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My present invention relates to the production of hollow
metallic bodies, such as wave guides, by an electroform-
ing process, e.g. as described in my co-pending applica-
tion Ser. No. 467,607, filed November 9, 1954.

The process disclosed in that earlier application in-
volves the electro-deposition of a metallic coating on a
suitable mandrel finished to the internal dimensions of
the hollow body to be formed, followed by the molding
of a resinous shell around this coating and finally by a
withdrawal of the mandrel from the hardened shell, the
coating remaining in position as an inner metallic lining
of the latter. In this manner a thin zone of the mainly
dielectric, resinous wall can be made of highly conduc-
tive metal, such as silver, held to close tolerance in order
to provide the necessary conductance with a minimum
use of metal to save weight and cost,

It is sometimes desirable to have a hollow article of
the character set forth in which the thickness of the
metallic lining is not uniform but differs at various loca-
tions throughout its length. An example of such article
would be a wdve guide designed to be used for thermo-
electric measurements in order to determine the amount
of wave energy dissipated within or absorbed by the
guide; for accurate measurements the test site should be
thermally insulated from its surrounding as far as pos-
sible, it being thus necessary to reduce the thickness of
the metal layer on both sides of this site to the bare
minimum required for conduction while providing a sec-
tion of considerably greater thickness at the measuring
point in order to obtain the necessary thermal capacity at
such point. In some instances parallel measurements are
to be carried out at different points along the length of
the guide, necessitating the formation of a plurality of
identical discontinuities in the thickness of the metallic
portion of the guide wall.

The general object of my present invention is to provide
a method of accurately forming a wave guide or other
hollow article comprising a metallic lining of varying
thickness and continuous inner surface.

A more specific object of this invention is to provide a
method of forming an article of this description wherein
a plurality of sections of a given wall thickness are sepa-
rated by sections of greatly reduced thickness.

In accordance with this invention I proceed initially as
in my above-identified earlier application by depositing on
a mandrel a metallic coating. After this coating has
reached a thickness corresponding to that of the thinnest
wall section of the article to be formed, ¥ mask that part
of the mandrel which is to correspond to such thin-
walled section and continue to build up the conductive
layer on the remainder of the mandrel. In case there
are more than two different wall thicknesses to be ob-
served, T mask another portion of the mandrel after a
build-up corresponding to the second step and then con-
tinue as before. In this manner any desired number
of thickness steps may be obtained with a maximum of
uniformity between sections of like thickness.

In the production of an electrical circuit element, such

10

15

25

30

45

50

55

65

70

2

as a wave guide, I prefer to use silver for the metallic
coating, although copper could also be used.

The invention will be further described with reference
to the accompanying drawing in which:

Fig. 1 is a side view of a mandrel after completion of
the first electro-deposition step, with part of the deposited
coating shown in section;

Figs. 2 and 3 are views similar to Fig. 1, illustrating
further stages of operation and showing, in section, the
progressively built-up metallic coating;

Fig. 4 illustrates the molding of a resinous shell around
the coated mandrel; and

Fig. 5 is a perspective view schematically illustrating
the use of the article made according to Figs. 1-4 in a
thermo-electric measuring system.

‘The mandrel 10, shown in Figs. 1~4, is of rectangular
cross section, corresponding to the interior cross sec-
tion of a wave guide 20 (Fig. 5) to be formed there-
around, and terminates at one end in a radially project-
ing flange 11. By cathodically connecting this mandrel
in a suitable plating bath I deposit thereon a silver layer
12 of a very small thickness, e.g. of the order of 0.01
mm. It will be assumed that the finished wave guide 20
Is composed of several longitudinally adjoining sections
28a-20f (see Fig. 4) of which the sections 20a, 20c
and 298¢ are to have the minimum thickness represented by
layer 12. Consequently, in accordance with the present in-
vention, I mask the corresponding portions 12a, 12¢, 12¢
of layer 12 with wax coatings 134, 13¢ and 13e, whereupon
the portions 12b, 124 and 12f of layer 12 are further built
up as illustrated in Fig. 2. When the second level is
reached, assumed to correspond to the desired thickness
(say, of the order of 0.25 mm.) of the terminal section 26f
of the guide, treatment is again interrupted and a wax
coating 13f applied to the right-hand extremity of the
coated mandrel, leaving only the layer portions 12 and
12c exposed. Finally, additional deposits are made upon
these exposed portions to bring their thickness to the ulti-
mate value required, e.g. of the order of 1.5 mm.

By this process there is thus formed on mandrel 10 a
conductive layer composed of a first, thin section 124, a
second, heavy section 125, another thin section 12¢, a
further heavy section 124, a third thin section 12¢, and a
terminal section 12f of intermediate thickness, all as
shown in Fig. 4. Next, I remove the wax coatings 13a,
13c, 13e, 13f and encase the coated mandrel in a mold
consisting of two halves 31, 32 within which z resinous
shell 33 is formed around the metal layer 12 to com-
plete the wave guide 20. After the molded shell 33 has
hardened, the mandrel 10 is withdrawn,

Before the guide 20 is placed in operation, its closed end
12f may be opened up and connected to a suitable load
through an extension 21 indicated in dot-dash lines in
Fig. 5. When wave energy is supplied to the input end
of the guide, part of this energy is dissipated and con-
verted into heat which raises the temperature of thermally
insulated guide sections 126 and 124. In Fig. 5 1 have
illustrated how, with the aid of an indicator 40, this heat
may be measured for the purpose of ascertaining the
amount of wave energy entering the guide. Indicator 40
may comprise a thermocouple whose hot terminal is in
the form of a probe 41 engaging conductive section 12d
of guide 20 and whose cold terminal is in the form of a
similar probe 41’ engaging a corresponding section of a
dummy guide 28’ to which no energy is supplied. Any
number of other, similar devices may be arranged in par-
allel with instrument 40 at wave-guide section 124 or
12b to give an indication of the heat distribution along
these sections whereby, for example, the presence of
standing waves may be determined.

