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This invention relates 1o -high frequency poiver
dissipating terminations wherein eleetrical en-
ergy is converted into thermal energy for dissi-
pation, and, more particularly, relates to pro-
visions in such terminations for causing the dis-
sipation of electrieal energy to be substantially
uniformly effected along a lengitudinal dimen-
sion-of the device.

Such terminations have heretofore been pro-
vided both for coaxial cables and for wave guides
to permit testing of power and. other faetors in
electronic systems. In -such- devices; it is -com-
mon to employ, withih 4 closed-end eable or
wave-guide termination section, ‘a lining of suit-
able dissipative ‘material; usually a cerainic s~
terial, to absorb and convert the eleetrical en-
ergy therein into thermaj energy; the resuliani
heat being carried off through the walls of the
termination -section. Such linings have com-
monly been applied to the entire interior of the
ferinination section and radiation fins, ‘also, have
been provided -throughout the entire Iength of
the exterior of such a termination section to
facilitate the dissipation of the heat.

Terminations- of the ¢haracter just deseribed
have not been entirely satisfactory for several
reasons. Apparently béeause of the abruptness

with which the electrical energy is received in.

the termination by the latter’s dissipative ma-
terial at o sharp transverse line where the dis-
sipative material adjoins a connected metal con-
ductor, the conversion to heat becomes consid-
erably accentuated in the region of the  said
junction, causing relatively quick struectural
breakdown of the dissipative material and fail-
ure of the device at that location, With such
brior structures, alsoe, it has been diffieult to
minimize reflection of snergy back into the con-
ductor, thereby giving rise to an objectionably
Ligh standing wave ratio with decreased power
in the related electronic system and test results
which are not adequately dependable. The men~
tioned disadvantages- become more pronounced
with the much higher power now being employed
in such electronic systens,

Accordingly, an important object of this in-
vention is the provision of 3 novel and improved
dissipating termination capable of efficiently con-
verting electrical eneigy to:-another Torm of én-
ergy for dissipation.

Another important object is the provision, in
such a termination, of improved means for ef-
fecting such conversion ol energy ‘quite uniformly
throughout the termination’s. length. .

Another important object is. the provision of
such atermination wherein the eleetrical energy

2

is converted to thermal energy quite uniformly
along thelength of the termination, thereby min-
imizing the %otal heat developed and avoiding
hot spots which might cause quick breakdown of
the dissipative material.

Another important object is the provision of

- such a termination which ‘may operaie at in-
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creased peak power ahd which is capabkle of sub-
stantially completely- dissipating whatever elec--
trical energy is fowing through the system with-
out material development of refiections or stand--
ing waves. ' )

Although the present invention may be useful
in- 6ther forms of conduetors; it is particularly
useful in wave guides which have greater pulse
bower capacity than cables and are more suitable
than eables for conducting the shorter wave
lengths in the miicrowave regioh. 'The present
trend to higher power in such shorter wave
lengths serves to point up the importance of the
stated objectives in relation to. wave guides and,
therefore, the present disclosure of this inven-
tion is made with respsct to wave guides without,
however, limiting the invention except as-speci-
fied inthe ¢laims hereinafter set forth, .

As applied to wave guides, the stated objects
are accomplished by a termination. which has
smooth, uninterrupted; internal surfaces forming
direct. continnations of internal Surfaces of a
Wwave guide connected thereto, said surfaces, in
the vieinity of the ihput.end of the termination,
being. inter-tapering surfaces of bodiss of con-
ductive metal and of dissipative. material;, the
metal surfaces being at opposite sides of the de-
vice as continuations of the interior, conductive
surfaices of the related wave guide and tapering
away, in the. form of a wedge, t0 hon-existence
in the direction of the closed or terminal end of
the termination. In the same input viciaity, the
dissipative material is shaped complementally to
said wedge to complete the internal walls in
which the wedges are located. The metal wedge
maintains a diminishing conductivity of the. de-
vice in the.same longitudinal area thereof where
the dissipative material effects an increasing dis-
sipation of the electrical energy so that dissipa-
tion is relatively gradual ang heat concentration
is substantially avoided.

More barticularly, the present invention is
ilustiated in the accompanying drawing in only
one of numerous possible embodiments thereof
witheut, however, limiting the invention to that
patrticular embodiment,.

In the drawing:

Figure 1 is a central, longitudinal, seciional
view of a termination according: to a preferred
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embodiment of this inventicn substantially ont
the line I—1 of Fig. 2, i. e, at & plane extending
through the broader opposite sides thereet;
Fig. 2 is a central, Jongitudinal, sectional view
on the line 2—2 of Fig. 1, 1. e, at a plane extend-
ing through the narrower opposite sides thereof;
Fig. 3isan end elevational view of the termina-~
tion as seen from the right end of Figs. 1 and 2;
Fig. 4 is an end elevational view of the ter-
mination as seen from the left end of Figs. 1
and 2; and
Figs. 5 and 6 are transverse, sectional views,
respectively, on the lines 5——5 and 6—6 of Fig. 2.
The illustrated termination consists funda-
mentally of three parts; a tubular casing 18
which may be cast of suitable metal such as an
aluminum alloy, an inlay 12 of dissipative ma-
terial, and an end or cover plate 14 held upon
the terminal end of the casing by serews 6.

