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METHOD OF THICKENING THE 

WALL OF A TUBE 
Walter H. Van Deberg, Ferndale, Mich, assignor to Ear! 

A. Thompson Manufacturing Company, a corporation 
of Michigan 

Filed June 30, 1961, Ser. No. 121,216 
12 Claims. (Cl. 72-354) 

This invention relates to cold working metal, and more 
particularly to an improved method of thickening the 
wall of a tube throughout a given axial Zone to obtain 
a desired con?guration of the tube by means of axially 
applied pressure. 

Certain problems have been encountered prior to this 
invention in attempts to obtain tubular work pieces hav 
ing adjacent lengths of varying wall thickness desirable 
for particular products. These problems and the manner 
in which this invention has overcome them are aptly il 
lustrated by the example of valve tappets for internal 
combustion engines. Tappet bodies currently in demand 
utilize as a basic component a tubular length of metal 
having an inwardly thickened portion at one end, and 
having the other end closed by hardenable cam following 
means. 

One method currently in use for obtaining such a con 
?guration of the tubular portion starts with a tube hav 
ing a wall thickness desired at the thick end of the ?nished 
product, and then machines away the metal of part of the 
piece to provide the thinner portion and the desired in 
ternally shouldered shape. Aside from the time involved 
in such a tedious process, the immense amount of turn 
ing scrap out from‘ inside each work piece constitutes a 
substantial percentage of waste material. Also such a 
tappet body has an undesirable grain structure. 

Other processes which start with tubing of the small 
est of the desired ?nished wall thicknesses have not here 
tofore been applicable to the production of tappet bodies. 
One such process is the well known hot upsetting in which 
an axial force applied to the heated end of a length of 
tubing produces an inward thickening of the wall in the 
heated zone if the outer diameter is prevented from 
excess bulging by external dies or other means. This 
process, however, does not lend itself to the formation 
of tappet bodies because of the dii?culty and expense of 
providing heating apparatus with sufficiently accurate 
controls so that the thickening will occur only in the 
desired zone. Furthermore, the inner diameters of both 
portions of the tube have to be machined after the com— 
pressing operation by an internal grinding or other ex 
pensive step to re-establish size, roundness, and concen 
tricity. This plurality of steps is, in the end, comparable 
in cost to the previously mentioned machining operation. 

Accordingly, it is an object of the present invention to 
provide an improved method of forming a tubular product 
for use in a tappet body from an inexpensive grade of 
metal tubing which forms the product with adjacent por 
tions of varying wall thickness without any waste in the 
form of machining scrap and without heating, yet which 
inherently establishes size, roundness and concentricity 
well within desired tolerances. 

Another object of this invention is to provide in the 
art of tube wall expanding an improved method where 
by a short length of tubing is subjected to an axially 
compressive force su?icient to upset the metal wall into 
contact with inner and outer dies to form a product hav 
ing a generally cylindrical exterior wall and a shouldered 
interior con?guration without any buckling, folding and 
creasing of the metal. 
A further object is to provide an improved method of 

cold forming a blank for a tappet body from a piece 
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of metal tubing which may be of an inexpensive variety 
and somewhat out of round which prevents outward and 
inward folding of the tube wall in areas of minimum 
outer diameter and forms a true round tube and thickens 
the wall without interrupting the generally longitudinal 
grain structure of the metal. 

Further objects and advantages of the present invention 
will be apparent from the following detailed descrip 
tion, with reference to the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the several views, and in which: 
FIGURE 1 is a longitudinal sectional view showing a 

length of tubing in transfer member preparatory to its 
insertion in the die; 
FIGURE 2 is a view corresponding to FIGURE 1 

showing the length of tubing inserted in the die by the 
ram member; 
FIGURE 3 is a view corresponding to FIGURE 1 

showing the end portion of the piece of tubing beginning 
to thicken under the axially compressive force of the 
ram member; 
FIGURE 4 is a view corresponding to FIGURE 1 

showing the tube wall fully formed into intimate contact 
with the inner annular die under the intense force or 
the ram member; 
FIGURE 5 is a view corresponding to FIGURE 1 

showing the shouldered internal die stripping the ?nished 
part from the external die and replacing it in the transfer 
member; 
FIGURE 6 is ‘a view corresponding to FIGURE 1 

showing the ?nished part retained by a stripper fork in 
the transfer member while the internal die is extracted 
therefrom and returned to its rest position; 
FIGURE 7 is a fragmentary longitudinal sectional view 

on an enlarged scale of the tube in the dies prior to 
compression and indicating the longitudinal grain struc 
ture of the metal; 
FIGURE 8 is a view corresponding to FIGURE 7 

showing the tube wall beginning to upset and thicken; 
FIGURE 9 is a view corresponding to FIGURE 7 

showing the tube wall in a further state of thickening; 
FIGURE 10 is a view corresponding to FIGURE 7 

showing the tube wall fully formed into contact with the 
internal die and showing how the original grain structure 
still constitutes the common grain of the thicker and 
thinner portions of the wall; 
FIGURE 11 is a longitudinal section view of a ?nished 

part preparatory to other forming operaions which render 
it suitable for use as a blank for a valve tappet body. 
FIGURE 12 is a view of the rolling step utilized on the 

blank to produce an inwardly deformed zone around the 
mid-portion of the blank; 
FIGURE 13 is a view of the next step of the manu 

facturing method which involves the fusion bonding of 
a cast iron end piece to the tube to complete the blank 
for a tappet body in accordance with the principles of this 
invention; 
FIGURE 14 is a fragmentary sectional view corre 

sponding to FIGURE 8 showing the result obtained when 
the piece of tubing does not ?t within the outer annular 
die in accordance with the principles of this invention; 
FIGURE 15 is a view corresponding to FIGURE 14 

showing the undesirable ?nal results of such an operation; 
FIGURE 16 is a fragmentary longitudinal sectional 

view of the thick end of a piece of tubing showing the 
interrupted grain structure resulting from machining away 
part of the internal wall of a thick piece of tubing to ob 
tain the desired shouldered internal con?guration as in 
the prior art practice; and 
FIGURE 17 is a schematic view of the preferred form 

of apparatus for practicing this invention including the 
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mechanico-hydraulic motivator and its ?exible powering 
and controlling connections with the apparatus of this in 
vention. 

