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THhis invention relates to cylindrical structures
such as pipes subjeeted in use to axial stresses,
and engine cylinders of the air-cooled type hav-
ing heat radiating fins ang One or more ma-
chined attachment ends, and particularly to tu-
bular or cylindries] structures wherein increased
strength and external machinability, and in
some instances, lightness in weight, are desirable
requisites.

In the case of internal combustion engines of
the air-cooled type, the engine cylinders thereof
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cylinder may have the highest wear resistance, to
harden the same by nitriding, carborizing or by
some other similar process. Such processes,
however, require the heating of substantially
the entire cylinder structure to a high tempera-
ture over a long period of time

members obviously
results in distinct disadvantages.

In the case of tubular pipe, particularly pipe 45
subjected in use to axial tensile stresses, such ag
ular structural members or pipe strings hay-
ing externally threaded ends for connection with
members through internally threaded
couplings and the like, the characteristic of high 50
strength is highly‘desirable, it being well known

(CL, 285—146)

the normal strength of the pipe at the threaded

- regions due to the reduced cross-section incident,
- to the removal of metal during the thread cut-

ting operation,

The present, invention is directed to novel cy-
lindrical and tubular structures in which inter-
nal surface zones are provided with a hardnegs
materially greater than that of the
Zones, and in which the depth of hardness and
the character of hardness is such as to materially
increase the yield strength thereof and thereby

Ous quenching. Through the use of rapid elec-
tro-magnetic induction heating and substantially
instantaneous quenching, a definite thin hard-
ened layer may be

member rigid during
tion. . 4 ‘

It is, therefore, an object of the invention to
brovide tubular.and hollow cylindrical structures
having an electro-magnetically Induction hard-
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normal resistance of the structure to tensile
failure and to radial deformation, which means
is in the form of an integral layer of metal at
the inner surface thereof zone hardened to a
hardness of materially greater hardness than the
outer layer and of such quality of hardness as to
increase the yield strength of the structure.

‘A further object is to provide such & tubular
structure in which the internal zone-hardened
layer of metal is of such increased yield strength
as to compensate ab least in part for the loss in
strength occasioned by the removal of surface
metal in external machining of the same.

The above and other novel features of the in-
vention will appear more fully hereinafter from
the following detailed description when taken in

© conjunction with the accompanying drawing. It
is expressly understood, however, that the draw-
ing is employed for purposes of jllustration only
and is not designed as & definition of the limita-
tion of the invention, reference being had for
this purpose to the appended claims.

In the drawing wherein like reference charac-
ters indicate like parts,

Figure 1 illustrates 2 section through & cylin-
der having substantially /the configuration re-
quired by air-cooled internal combustion engines.

Figure 2 illustrates a step in the process of
forming such a cylinder from 2 blank of uniform
annular cross-section throughout its length.

Figure 3 illustrates a pipe structure in which
the process has application.

Referring to Figure 2 there is illustrated in
section a cylindrical blank which may be a forg-
ing or casting from which an engine cylinder is
to be formed. The pblank is machined to a uni-
form bore and preferably to a uniform wall
thickness and the internal bore is then hardened
to a depth of approximately a tenth of an inch
or less by electromagnetic induction heat treat-
ing apparatus illustrated, the apparatus com-
prising a coil 10, preferably a flux concentrating
core 12 and an associated annular quench 4
adapted to quench the heated zone almost in-
stantaneously after heating progressively. The
apparatus which may be employed is similar to
that disclosed in 2 copending application Serial
No. 277,996, filed June 8, 1939, now Patent No.
2,281,333, issued April 28, 1942, and the details
thereof need not be described further.

The cylinder blank for air cooled engines must
be composed of a material which, when hard-
ened, will not lose its hardness through a range
of temperatures up as high as 550° F. Such a
material as that constituted by S. A. E. 4140 has
such properties. Also a material similar there-
to but in which tHe carbon content is increased
to about .50%, the chromium content reduced to
about .55% and the molybdenum increased to
759 with as much as 1% of silicon will be found
to withstand the working temperatures of such
cylinders. The plank, after having preferably
been machined to a proper external cylindrical
and internal bore dimension, is hardened in-
ternally to a uniform depth and thereafter may
be drawn for a period of time at a temperature
substantially the maximum to which the cylin-
der may be subjected in use. During the hard-
ening operation, the thick wall of the blank
maintains the cylinder against any possibility of
distortion or warping. The heated layer is raised
to a plastic state and consequently when it cools
from quenching will be forced to adhere to its
original shape because of the backing metal which
has not been affected by the heat treatment.
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After hardening the inner surface zone of the
blank, external cooling fins and mounting flanges
may be formed by macnining grooves in the
exterior of the blank. It will be found that be-
cause of the controlled devth of hardening, the
grooves cut for the purpose of forming the cool-
ing fins may be cubt substantially to the hard-
degree less without danger of
running into even slightly hardened material.
This is important in the cutting of deep narrow
grooves such as are required to effect the forma-
tion of & great many closely spaced cooling fins
for if there were danger during the machining
operation of the cutting tools striking a hard
spot deep down within a groove between adja-
cent cooling fins, fracture of the cooling fins
during the machining operation would almost
surely result. .

