
ing description. 

In the drawing, forming a part of this specifica 
tion and wherein like numerals are employed to 
designate like parts throughout the same, 

Figure 1 is a side elevation of a push rod em 
bodying the invention, parts being broken away 
and shown in section for clearness of illustration, 

Figure 2 is a side elevation of a tubular metal 
rod as it appears before the end caps are applied 
thereto, Figure 3 is a fragmentary longitudinal Sectional 
view through one of the end caps and a terminal 
portion of the tube showing the initial relation 
ship of the parts during the capping operation, 

Figure 4 is a view similar to Figure 3, but show 
ing the end of the tube pressed into the cap, 

Figure 5 is a view similar to Figure 4, but illus 
trating the relationship Of the parts after the tube 
has been pushed farther into the cap, 
Figure 6 is a view similar to Figure 5 but illus 

trating a subsequent step in the capping opera 
tion and showing the tube expanded radially into 
the circumferential enlargement provided in 
the side wall of the cap, 

Figure 7 is a vew similar to Figure 6 but illus 
trating the relationship of the parts during the 
final step of the capping operation and showing 
the tube folded or upset against the inner end of 
the cap, 

Figure 8 is a longitudinal sectional view through 
a modified tube and cap showing the manner in 
which an oversize tube can be capped according 
to the present invention and illustrating the ini 
tial relationship of the parts during the capping 
Operation, - 

Figure 9 is a view similar to Figure 8 but illus 
trating the relationship of the tube and cap after 
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2 
the capping operation has been completed, and 

Figure 10 is a longitudinal sectional view 
through a second modified tube and cap and 
showing the relationship of the parts after the 
final capping operation. 

Considered in certain of its broader aspects, the 
invention comprises a push rod of the type shown 
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in my copending application, Serial No. 548,267, 
which was filed August 5, 1944. However, the 
push rod embodying the instant invention differs 
structurally from the push rod shown in the 
application and it is formed by an entirely differ 
ent method. 
According to the present invention, the ter 

minal portions of a tubular metal rod are inserted. 
in preformed caps of relatively harder material 
and the parts subjected to an axially compressive 
force. The sockets of the caps are provided with 
spherically curved bottom portions and circum 
ferential enlargements in at least a portion of 
their side walls so that application of force in the 
above manner first causes the ends of the tube 
to be pressed against the curved bottom portions 
of the caps. Since the caps are of relatively 
harder material, this operation causes the ends of 
the rod to yield and follow the bottom surfaces 
of the sockets. When the resistance offered by 
the tube to further deformation becomes Sufi 
ciently great, its side wall expands radially into 
the circumferential enlargements. Continued 
application of pressure then causes the portions 
of the tube extending from the caps to fold out-. 
wardly or upset against the inner ends of the 
caps. Preferably, the inner ends of the caps are 
then compressed slightly to assure a Snug, tight 
fit with the tube. The capping Operation is Com 
pleted and the caps are strongly and rigidly 
united with the tube. 

Obviously, there are a number of different ways 
in which the tube and caps can be mechanically 
held or supported during the capping operation; 
however, this conveniently may be done by grip 
ping the tube immediately behind the point at 
which the final upset occurs and then pressing 
the caps toward each other whereby to Subject 
the rod to an axially compressive force. The tube 
preferably is held mechanically by suitable grip 
ping jaws and pressure is applied to the caps in 
any suitable manner such as by mechanically or 
hydraulically driven rams. - 
This method of forming the push rod permits 

the finished product to be held to an accurate 
longitudinal dimension. If the jaws which grip 
the tube are accurately and uniformly spaced, 
all the push rods will be brought to the same 
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longitudinal dimension since the final upset oc 
curs in the portion of the tube extending between 
the end of the cap and the jaws. The method 
of forming the tube is such that it can be made 
automatically by mechanical means. 5 

In practice, the caps are first formed, then 
hardened and preferably brought to an externally 
highly finished condition before they are applied 
to the tubes. Since the caps are small they can 
be economically manufactured and readily han-10 
dled. The capping operation preferably is done" 
cold so as not to affect the finish of the caps. 
From the foregoing it will be apparent that the 

push rod embodying the instant invention COm 
prises an elongated, relatively thin-Walled metal 15 
tube which carries end caps of relatively hard . 
metal and having circumferential enlargements: 
in the side walls thereof. 
The portions of the rod within the caps press . 