In its broader aspects, this invention contemplates 
completely sizing a ?nished tubular part from a compara 
tively short length of inexpensive thus ordinarily rough 
tubing made by processes having large tolerances as to 
volume, roundness, straightness, and concentricity. Ac 
cording to this invention, such a piece of rough tubing is 
forced axially into a cylindrical external die which may 
have a ?aring taper at one end to facilitate the com 
pression of the tubing therein. The external die is 
slightly smaller in diameter than the minimum external 
diameter of the tubing, so that all parts of the tubing, 
even low points on the outer surface are compressed 
slightly beyond the elastic limit. This causes the tubing 
to take a permanent set so that the tube’s outer surface 
completely and permanently shapes itself to the die con 
?guration. An inner sizing mandrel or die is placed 
within the piece of tubing, and it may have a compara 
tively loose ?t to accommodate irregularities in the tub 
ing wall thickness. At one end, the internal mandrel is 
stepped down to a smaller diameter in the zone where 
it is desired that the tube wall be inwardly thickened. 
With the length of tubing thus located around the internal 
form and compressed within the external form, an axially 
compressive forming force is exerted against the ends of 
the tube without prior arti?cial heating to thicken the 
tube and force the inner surface of the tube into inti 
mate contact with the internal form. This produces a 
tubular workpiece having a thickened wall portion at 
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one end which is accurately sized in accordance with ' 
the con?gurations of the internal and external dies, and 
which maintains the parallelism of the original grain 
structure of the metal in a somewhat expanded form. 

Referring now with more particularity to the draw 
ings, FIGURE 1 shows a piece of rough tubing 10 lo 
cated in a cylindrical work piece carrying cavity 12 
located in a transfer member 16, described in more 
detail below. The transfer member can be indexed 
about an axis 14 (FIG. 17). Axially aligned with the 
socket 12 is a die cavity in the press frame or bed 18. 
The die cavity arrangement may comprise a generally 
cylindrical bore serving as an external form 20 having 
a ?ared or outwardly tapered opening 22 de?ning its one 
end and an internal shoulder 24 de?ning its other ex 
tremity. The internal form means may comprise a 
cylindrical mandrel 26 of a radius less than the radius 
of the outer form 21], a stepped down cylindrical por 
tion 28 of a somewhat smaller radius, and a conical 
shoulder section 36 joining the two mandrel sections in 
a concentric relationship. On the end opposite the 
stepped down portion 28, the internal form 26 has an 
enlarged rod portion 32 joined thereto by an external 
shoulder 34 which may have a lateral dimension of about 
half the wall thickness of a piece of tubing. The rod 
portion 32 is slidably received within a bore 36 in the 
frame 18, and serves as a support to maintain the larger 
and smaller diameter portions of the internal form con 
centrically located within the external form 20. 

Axially aligned with the work carrying socket 12 on 
the other side of the shiftable member 16 is a ram 49 
having an annular end pressing surface 42 formed by 
an aperture 44 in its end. The outer diameter of the 
plunger ram 41) is smaller than the diameter of the 
workpiece socket 12 in the transfer member, and very 
closely conforms to the diameter of the external form 
20. The diameter of the aperture 44- in the end of the 
ram is such as to receive the stepped down portion 28 
of the internal form. 
The shiftable index member 16, the ram or press 

plunger 40, and the internal form 26 mounted on the 
shaft 32 are all connected to be shifted relative to the 
press frame 18 by suitable hydraulic motors. Refer~ 
ring to FIGURE 17, the index member 16 may comprise 
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a unit containing at least two of the work piece carrying 
means 12 which is pivotally mounted about a ?xed axis 
14. While a to-and-fro oscillating index member could 
readily be employed for transferring work pieces to and 
from the pressing station, the preferred embodiment of 
this invention employs a turret type index member 
mounted for rotation in a vertical plane, as indicated 
by the dash dot continuation lines 46. This member 
may be intermittently indexed through a predetermined 
interval by a pair of shiftable piston type ?uid motors 
43 and 50. A gear 52 connected as at 54 with the 
index member 16 is adapted to be periodically rotated 
by a pinion 56 rotated by a reciprocating rack 58 
formed on the rod 60 of the piston 62 of the motor 48. 
The pinion 56 is also adapted to be shifted axially by 
the ?uid motor 50 to disengage from the rack teeth 58 
so that the rack may be returned to its rest position 
while the index member 16 remains idle during a press 
ing operation. 
A loading station comprising a gravity fed chute 61 

containing a supply of properly cut lengths of rough 
tubing may be provided to load single work pieces to 
successively presented sockets 12. A ?uid motor 63 
positioned to shift the bottom work piece from the stack 
to a socket may receive pressurized ?uid at either end 
through suitable connections from a source described 
below. Similarly, an unloading station comprising an 
ejector plunger 65 operated by a ?uid motor 67 may be 
provided to remove ?nished work pieces from the 
sockets 12 and discharge them into a suitable carry 
away chute, not shown. 
The ram plunger 40 is formed as the rod of a piston 