As is illustrated in Figure 2, the blank 16 is
provided with a hardened internal layer 18, and
referring to Figure 1, grooves 20 are turned in
the external unhardened portion of the blank
after hardening of the internal surface zone in
order to form closely spaced fins 22 and such end
attachment threaded portions as 24 or flanges as

. at 26 as may be desirable.
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-the pipe which

5 pipe and consequent strength.

Where threaded ends are desired, a peculiarity
in the structure resulting from the hardening
operation described permits of unusual lightness
at this point, and this is because the internal
layer of hardened material is under a residual
trapped compressive stress, and due to its hard-
ness has a greatly increased yield strength. This
greatly increased yield strength renders it un-
necessary to increase the thickness of the tube
to compensate for the loss of strength that would
usually appear to be necessary as a result of the
weakening effect of the thread grooves, and yet
the hardened layer is so restricted as to leave
the remainder readily machinable as in thread
cutting. _

In a threaded pipe end for example, and where
the pipe is subjected to axial stresses, such as
in thin-walled pipe sections connected together
by internally threaded couplings, the weakening
effect of the threaded end can be offset by hard-
ening an internal annular layer of the metal of
is of such longitudinal extent as
to extend under the threaded portion, just as in
the case of the cylinder previously described. In
Figure 3, this structure is {llustrated. The pipe
end 40 is provided with external threads 42,
which in effect reduce the cross-section of the
Through the in-
ternally hardened layer 44, which has a corre-
spondingly increased yield strength, the yield
strength of the pipe end despite the reduced
cross-section is the same as the rest of the
pipe and without the necessity of enlarging the
end. Thus, the integral zone hardened layer 84
of metal, spaced from the roots of the threads
42 and extending longitudinally of the pipe with-
in the threaded region, provides, due to its in-
creased yield strength, a means for increasing
the normal resistance of the pipe to tensile fail-
ure and to radial deformation and collapse, which
is of particular advanfage at the threaded region
inasmuch as the increased resistance to radial
deformation due to the jncreased yield strength
decreases the tendency of the pipe threads to
pull out of the connecting couplings or other
member during the presence of heavy axial ten-
sile stresses. Although the inner zone hardened
layer of metal is shown in Figure 3 as termi-
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nating near the innermost end thread in which internal layer of metal, hoth in the case of the
the yleld strength of the threaded region of the cylinder and the pipe, should be that which wiy
bipe may be increased 8t least to that of the give the most efficient results in use, Ip the
» remainder of the bipe, such layer may, as in case of the pipe and other tubular structures not
subjected to high temperatureg like that of the
to end of the pipe to increase the normal strength engine cylinder, the hardnesg of the internal Jay-
of the pipe as g whole while compensating at er may be drawn, for €xample, to as low. as 30
least in part for the loss in strength gt the Rockwell ¢, a5 desired, depending, of course,
threaded region. The threads may, be just ag on the amount of increased yield strength de-
easily cut after the hardening, as in a plain un- 10 sjreq to be imparted to the tubulay structure in
hardened pipe, for the zone in Which the threads question, ,
are cut is unchangeq by the hardening of the in- Although the invention hag been described in
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scribed may have g hardened interna) layer of 15 Sugeested in conjunection with those materials a5

the quenching fluiq and the inner transition zone of the limitg of the inventjon.
between the hardened layer ang the unhardeneq 25 What is claimeq is:
portion being cooled by the mere exchange of 1. A tubular structural member comprising g