against the ends of the latter, enter the circum- 20 
ferential enlargement in their side Walls and have 
radial extrusions Which bear against the tinner 
ends thereof... The interlocking engagement thus: 
provided by the deformed portions of the tuber 
hold the caps Solidly and permanently: aSSociated 25 
thereWith 
For a more detailed description of the inven 

tion: reference is had to the accompanying: draw 
ing wherein the numeral 28; designates a tubular 
metal rod and the numerals, 22 and 24 designate '30s 
caps on the ends of the rod. The rod 2 is formed 
from any suitable thin-Walled tubing Of Sufficient 
strength to Sustain the stresses to which it will 
bei Subjected in use, and the caps 22 and 24 are 
formed from a hardenable steel or other suitable, 35 
metal. Which is relatively Stronger than the rod. 
Each of the caps is preformed and has a spheri 
cally, curved convex end portion 26 provided with 
an oil' Opening .28 and a cylindrical side wall 30, 
provided intermediate its ends. With a circumfer. 40 
ential enlargement 32. 

If the rod :20 is of relatively small diameter, the: 
composite push rod is preferably formed in the 
manner illustrated in Figures 3-7. A suitable tu 
bular rod 2 somewhat Shorter than the finished 45 
product is selected and placed between suitable, 
gripping, jaWS (now shown). Which engage it at 
accurately spaced, predetermined points. The 
caps 22 and 24 are then applied: to the projecting 
portions of the rod, as shown in Figure 3. These 50 
caps may be applied either singularly or simula. 
taneously; however, in the interest of brevity, and 
clarity, the description will be limited to the man 
ner in which cap 22 only, is applied... It will be: 
understood that, in practice, it is... contemplated 55: 
that both-of-the-caps may be applied in the same . 
manner and at the same time... 
The cap 22 can easily be pushed onto the tubei 

29 to the position shown in: Figure. 3... The tube 
fits Snugly in the mouthportion: 34 and passes: 60. 
readily through the . circumferentially enlarged 
portion. 36. However, the portion-38 of the side: 
wall behind enlargement 32 is slightly smaller: 
than the external diameter of the tube and icon 
siderable pressure must be applied to the cap to ; 65. 
push it farther onto the -tube: to the position: 
shown in Figure 4. During the latter operation. 
the length of tubing- within the wallportion: 38: 
is contracted slightly to provide a press fit there. 
betWeen. 70; 
When the end of tube; 29. reaches the curved 

Surface : 48, it continues to follow the contour of 
the Wall... and; ... consequently, is", contracted 3 or 
Curved in Wardly, as shown:inishigure 5. It Will be: 
readily appreciated: that as the cap: 22 ris pro4: 75. 

4. 
gressively forced onto the tube 20, the resistance 
offered by the latter becomes greater. When the 
resistance is sufficiently great, the tube 20 yields 
at the point 42 where it enters wall portion 38 
and expands radially against the circumferen 
tially enlarged wall portion 36. The expanded 
portion of the tube is designated by the numeral 
44 and, as shown in Figure 6, it closely follows 
the outline of the enlargement and is pressed 
solidly against the wall of the latter. 
As Soon as the tube expands radially in the 

manner hereinabove described, resistance to fur 
ther movement of the cap 22 becomes so great 
that the portion of the tube extending between 
the cap and the gripping jaws upsets, as at 46, 
against the inner end of the cap. This step is 
ShoWn...in Figure 7 and, as Soon as it occurs, 
the capping operation is complete. 
In practice, the entire operation can be per 

formed rapidly and with very little danger of 
damage: to the parts. The interlocking engage 
ments between the: cap and the rod holds the 
former-solidly, united with the tube. 

If it is necessary or desirable to make the tube.' 
20 'Stronger and relatively larger in diameter as 
shown in Figures 8 and 9 the end caps 22 and 24 
are preferably maintained: Small in order to min 
imize'...the-weight of the -push rod. Therefore, 
the tends of: the rod are spun down or otherwise 
reduced in diameter to provide terminals 48 of 
substantially the same diameter as the internal 
annular Surfaces. 38 of the caps. The terminals 
48-are-joined to the tube .204 by annular tapered 
shoulders 58 and the mouths - 34 of the caps are 
made slightly largerin: diameter than the external 
diameter of the tube; Thus, when the tube is 
held and the caps: 22 and 2.É.-applied thereto.in 
the manner hereinabove described with reference 
to the first form of the invention, a snug or light 
press fit is provided between the terminals 48 
and the cylindrical wall portions 38: When the 
annular shoulders.50 engage the inner: tapered 
Surfaces" of the circumferential enlargements 36, 
they provide Sufficient resistance so that the tube . 
expands radially into the enlargements and up 
Sets against the inner edges of the caps as best 
shown in Figure 9. 
AS Suggested, the push rod construction shown. 

in:Figures s8 and 9 conveniently may be used 
whenever it is necessary or desirable to employ, 
a- relatively large rod 20 but undesirable corre 
spondingly to increase thesize and weight of end 
caps 22 and, 24. . By maintaining the end caps 
Small, a Substantial saving in weight results and 
this is an exceedingly important factor in a de 
Vice of this character. - 

Reference is now had to Figure 10 which shows 
a modified type of end cap. In this form of the 
invention, the end cap is designated by the nu 
meral 52 and is provided with a spherically curved, 
Concave end Wall:54 and an iniwardly tapered cy. 
lindrical side wall 56. In the end wall 54 is an 
oil. Opening :58 which permits a lubricant to cir 
culate through; the push: rod; and to the bearings 
at each end; thereof in the conventional manner. 