64 shiftable through a long stroke within a cylinder 66. 
Hydraulic ?uid admitted to the cylinder 66 through a 
connection 68 serves to retract the plunger 40 from the 
vicinity of the work piece carrying socket 12 at the 
pressing station. An opening 70 admits pressure ?uid 
to the cylinder 66 on the other side of the piston 64 to 
shift the plunger 40 forward during the pressing opera 
tion. Closing the other end of the opening 70 is the 
cylindrical rod 72 of a large area intensi?er piston 74 
shiftable to and fro through a short stroke in a large 
diameter cylinder 76. A connection 78 at the rear end 
of the opening 70 admits hydraulic medium thereto to 
shift the piston 64 forwardly. A connection 80 admits 
pressurized ?uid against one side of the intensi?er piston 
'74 in the cylinder 76, and a connection 82 admits pres 
surized ?uid to the other side of the piston 74. As can 
be seen, when the piston 74 is shifted to the left, its 
rod 72 will cover the connection 78 and then exert an 
extremely high pressure upon the ?uid medium in the 
opening 70 and the cylinder 66 behind the piston 64 to 
enable the plunger 40 to exert an intense forming force 
at the terminal portion of its leftward travel. 
The internal form 26 on the other side of the shift 

able work carrying member is connected with a ?uid 
motor 84 to be shifted to the right to eject a ?nished 
work piece from the external form. The support bar 
32 of the internal form is mounted on the outward end 
of the rod 86 of a piston 88 shiftable to and fro in the 
motor 84. A connection 98 admits pressurized ?uid to 
the rear end of the motor 84 to shift the piston 88 away 
from its rest position for stripping and transferring 
work pieces, and a connection 92 admits ?uid to the 
other side of the piston 88 to return it to its rest position. 
Another ?uid motor 94 located at the pressing station 

contains a shiftable piston 96 on the outward end of 
the rod of which is a bifurcated spacing member 93. 
When the piston 96 is shifted away from its rest posi 
tion by pressurized ?uid admitted to the motor 94 
through a connection 160, the bifurcated member 98 is 
shifted to a position against the press frame 18 and 
within a milled slot 102 in the transfer member 16 adja 
cent a workpiece carrying socket 12. This member 98 
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serves to retain a ?nished work piece in the socket 12 
and support the transfer member 16 against axial de?ec 
tions while the internal mandrel is extracted therefrom 
by rearward motion of the piston 88, as will be explained 
below. 

For the purpose of giving coordinated motivation to 
the various fluid motors described above, there is pro 
vided a mechanico-hydraulic programming system for 
producing a cycle of coordinated movement, illustrated 
diagrammatically in FIGURE 17. This system may be 
constructed as a self-contained unit having its own hous 
ing, not illustrated, which may be positioned at any 
convenient location on or adjacent the machine and 
connected to the various hydraulic cylinders by suitable 
?exible piping. The mechanico-hydraulic drive unit 
comprises a master camshaft 104 carrying a plurality of 
cams 106, the followers of which operate the transmitter 
pistons 108, each of which forms part of a liquid column 
type motion transfer device of which there are nine 
units shown in the diagram of FIGURE 17. Each pis 
ton reciprocates in a cylinder 110 having a head B which 
contains a suitable inlet replenishing check valve 112 
and a high pressure adjustable relief valve 114, both of 
which communicate with a low pressure oil reservoir 116 
preferably formed in a housing enclosing the drive unit. 

For turning the camshaft 184, a motor 118 drives an 
input shaft 120 of a two-speed transmission through a 
belt drive 122. The input shaft 120 drives a pinion 124 
and also the input member of a hydraulically engaged, 
spring-released clutch 126. Pinion 124 drives a gear 128 
secured to a countershaft 130 which carries a pinion 132 
at its opposite end. Pinion 132.drives a gear 134 and 
therewith constitutes a set of change speed gears. Gear 
134 drives the input member of a second hydraulically 
engaged, spring-released clutch 136. The driven mem 
bers of clutches 126 and 136 are secured to the opposite 
end of a shaft 138, having a worm 140 thereon and a 
brake drum 142. The latter has a spring-biased hydraulic 
motor 144 for engaging the brake. Worm 140 drives a 
worm wheel 146 secured to the master camshaft 104. 
For the purpose of automatically controlling the start 

ing, stopping, and speed of the transmission, there is pro 
vided a hydraulic control pump 148 driven from the gear 
134, which may circulate a body of oil contained in the 
housing surrounding the transmission. The pump 148 
may deliver to a combined accumulator and relief valve 
comprising a spring-loaded piston 150 and also supplies 
oil to a bank of control valves 152, 154 and 156. In the 
diagrams, each valve is shown as a two-position valve, 
spring-biased to the position illustrated in which the con 
nections shown in the cross-hatched rectangles are estab 
lished. Single headed arrows are used to indicate ?ow 
at reservoir pressure. and double headed arrows to indi 
cate ?ow at pump delivery pressure. Each of the valves, 
when shifted, establishes the connection shown in the un 
hatched retangles immediately below the hatched rec 
tangles. 

Valve 152 is arranged to be shifted by a solenoid 158. 
The valves 154 and 156 are arranged to be shifted by the 
adjustable cams 168 and 162 respectively, which are posi 
tioned on the camshaft 184. In addition, the valve 154 
has a hydraulic holding cylinder 164 which holds the 
valve 154 in its shifted position until it is released by the 
shifting of valve 156. Valve 152, in the position shown, 
delivers pressure ?uid to engage the brake 144 and also 
exhaust ?uid to release the low speed clutch 136, subject, 
however, to a conjoint control by the valve 154. 
The latter valve, in the position illustrated, exhausts 

?uid to release the high speed clutch 126 and places the 
low speed clutch under the control of the valve 152. In 
its shifted position, valve 154, provided valve 152 has 
been shifted, delivers pressure ?uid to engage high speed 
clutch 126 and exhaust ?uid to release low speed clutch 
136. As previously explained, the valve 156 is merely 
a rest valve for by-passing the holding cylinder 164 to 
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permit valve 154 to return to its spring-biased position 
shown in the drawings. 