It will be understood that at least the leads from in-
strument 40 to probes 4i, 41’ and adjacent parts of
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wave guides 20, 20’ should be insulated thermally from
each other and from their environment to insure correct
readings.

Any of a number of thermoplastic or thermosetting
compounds may be used for the resinous shell 33, the
choice of material depending upon the dielectric, mechani-
cal and thermal properties required. Mandrel 16 may
consist of cil-hardened tool steel having a highly polished
and chrome-plated or otherwise passivated surface. Molds
31, 32 may likewise consist of polished steel, chrome-
plated and coated with a suitable mold-release agent, such
as a silicon oil. The mandrel could also be made of a
low-melting-point alloy of a readily soluble material
for removal from the mold by thermal or chemical ac-
tion, as described in my co-pending application referred
to above.

It ‘will be understood that the specific form of wave
guide described and shown in the drawing is merely illus-
trative of a large class of structures in which the inner
wall of a hollow body is lined with a metallic layer of
varying thickness which must be held to close tolerances.

¢ invention is, accordingly, not limited to the embodi-
ment particularly disclosed but may be relaized in vari-
ous modifications without departing from the spirit and
scope of the appended claims.

I claim:

1. The method of forming a hollow body having an
inner wall lined with a metallic layer, said layer being of
a smaller thickness in one annular section of the body
and of a greater thickness in another annular section
thereof, which comprises the steps of providing a mandrel
dimensioned to conform to the interior of said bedy,
electro-depositing on said mandrel a metallic coating to
a depth equaling said smaller thickness, masking an an-
nular portion of said coating corresponding to said one an-
nular section of the body, electro-depositing on the un-
masked part of said coating an additional amount of the
same metal until said unmasked part has reached a depth
equaling said greater thickness, subsequently molding a
resinous shell around the coated mandrel, and removing
said mandrel while leaving said shell intact.

2. The method according to claim 1, wherein said por-
tion is masked by the application of a wax layer thereto.

3. The method of forming a hollow body having an in-
ner wall lined with a metallic layer, said layer including
spaced-apart annular portions of a first, smaller thickness
separated by an intermediate annular portion of a second,
larger thickness, which comprises the steps of providing
a mandrel dimensioned to conform to the interior of said
body, electro-depositing on said mandrel a metallic coat-
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ing extending across the locations of both said spaced-
apart annular portions and said intermediate annular por-
tion, building up said coating to a depth equal to said
first thickness, masking parts of said coating correspond-
ing to said spaced-apart portions, electro-depositing an
additional amount of the same metal on a part of said
coating corresponding to said intermediate portion until
the last-mentioned part of the coating has reached a depth
equaling said second thickness, subsequently molding a
resinous shell around the coated mandrel, and removing
said mandrel while leaving said shell intact.

4. The method of forming a hollow body having an
inner wall lined with a metallic layer, said layer being
composed of contiguous annular portions having at least
three different thicknesses, which comprises the steps of
providing a mandrel dimensioned to conform to the in-
terior of said body, electro-depositing on said mandrel a
metallic coating coextensive with said layer to a depth
equaling the smallest of said thicknesses, masking an an-
nular portion of said coating, electro-depositing on the
unmasked part of said coating an additional amount of
the same metal until said unmasked part has reached a
depth equaling the next-smallest of said thicknesses, mask-
ing an annular portion of the hitherto unmasked part,
electro-depositing a further amount of said metal on
the remaining part until the coating thereon has reached
the third-smallest of said thicknesses, continuing in this
manner until the coating conforms to said layer in all
its thicknesses, molding a resinous shell around the coated
mandrel, and removing said mandrel while leaving said
shell intact.

References Cited in the file of this patent
UNITED STATES PATENTS

1,282,264 Merritt e Oct. 22, 1918
1,426,769 Penney oo Aug. 22, 1922
1,477,109 ColeS e Dec. 11, 1923
2,256,386 Farrar et al. o Sept. 16, 1941
2,441,960 Eisler e May 25, 1948
2,561,351 Fentress oo ____. July 24, 1951
2,592,614 Stoddard e Apr. 15, 1952
2,600,169 Lamb . ___ June 10, 1952
2,636,849 Brenner oo Apr. 28, 1953
2,657,364 Carr e Oct. 27, 1953
2,692,190 Pritikin e Oct. 19, 1954
2,745,898 Hurd e May 15, 1956
2,761,828 Eldredge et al. o_______ Sept. 4, 1956
2,793,989 Goodman et al. o ___ May 28, 1957
2,826,524 Molloy e Mar. 11, 1958

{
¥