... The mouth 63 of cap:52 snugly receives the tube 
28 and the cap can be easily pushed on the tube: 
until the latter; engages the end 54; Continued 
axial pressure against the cap 52, while maintain 
irig the tube:23 stationary in the manner; hereins. 
above described, causes the innerispherical sur- - 
face of the tend. 54 to spread: the tube solidly 
against the Wall 56 and the portion of the tube 
extending between the cap and the clamping jaws 
to upset, as at 62, against the inneriend of the: 

t 



2,434,080 
5 

cap. It Will be observed that, the Spread portion of 
the tube 20 which seats Solidly against the inner 
surface of wall 56 cooperates with the upset por 
tion 62 to hold the cap 52 firmly united with the 
tube. 

It is to be understood that the form of the in 
vention herewith shown and described is to be 
taken as a preferred example of the same and 
that various changes in the size, shape and ar 
rangement of parts may be resorted to Without 
departing from the Spirit of the invention or the 
Scope of the appended claims. 

Having thus described the invention, I claim: 
i. An engine push rod comprising an elongated 

rod, and a cap on at least one end of the rod, the 
side walls of said cap being circumferentially en 
larged intermediate its ends, the portion of the 
rod in Said cap entering said enlargement and 
the portion of the rod extending from and im 
mediately adjacent to the cap being circumfer 
entially enlarged and bearing against the end of 
the cap. 

2. An engine push rod comprising an elongated 
rod, and caps on the ends of the rod, the side walls 
of each cap being circumferentially enlarged in 
termediate its ends, the portions of the rod in 
Said CapS entering said enlargements and the por 
tions of the rod extending from and immediately 
adjacent to the caps being circumferentially en 
larged and bearing against the ends of the caps. 

3. An engine push rod comprising an elongated 
relatively thin-walled metal tube, and caps on 
the ends of the tube, the side walls of each cap 
being circumferentially enlarged intermediate its 
ends, the portions of the rod in said caps having 
radial extrusions which enter the enlargements 
of said caps, and the portions of the rod extend 
ing from but immediately adjacent to the caps 
having radial extrusions which bear against the 
ends of the caps, Said extrusions within the caps 
and said extrusions outside the caps coacting to 
hold the caps securely on the terminal portions 
Of the rod. 

4. An engine push rod comprising an elongated 
relatively thin-Walled metal tube, and caps on the 
ends of the tube, each of said caps having a spher 
ically curved end portion and being circumferen 
tially enlarged intermediate its ends, the ends of 
the rod Seating Solidly against the ends of the 
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6 
caps, said rods also provided with radial extrusions 
Which enter the circumferential enlargements 
and additional radial extrusions which bear 
against the inner ends of the caps. 

5. An engine push rod comprising an elongated 
relatively thin-Walled metal tube and a cap on 
the end of the tube, said cap having a convex 
outer end and being circumferentially enlarged 
intermediate its ends, the end of the rod within 
said cap being curved inwardly and seating solidly 
against the end of the cap, said rod also provided 
With a radial extrusion which fits Snugly within 
the circumferential enlargement and a separate 
radial extrusion which bears against the inner 
end of the cap. 

6. An engine push rod comprising an elongated 
relatively thin-walled metal tube, and a cap on 
the end of the tube, the outer end of said cap 
being concave and the side wall thereof being in 
Wardly tapered, the end of the tube seating solidly 
against the end of the cap and the terminal por 
tion of the tube being flared and seating solidly 
against the side wall of the cap, and a radial ex 
trusion in Said rod bearing against the inner end 
of the cap and coacting with the flared terminal 
portion thereof to hold the cap securely on the 
rOd. 

7. An engine push rod comprising an elongated 
rod, and a cap on at least one end of the rod, the 
side Walls of Said cap having a radially enlarged 
portion Spaced axially from the inner end thereof, 
a portion of the rod in said cap entering said ra 
dially enlarged portion and a portion of the rod 
extending from and immediately adjacent to the 
cap being circumferentially enlarged and bearing 
against the end of the cap. 

LEONARD J. ROSA. 
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