Thus, energization of solenoid 158 will start the cam 
shaft rotating at slow speed. Thereafter, the cam 160 
will shift the transmission to drive the camshaft 104 
at high speed, and still later the. cam 162 will again 
shift the transmission to slow speed. So long as the sole 
noid 158 remains energized, the camshaft 104 will con 
tinue to rotate, ?rst at a low speed and then at a high 
speed during each revolution, controlling its own speed 
changes by operation of the cams 160 and 162. 
For the purpose of controlling the drive motor 118 and 

solenoid 158, there is provided an electric control circuit 
connected between a pair of electric supply lines L1 and 
L2. The circuit may include a master relay 166 of the 
holding type having a manual master start switch 168 
and a manual master stop switch 170. Relay 166 con 
trols the motor 118 and also a cycle control relay 172 
of the holding type having a manual cycle start switch 
174 and a manual cycle stop switch 176. The normally 
open contacts of relay 172, which are of the make-before 
break type, control energization of cycle solenoid 158 
directly. The normally closed contacts of relay 172 also 
control solenoid 158, but are in series with a cam switch 
178 on the end of the camshaft 104 and arranged to be 
opened once during each revolution thereof. The ar 
rangement is such that when the cycle stop switch 176 
is operated at any point in the rotation of camshaft 104, 
relay 172 will be de-energized, but solenoid 158 will re 
main energized until cam switch 178 opens at the prede 
termined stopping point. Operation of the master stop 
switch 170, however, will de~energize solenoid 158 im 
mediately, regardless of the point in the cycle, and will 
also de-energize motor 118. 
The camshaft 104, as previously mentioned, drives a 

number of cam operated hydraulic pulsator sections des 
ignated a through i inclusive. Each section may comprise 
units duplicating the single acting pulsating cylinder 110 
the head B of which contains the replenishing check valve 
112 and the spring~closed relief valve 114. All the replen 
ishing and relief valves are connected to a common oil res~ 
ervoir 116 formed in the housing of the unit. The 
reservoir 116 is preferably subjected to a low, super 
atmospheric pressure by a body of compressed air or other 
pressure maintaining arrangements. Check valves 112 
allow ?ow from the reservoir 116 to each cylinder 110 
while relief valves 114 allow ?ow oppositely when the 
cylinder pressure exceeds a certain value. Thus, each of 
the pairs of valves 112 and 114 may be referred to as a 
balancing valve which serves to balance the volume of 
?uid in each of the liquid column sections, as will be later 
described. ' 

The pulsator sections a through i are connected by 
closed liquid column lines with the work performing ?uid 
motors. Pulsator section a is connected by its closed 
liquid column line 180a with the connection 180 of the 
?uid motor 94. The pulsator section b is connected by its 
closed liquid column line 18% with the ?uid motor 48 
for reciprocating the rack 58 to shift the transfer mem 
ber 16. The pulsator section 0 is connected by its closed 
liquid column line 1800 with the connection 80 at the 
rear of the ?uid motor 84 for extending the internal form 
26 to strip the ?nished workpiece from the external form 
20. The pulsator section d is connected by its closed 
liquid column line 18011’ with the ?uid motor 50 for shift 
ing the piston 56 out of engagement with the rack 58 
so that the rack may be reset during the pressing portion 
of the machine cycle. The pulsator section e is connected 
by its closed liquid line 180e with the connection 78 for 
admitting hydraulic medium to the opening 70 at the 
rear of the cylinder 66 of the ram actuating motor; like 
wise, the liquid column line 180g from pulsator section g 
may be connected in tandem therewith to provide an ad 
ditional volume of ?uid on the piston 64 of the ram 40 
to accommodate the unusually long transfer stroke of the 
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ram. The pulsator section 1‘ is connected by its closed 
liquid column line 180f with the connection 82 at the rear 
of the intensi?er cylinder 76. Finally, the pulsator sec 
tions it and i are connected by their closed liquid column 
lines 180/1 and 180i with the ?uid motors 63 and 67, re 
soectively, for operating the loading and unloading sta 
tions associated with the transfer member 16. 

In order to insure proper synchronization of the driv 
ing and driven eleemnts of each pulsator section, it is 
desirable to provide slightly more ?uid displacement in 
the driving or transmitting elements 108, 110 than is 
present in their respective ?uid motors at the opposite 
end of the liquid column line. Thus, at the end of each 
advancing stroke of the transmitter piston 103, a small 
amount of ?uid will be discharged to the reservoir 116 
through the relief valve 114. This amount, plus any 
amount lost by leakage, will be returned to the liquid col 
umn at the end of the return stroke by the operation of the 
replenishing valve 112. 

In FIGURE 17, there are shown several circles marked 
RO connected to the end of the motive cylinders op 
posite the liquid column connections. These symbols des 
ignate the return oil connections by means of which a 
pulsator system may be hydraulically biased so as to 
maintain the follower in close contact with the cam as 
the falling portion of the cam contour recedes from the 
follower. This bias is maintained by a high pressure ac 
cumulator or oil reservoir, not shown, which may be pro 
vided with a manifold whereby all of the RO connections 
are joined together and to the high pressure reservoir. 
The showing of separate return oil connections FIGURE 
17 is indicative of any suitable type of biasing pressure 
source, whether it be a single accumulator or multiplicity 
thereof. The contours of the individual cams 106 are 
likewise not illustrated in speci?c detail since they may be 
formed in accordance with the usual practice to cause 
motivation of each of the respective hydraulic motors in 
accordance with the particular operating cycle desired 
for the machine. Likewise, the speed ratio between the 
high and low speeds of the camshaft 104, and the dura 
tion of the high speed portion of the cycle, may be se 
lected as desired through use of the appropriate change 
gears and through the adjustment of the cams 160 and 
162, if desired. Of course, the two speed feature of the 
transmission may be omitted and the high speed clutch 
126, the cams 160 and 162 and the valve 154 and 156 
eliminated. 

In operation, the above described apparatus may be 
utilized to accomplish the improved method of tube wall 
expanding of the invention. The index member 16 under 
control of the motivator section b and d shifts a workpiece 
socket 12 to the pressing station with a short length 10 
of rough tubing having been positioned in the socket 12 by 
the motor 63 at the loading station under control of the 
motivator section h, shown in FIGURE 1. With the shift 
able member 16 stationary and the pinion 56 disconnected 
from the rack 58 so that the rack may be reset, the cams 
106 at motivator sections 2 and g transfer liquid through 
their respective liquid column lines to the connection 78 
in the opening 70 to shift the ram forwardly into the 
workpiece carrying socket 12 at the pressing station. As 
can be seen in FIGURE 2, the ram 40 will push the piece 
of tubing from the socket 12 and into the axially ad 
jacent tapered or ?ared end of the external form 20 in 
the press frame 18. The diameter of the external form 
20 is slightly smaller than the smallest anticipated diam 
eter of the piece of rough tubing so that the tubing will be 
compressed in the ?ared portion 22 of the form as it 
enters. Aside from sizing the outer diameter of the tube, 
this press ?t accomplishes an anti-buckling or anti-fold 
ing feature discussed below in connection with FIGURES 
14 and 15. 
The piece of tubing is pushed all the way into the outer 