Zones. For this reason it is breferable although which is subjecteq -In use to axia) loading ang
nst entirely essential that the section of the hav_ing a wall thickness which .is but g fraction
tubular member to pe internally hardened be 30 of 1ts internal diameter, ang having - its wap

head through the length of the bore, while in. 35 thg creation of agial' stresses arising from such

ing, results in g hardened zone of uniform depth, state of trappeq residual stress ang having g
In practice, laminated core extensions 28 and 3p . Substantially uniform hardness throughoy; its
are preferably employed for the purpose of con- radial depth ang throughout Substantially the
trolling the end effect at either end of the tubu- 406 length of said wall portion, which hardness g
lar member so that 5 uniform depth of harden- manifoldly greater than that of saiq outer layer
ing may be effected from end o end. The use as measured on the Rockwell ¢ scale and of that
of extensiong is llustrated in the patent above quality characterizeq by rapid electromagnetic B
referred to. induction heating ang substantially instantane.
After the internaj hardening operation and the %% ous Quenching, the meta] of said outer layer being
external machining operations are completed, of such low hardness a5 to be readily machinable
the internal bore, in the case of the cylinder, . by machine cutting operations ang retaining sub-
may be ground or honed as the tase may be'to stantially the original hardness characteristics
mi 50 of said tubular Portion. )

2. A cylindrical tubular metay structure having
ployed, the initia] hardness in the internal lay- the metal in an annular zone adjacent the inner
"€r may be Rockwel] C 60 and after drawing the surface thereof for a portion at least of its length

" y materially harder &s measured on the Rockwell ¢
55 scale than the metal of the zone Surrounding it,
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berature of 1560° ¥, and after extended use at g - hardness of the metal of sajq Inner zone being:
temperature of 550° F. or after a prolonged draw that which is characterized by rapid electromag-
at this temperatyre Will still retain g Rockwell netic induction heating and substantially instan.
hardness of about 57 C. 60 taneous Quenching and the ragig] depth of sajd

Thus it will appear that exceedingly tough al- inner zone being such that the yielq stréngth of
loys may be employed for making up cylinder said portion at said region of reduced Cross-sec-
structure, which alloys may be hardened inter- tion is equal at least to that which woulg exist
nally without rendering the externa] metal too __ in said region in the absence of hardening of sajq
hard to machine, As’ a result, the hardening 65 inner zone ang reduction in Cross-section of said
operation may pe effected at a time when the surrounding zone, whereby to increase the nor.

if the piece were machined first and subsequent.- ... thereof occasioned by the reduction in Cross-sec-
ly hardened the areg heated during the hard- 70 tjon of said outer zone in said regjon
ening operation would in a thin walled cylinder 3. A one-piece cylindrical structure having an

tortion. ) ~~ and outer annular layers of metal of the same
It is to be understood that the hardness of the ‘° composition throughout extending substantially
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from end to end thereof, said outer layer having
machined portions therein resulting in a non-uni-
form radial thickness of said outer layer, said
inner layer having a hardness which is substan-
tially uniform throughout its radial depth and
materially greater than that of said outer layer
as measured on the Rockwell C scale and being
of such radial thickness and having such quality
of hardness as t0 constitute a means for increas-
ing the vield strength of said jnner layer an
amount sufficient, to increase the strength of said
structure as & whole while compensating for the
loss in strength occasioned by the production of
said machined portions.

4. A cylindrical tubular metal structure having
exterior end threads and an annular layer of
the metal of its jnner wall of 2 hardness and of
a yield strength materially greater than the hard-
ness and yield'strength, respectively, of the re-
mainder of the metal surrounding it, said threads
peing in said surrounding metal and the length of
said layer of greater hardness and yield strength
being different. from that of said threads, said

layer of metal of greater hardness and yield
strength constituting a means for compensating
for the weakening effect of the threads in said
surrounding metal on said structure and for in-
creasing the normal strength of said structure at
the region of said threads.

5. A one-piece tubular metal structure having
for a portion at least of its length from one end

the metal of an annular layer of substantially
predetermined radial depth originating at the
inner wall of & hardness different from that of
the metal surrounding it, said surrounding ‘metal
within said portion being of relatively low hard-
ness and having external machined portions
therein which effect a reduction in cross-sectional
area and a consequent reduction in strength of
said first portion throughout its machined region,
1o the metal comprising said annular layer heing of
such greater hardness than that of sald sur-
rounding metal and gaid annular layer being of
such radial depth as to increase the normal
strength of said first portion as machined an
amount sufficient to substantially offset said re-
duction in strength. :

6. In a tubular structure having an exteriorly
threaded end portion and which is to be  sub-
jected to axial stresses in use, means for com-
20 pensating for the loss in strength of said struc-

ture due to the presence of the threads therein,

comprising an integral layer of metal adjacent
the inner wall thereof and extending longitudi-
nally a substantial distance beyond said threads
- and being sufficiently harder than the thread
carrying metal to increase the yield strength of
said structure at said threaded end portion to at
least substantially that of the remainder of said
structure. '
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