die 20 until it abuts the shoulders 24 and 34 by the long 
stroke of the piston 64. At this point, the cam 106 at mo 
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tivator station 1'' pulses ?uid through the connection 82 to 
the rear side of the intensi?er piston 74 which in turn 
creates high pressure in the liquid behind the piston 64 to 
create an intense forming force transmitted by the ram 40 
to the tubular workpiece. As can be seen in FIGURE 3, 
the end 42 of the ram, which ?ts closely to the outer 
form, acts to thicken the wall of the tube in the zone of 
the stepped down portion 28 of the internal form. 

Regarding FIGURES 7 through 10, it can be seen that 
the thickness of the tube Wall is increased with a plastic 
like ?ow under the intense axial pressure of the ram. This 
type of ?ow maintains the grain structure lines 182, which 
extend generally longitudinally of the tubing, in a general 
ly straight or linear pattern. There is no buckling or 
folding of the metal, but a gradual, ?owing increase in the 
thickness of the wall. This proceeds initially in the mid 
portion of the zone to be thickened, being restrained at 
one end by the large diameter portion 26 of the internal 
form and at the other end by the pressure between the 
metal and the face 42 of the ram. The tube is thickened 
into intimate contact around the full surface of the por 
tions 26, 28 and 30 of the internal form, the grain struc 
ture lines ?owing smoothly into the thickened zone. 
Trapped air and parting agent or other ?uid may escape 
at one end through a narrow vent 31 and at the other 
end it may squeeze between the ram and the inner die 
and be collected in the cavity 44. When this point of full 
thickening is reached, as in FIGURES 4 and 10, the 
lateral dimensions of the tubular part are accurately es 
tablished, the length of individual workpieces varying 
slightly as a result of the volume variations between orig 
inal rough pieces. When the die is thus ?lled, further 
rise on the cam 106 at motivator section f causes excess 
liquid to be diverted through the pressure relief valve to 
the reservoir 116. At this point in the description, an 
advantage additional to the sizing advantages above noted 
of the close press fit between the outer diameter of the 
tubular workpiece and the external form 20 is apparent. 

Regarding FIGURE 14, if there is space between the 
outer surface of the tube wall and the surface of the ex 
ternal form, the following will occur. A completely un 
supported length of tube subjected to axial pressure has 
an inherent tendency to move in the direction of least 
resistance—outwardly. If the length of tube is short 
enough, this tendency will result in a single outward bulge 
surrounding the tube; if the tube is considerably longer 
than its outer diameter, this will result in a plurality of 
axially spaced annular bulges separated by portions which 
will eventually tend to buckle inwardly as axial compres 
sion continues. This, in cross section, takes the form of 
waves which are soon squeezed into folds resulting in 
creases upon the application of su?icient pressure. Even 
though the outer bulging tendency is belatedly constricted 
by means of an external form, after it has once started on 
unheated metal tubing the buckling phenomena continues 
once the longitudinal relationship of the grain structure 
has been disturbed. As seen in FIGURES 14 and 15, 
even a slight space between the original outer surface of 
the wall and the external form will thus result in a 
creased and folded tube end which, while thicker in 
appearance, is merely bent or folded into that con?gura 
tion, and the wall itself is not actually thickened at all. 
This is a very undesirable feature for work components 
such as valve lifter bodies. It results in a weak structure 
having ?ssures and cracks running circumferentially of 
the workpiece both on the inner and outer walls, as 
well as occasional voids around the center of the wall. 

After the wall has been thickened as shown in FIG 
URES 4 and 10, the ram 40 may be retracted from the 
press frame and workpiece carrying socket 12 by hydrau 
lic pressure from the source RO as the cams at the motiva 
tor sections e, f and g recede by continued rotation of the 
camshaft 104. The cam 106 at motivator section 0 may 
then shift the piston 88 forward whereupon the shoulder 
34, at the end of the annular die cavity, strips the ?nished 
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' workpiece from the external die 20, as in FIGURE 5. The 
shoulder 34 continues to push the workpiece until it is 
again located in the workpiece carrying socket 12 of the 
transfer member 16. 
At this point, the cam at motivator section a transfers 

motion via its liquid column 180a to the upper face of 
piston 96 to move the fork 98 between the pressing frame 
18 and the transfer member 16 (FIGURE 6) in abutting 
relationship with the ?nished workpiece. This maintains 
the workpiece in its socket and also steadies the transfer 
member while the internal form is retracted therefrom 
by rearward shifting of the piston 88. During the pressing 
operation, a previously thickened tube is removed from 
the transfer member 16 at the unloading station by opera 
tion of the ?uid motor 67 under control of the motivator 
section i. As the ?uid motors all return to their rest posi 
tions, one machine cycle is complete. 
The product formed by this method as performed by 

the preferred exemplary apparatus described above is 
best seen in FIGURE 11. In longitudinal central sec 
tional elevation, the tubular workpiece has a cylindrical 
body portion 184 of a predetermined wall thickness, an 
axially adjacent portion 186 which forms an internal 
shoulder, and a thickened end portion 188. The radial 
dimensions of this part are accurately sized, and the three 
axially adjacent portions have a continuous common, 
longitudinally extending grain structure which expands 
gradually from the thinner to the thicker wall portion. 
FIGURE 16 shows, by way of comparison, the appear 

ance of the tube Wall grain structure of a part formed 
from an initially thick piece of tubing which has had one 
portion machined out. It will be observed that the grain 
structure of the thick portion of the wall comes to an 
abrupt end at the internal shoulder, as compared with the 
gradually expanding, completely intact grain structure 
preserved in the article of this invention. 
FIGURE 12 represents the next tube Working opera 

tion in the method of forming bodies for valve tappets. 
Internal arbors 200, 202 having external shoulders 204, 
206, respectively, are inserted in opposite ends of a work 
piece with each shoulder abutting an end thereof. A 
plurality of rollers 2G8 of the forming variety are then 
moved radially into the rotating workpiece intermediate 
its ends while the shoulders 204 and 206 exert an axially 
compressive force on the work piece to produce an an 
nular deformed wall portion having both the inner and 
outer diameters reduced. The inner diameter of this 
deformed portion may be reduced to a diameter corre 
sponding to the inner diameter of the thickened wall por 
tion 188 formed by the previous wall upsetting step of ' 
the method. This also may be a cold forming step, and 
it produces an internal diameter sized to the mandrel 202 
and an external cannelure or annular groove which may 
serve as an oil pickup groove in the ?nished product. 
The next step in forming the metal blank for use with 

valve tappets (FIG. 13) involves the joining of a closure 
member 300 to the unthickened end of the tubular 
work piece. This closure member may comprise a 
cast iron button having an outer diameter correspond 
ing to the outer diameter of the tube, and a con 
centric upstanding central section 302. which may fit 
telescopically within the end of the tube to provide 
a larger joining area. A pair of electrodes 304, 306, 
one engaging the tube and the other engaging the button 
390, produce a fusing heat above the melting tempera 
ture of the cast iron end piece but below that of the steel 
tube. Compressive members 310, 312 then exert an ax 
ially compressive force to upset‘the steel of the tube into 
intimate contact with the raised portion 302 of the button 
30%} as a fusion ‘bond is formed by the electric heating 
current at the outer extremity of the joint. This ?nal 
step in the production method produces a cup-shaped 
tappet body having an inwardly thickened rim 188, an 
annular inwardly deformed groove around the mid-section 
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of the wall, and a wear resistant bottom 300 adapted to 
follow a rotary cam in an automotive internal combustion 
engine. 

Thus, in three steps, all of which lend themselves ad 
mirably to mass production techniques, a blank for a 
valve lifter body is formed having a tubular skirt portion 
with two portions of reduced inner diameter, and one 
portion ‘of reduce-d outer diameter for an oil pickup 
groove; the cast iron end piece fusion bonded to the un 
thickened end of the skirt portion completes the unitary 
structure to provide a part of complex shape without any 
waste. 
The ?rst of these operations, the expanding of the tube 

Wall to provide a thickened wall portion, maintains sub 
stantially the original inherent parallelism of the grain 
structure of the original tube wall, and produces the de 
sired radial dimensions without the necessity of a heating 
operation. The mechanico-hydraulic power and control 
apparatus of this invention performs the tube wall ex 
panding method in a manner which lends itself admirably 
to mass production techniques, the total cycle time of 
such a machine being in the neighborhood of one second. 
While the above described embodiment constitutes a 

preferred mode of carrying out this invention, many other 
forms might be adopted within the scope of the actual 
invention, which is variously claimed as: 

1. The method of cold thickening an axial zone of a 
tubular metal workpiece which includes taking a nomi 
nally circular tube having a longitudinally extending 
grain, which tube may vary slightly from precise circular 
shape and has a nominally uniform outside diameter, 
which diameter may vary slightly along the length of the 
tube, pressing the tube axially into a cylindrical die having 
in said zone a uniform internal diameter slightly less than 
the minimum outside diameter of the tube to form the 
portion of tube in the zone into a precisely circular shape 
of uniform outside diameter, which portion in the zone is 
uniformly rigidly supported radially by intimate contact 
with the die as a result of the forming operation, using 
an internal form in said zone of the tube, and applying 
to the tube at opposite ends of said zone axially compres 
sive force to shorten the tube and cause the cold metal 
to flow and conform accurately to the internal form with 
out folding or ‘bending to make a workpiece having a thick 
walled annular portion and an axially adjacent thin walled 
annular portion in which workpiece the grain of the 
metal remains generally straight and parallel to the axis 
throughout the length of the workpiece and expands 
smoothly and continuously, from the thin walled portion 
into the thick walled portion. 

2. The method of cold thickening an axial zone of a 
tubular metal workpiece which includes taking a nomi 
nally circular tube having a longitudinally extending grain, 
which tube may vary slightly from precise circular shape 
and has a nominally uniform outside diameter, which 
diameter may vary slightly along the length of the tube, 
radially supporting the tube against outward deformation 
rigidly and uniformly along the length of the zone, using 
an internal form in said zone of the tube, and applying 
to the tube at opposite ends of said zone axially compres 
sive force to shorten the tube and cause the cold metal 
to ?ow and conform accurately to the internal form with 
out folding or bending to make a workpiece having a 
thick walled annular portion and an axially adjacent thin 
walled annular portion in which workpiece the grain of 
the metal remains generally straight and parallel to the 
axis throughout the length of the workpiece and expands 
smoothly and continuously from the thin walled portion 
into the thick walled portion. 

3. The method of cold thickening an axial zone of a 
tubular metal workpiece which includes taking a nomi~ 
nally circular tube having a longitudinally extending grain, 
which tube may vary slightly from precise circular shape 
and has a nominally uniform outside diameter, which 
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diameter may vary slightly along the length of the tube, 
pressing the tube axially into a cylindrical die having in 
said zone a uniform internal diameter suf?ciently less 
than the minimum outside diameter of the tube to deform 
the tube beyond its elastic limit and permanently to form 
the portion of tube in the zone into a precisely circular 
shape of uniform outside diameter, which portion in the 
zone is uniformly rigidly supported radially by intimate 
contact with the die as a result of the forming operation, 
using an internal form in said zone of the tube, and apply 
ing to the tube at opposite ends of said zone axially com 
pressive force to shorten the tube and cause the cold 
metal to ?ow and conform accurately to the internal form 
without folding or bending to make a workpiece having a 
thick walled annular portion and an axially adjacent thin 
walled annular portion in which workpiece the grain of 
the metal remains generally straight and parallel to the 
axis throughout the length of the workpiece and expands 
smoothly and continuously from the thin walled portion 
into the thick walled portion. 

4. The method of cold thickening an axial zone of a 
tubular metal workpiece which includes taking a nomi 
nally circular tube having a longitudinally extending grain, 
which tube may vary slightly from precise circular shape 
and has a nominally uniform outside diameter, which 
diameter ‘may vary slightly along the length of the tube, 
placing the tube in a carrier, placing the carrier to hold 
the tube in axial alignment with a cylindrical die having 
in said zone a uniform internal diameter slightly less 
'than the minimum outside diameter of the tube, pressing 
the tube axially into the die by means exerting a ?rst 
force in one direction on one end of the tube to form 
the portion of tube in the zone into a precisely circular 
shape of uniform outside diameter, which portion in the 
zone is uniformly rigidly supported radially by intimate 
contact with the die as a result of the forming operation, 
using a shouldered internal form in said zone of the tube, 
applying to the opposite end of the tube a force which 
is derived from the shoulder and opposes said ?rst force 
while said ?rst force is maintained so that the two forces 
shorten the tube and cause the cold metal to flow accurate 
ly against the internal form without folding or bending to 
make a workpiece having a thick walled annular portion 
and an axially adjacent thin walled annular portion in 
which workpiece the grain of the metal remains generally 
straight and parallel to the axis throughout the length of 
the workpiece and expands smoothly and continuously 
from the thin walled portion into the thick walled por 
tion, ejecting the workpiece from the die into the carrier 
by said shoulder while withdrawing the means exerting 
the ?rst force, holding the workpiece in the carrier and 
withdrawing the form from the interior of the workpiece. 

5. The method of cold thickening an axial zone of a 
tubular metal workpiece which includes taking a nomi 
nally circular tube having a longitudinally extending grain, 
which tube may vary slightly from precise circular shape 
and has a nominally uniform outside diameter, which 
diameter may vary slightly along the length of the tube, 
placing the tube in a carrier, placing the carrier to hold 
the tube in axial alignment with a cylindrical die having 
in said zone a uniform internal diameter slightly less 
than the minimum outside diameter of the tube, pressing 
the tube axially into the die by means exerting a ?rst 
force in one direction on one end of the tube to form 
the portion of tube in the zone into a precisely circular 
shape of uniform outside diameter, which portion in the 
zone is uniformly rigidly supported radially by intimate 
contact with the die as a result of the forming operation, 
using a shouldered internal form in said zone of the tube, 
applying to the opposite end of the tube a force which 
is derived from the shoulder and opposes said ?rst force 
while said ?rst force is maintained so that the two forces 
shorten the tube and cause the cold metal to flow accurate 
ly against the internal form without folding or bending to c 
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12 
make a workpiece having a thick walled annular portion 
and an axially adjacent thin walled annular portion in 
which workpiece the grain of the metal remains generally 
straight and parallel to the axis throughout the length of 
the workpiece and expands smoothly and continuously 
from the thin walled portion into the thick walled por 
tion, ejecting the workpiece from the die into the carrier 
by said shoulder while withdrawing the means exerting 
the ?rst force, holding the workpiece in the carrier while 
withdrawing the form from the interior of the workpiece, 
moving the workpiece in the carrier away from the die, 
and ejecting the workpiece from the carrier with said 
force-exerting means. 

6. The method of forming a tubular tappet blank from 
a nominally circular tube having a longitudinally extend 
ing grain, which tube may vary slightly from precise cir 
cular shape and has a nominally uniform outside diameter, 
which diameter may vary silghtly along the length of 
the tube, which method includes radially supporting the 
tube against outward deformation rigidly and uniformly 
along the length of a zone to be thickened, using an in 
ternal form in the tube, the form having a ?rst cylindrical 
portion ?tting the inside diameter of the tube and a con 
centric portion of materially smaller diameter disposed 
in the zone, applying to the tube at opposite ends of the 
axially compressive force to shorten the tube and cause 
the cold metal to ?ow and conform accurately to the in 
ternal form without folding or bending to make a work 
piece having a thick walled annular portion and an axially 
adjacent thin walled annular portion in which workpiece 
the grain of the metal remains generally straight and 
parallel to the axis throughout the length of the work 
piece and expands smoothly and continuously from the 
thin Walled portion into the thick walled portion, holding 
in the open end of the thin walled portion a mandrel 
which ?ts the diameter of the thin walled portion, hold 
ing in the remainer of the thin walled portion a second 
mandrel whose diameter ?ts the inside diameter of the 
thick walled portion, and rolling an inside annular head 
into the thin walled portion to ?t the second mandrel, 
thereby to form a tappet blank having two portions of re 
duced inside diameter and one portion of reduced outside 
diameter. 

7. The method of forming a tubular tappet blank from 
a nominally circular tube having a longitudinally ex 
tending grain, which tube may vary slightly from precise 
circular shape and has a nominally uniform outside 
diameter, which diameter may vary slightly along the 
length of the tube, which method includes radially sup 
porting the tube against outward deformation rigidly and 
uniformly along the length of a zone to be thickened, 
using an internal form in the tube, the form having a ?rst 
cylindrical portion ?tting the inside diameter of the tube 
and a concentric portion of materially smaller diameter 
disposed in the zone, applyng to the tube at opposite ends 
of the zone axially compressive force to shorten the tube 
and cause the cold metal to ?ow and conform accurately 
to the internal form without folding or bending to make a 
workpiece having a thick walled annular portion and an 
axially adjacent thin walled annular portion in which 
workpiece the grain of the metal remains generally straight 
and parallel to the axis throughout the length of he work 
piece and expands smoothly and continuously from the 
thin walled portion into the thick walled portion, hold 
ing in part of the thin walled portion a mandrel whose 
diameter ?ts the inside diameter of the thick walled por— 
tion, and rolling an axial length of the thin walled por 
tion to ?t the mandrel to form a tappet blank having two 
portions of reduced inner diameter and one portion of re 
duced outer diameter. 

8. The method of forming a tubular tappet blank from 
a nominally circular tube having a longitudinally extending 
grain, which tube may vary slightly from precise circular 
shape and has a nominally uniform outside diameter, 
which diameter may vary slightly along the length of the 
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tube, which method includes uadially supporting the tube 
against outward deformation rigidly and uniformly along 
the length of a zone to be thickened, using an internal 
form in the tube, the form having a ?rst cylindrical por 
tion ?tting the inside diameter of the tube and a concentric 
portion of material of smaller diameter disposed in the 
zone, applying to the tube at opposite ends of the zone 
axially compressive force to shorten the tube and cause 
the cold metal to flow and conform accurately to the in 
ternal form without folding or bending to make a work 
piece having a thick walled annular portion and an axially 
adjacent thin walled annular portion in which workpiece 
the grain of the metal remains generally straight and 
parallel to the axis throughout the ‘length ‘of the work 
piece and expands smoothly and continu-oulsy from the 
thin walled portion into the thick walled portion, holding 
in part of the thin walled portion a mandrel whose 
diameter ?ts the inside diameter of the thick Walled por 
tion, and rolling an axial zone of the thin walled portion to 
?t the mandrel While maintaining the shape and size 
of the open end of the thin walled portion to form a 
tappet blank having two portions of reduced inner 
diameter and one portion of reduced outer diameter. 

9. The method of forming a tubular tappet blank from 
a nominally circular tube having a longitudinally extend 
ing grain, which tube may vary slightly from precise cir 
cular shape and has a nominally uniform outside 
diameter, which diameter may vary slightly along the 
length of the tube, which method includes radially sup 
porting the tube against outward deformation rigidly 
and uniformly along the length of a zone to be thick 
ened, using an internal form in the tube, the form having 
a ?rst cylindrical portion ?tting the inside diameter of 
the tube and a concentric portion of materially smaller 
diameter disposed in the zone, applying to the tube at 
opposite ends of the zone axially compressive force to 
shorten the tube and cause the cold metal to flow and 
conform accurately to the internal form without fold 
ing or bending to make a workpiece having a thick walled 
annular portion and an axially adjacent thin walled an 
nular portion in which workpiece the grain of the metal 
remains generally straight and ‘parallel to the axis through 
out the length of the workpiece and expands smoothly 
and continuously from the thin walled portion into the 
thick walled portion, holding in part of the thin walled 
portion a mandrel whose diameter ?ts the inside diameter 
of the thick walled portion, and rolling an axial zone of 
the thin walled portion to ?t the mandrel while maintain 
ing the shape and size of both ends of the thin walled 
portion to form a tappet blank having two portions of 
reduced inner diameter and one portion of reduce outer 
diameter. - 

10. The method of forming a tubular tappet blank from 
a nominally circular tube having a longtitudinally extend 
ing grain, which tube may vary slightly from precise 
circular shape and has a nominally uniform outside diam 
eter, which diameter may vary slightly along the length 
of the tube, which method includes radially supporting 
the tube against outward deformation rigidly and uni 
formly along the length of a zone to be thickened, using 
an internal form in the tube, the form having a ?rst 
cylindrical portion ?tting the inside diameter of the 
tube and a concentric portion of materially smaller diam 
eter disposed in the zone, applying to the tube at opposite 
ends of the zone axially compressive force to shorten 
the tube and cause the cold metal to flow and conform ac 
curately to the internal form without folding or bendng 
to make a workpiece having a thick walled annular por 
tion and an axially adjacent thin Walled annular por 
tion in which workpiece the grain of the metal remains 
generally straight‘and parallel to the axis throughout the 
length of the workpiece and expands smoothly and con 
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14 
tinuously from the thin walled portion into the thick 
walled portion, holding in the open end of the thin walled 
portion a mandrel which fits the diameter of the thin 
Walled portion, holding in the remainder of the thin 
Walled portion and in the thick walled portion mandrel 
means whose diameter ?ts the inside diameter of the 
thick walled portion, and rolling an inside annular bead 
into the thin walled portion to ?t the mandrel means 
thereby to form a tappet blank having two portions of re 
duced inside diameter and one portion of reduced outside 
diameter. 

11. The method of cold thickening an axial zone of 
a tubular metal workpiece which includes taking a nomi 
nally circular tube having a longitudinally extending grain, 
which tube may vary slightly from precise circular shape 
and has a nominally uniform outside diameter, which 
diameter may vary slightly along the length of the tube, 
pressing the tube axially into a cylindrical die having in 
said zone a uniform internal diameter slightly less than 
the minimum outside diameter of the tube to form the 
portion of tube in the zone into a precisely circular shape 
of uniform outside diameter, which portion in the zone 
is uniformly rigidly supported radially by intimate con 
tact with the die as a result of the forming operation, hav 
ing the wall of the tube initially spaced from any inner 
sup-porting means in said zone of the tube, and applying 
to the tube at opposite ends of the zone axially compres 
sive force to shorten the tube and case the cold metal to 
?ow and thicken into the space within the tube without 
folding or bending to make a workpiece having a thick 
walled annular portion and an axially adjacent thin walled 
annular portion in which workpiece the grain of the metal 
remains generally straight and parallel to the axis through 
out the length of the workpiece and expands smoothly 
and continuously from the thin walled portion into the 
thick walled portion. 

12. The method of cold thickening an axial zone of a 
tubular metal workpiece which includes taking a nomi 
nally circular tube having a longitudinally extending 
grain, which tube may vary slightly from precise circular 
shape and has a nominally uniform outside diameter, 
which diameter may vary slightly along the length of the 
tube, radially supporting the tube against outward de 
formation rigidly and uniformly along the length of the 
zone, having the wall of the tube initially spaced from any 
inner supporting means in said zone of the tube, and ap 
plying to the tube at opposite ends of the zone axially 
compressive force to shorten the tube and cause the cold 
metal to ?ow and thicken radially into the space within 
the zone without folding or bending to make a workpiece 
having a thick walled annular portion and an axially ad 
jacent thin walled annular portion in which workpiece the 
grain of the metal remains generally straight and parallel 
to the axis throughout the length of the workpiece and ex 
pands smoothly and continuously from the thin walled 
portion into the thick walled potrion. 
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