At its input end, its right end as viewed in 2

Figs. 1 and 2, the device is provided with a pref-
erably integral connection fange 18 having screw
holes 208 to receive screws (not shown) by which
the device may be connected to a rectangular
wave guide or other conducting component in
related electronic apparatus. Either by special
connection or by a suitable switching arrange-
ment, the termination device may he substituted,
for test purposes, for a power output assembly,
as, for example, an antenna circuit.

The termination is formed with what might
ke termed 2 conduction-dissipation passage 22
extending from the input end, almost to the op-
posite or terminal end of the device. This pas-
sage, in the illustrated structure, is rectangu-
lar in shape in cross-section substantially
throughout its length, preferably being of the
same size and shape, ab the input end, as the in-
terior of the wave guide or other component to
which it is connected. The broader diameter
of this passage is preferably of uniform dimen-
sion throughout the length of the passage, &s
may best be understood from Fig. 2, while the
narrower diameter of the passage is preferably
of uniform dimension only to an intermediate
jocation in the device and, as shown in Fig. 1,
tapers from that sntermediate location to sub-
stantial nonexistence at a location near the ter-
minal end of the device.

The passage 22 has flat surfaces of metal on all
four sides thereof in the vieinity of the input end
to the longitudinal extent indicated by double-
headed arrows r—<z in Figs. 1 and 2, the metal
thereof being the metal of which the casing 18 is
cast. The mentioned flat surfaces of metal on the
opposite broader sides of said passage are copian-
arly continued in the form of internal metal
wedges 24, which preferably, are integrally cast
as a part of the casing 0.  These wedges may ad-
vantageously be of the approximate longitudinal
extent indicated by double-headed arrows y—3Y
in Figs. 1 and 2 and are like internal lands de-
fining therearound the areas occupied by the
inlay i2.

The inlay area is in the nature of an elon-
gate, internal, rectangular recess 26 which has
broader and narrower diameters which are
greater, respectively, than corresponding broad-
er and narrower diameters of the passage 32 at
the input end of the device. Thus, the dissipa-
tive inlay 12 which fills the recess 26 is sub-
stantially rectangular in shape, with gradually
thickened broad wall portions 28 toward its ter-
minal end and having its broad walls acutely
pifurcated by the wedges 24 toward the input
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“held fizedly therein.

4

end of the termination to form acute angular
wings 20, 30 which taper off to non-existence
at points near the input end of narrow walls 32
of the inlay which may be of uniform thick-
aess throughout their length. In the illustrated
embodiment, the broader internal surfaces of
the inlay and of the wedges defining the passage
2% are coplanar throughout approximately tne
input haif of the device and the said broader
surfaces, which are entirely inlay surfaces
throughout approximately the terminal half of
the device, are continuations of said coplanar
surface portions and converge toward the ter-
minal end as indicated at 24 in Fig. 1. The in-
ner surfaces of the wedges 24, preferably, are
broached during manufacture to render them
smooth, thereby offsetting in the corresponding
end of the device, some undesirable effects aris-
ing from the relative roughness of the surfaces
of the inlay 12, particularly at the wings 30.

The casing 10 is suitably fitted or formed with
a plurality of integral peripheral fins 35 to facili-
tate the transfer of heat from said casing to the
surrounding air. These fins may be provided,
as shown in Figs. 1 and 2, only toward the in-
put end of the device. If they extend from &
point toward the right of the input end of the
inlay {2 t0 a point well beyond the wedges, ag
shown in the drawing, the fins funection ade-
guately adjacent o the area where greatest heat
generation occurs; and the remaining porticn
of the casing suifices without such peripheral
fing o transfer, to ambient atmosphere, the heat
developed toward the terminal end of the device.

The dissipative inlay {2 may be of any suit-
able material for absorbing electrical energy and
converting it to thermal energy and should be
capable of withstanding the high temperature
developed by the absorption of the high power
in 2 related wave guide. It may advantageous-
1y be a composition formed by intermixing and
pall-milling two parts, by weight, of flaked
graphite and three parts of lumnite cement and
by then admixing water only in a guantity sui-

. feient to form a plastic cement which is work-

able as nereinafter indicated.

T making the device, the casing 16 is first
cast to its desired shape, after which the sur-
faces of the wedges 24 are broached smooth.
A core or mandrel corresponding in shape to
the desired shape of the passage 22 and coated
with suitable anti-adhesion material, is extended
snto the input end of the casing and suitably
Then, with the casing held
in o vibrating device in an upright position with
its terminal end uppermost, the previously pre-
pared dissipative material is poured very slowly
into the then-open terminal end of the device
and permitied to gravitate into the inlay space
until the latter is filled; the vibration of the
device, meanwhile, functioning to free any air
bubbles from the dissipative mix. After the mix
has set, the setiing time usually being an hour
or more, the mandrel is removed and the device
is subjected to a week, more or jess, of curing
i air and then suitably baked. The baking,
where the inlay mix is of the general characier
suggested herein, may advantageously be at ap-
proximately 275° F. for about twenty-four hours
and then at about 700° F. for about eight hours;
the oven keing permitted to cool to about 200°
. hefore the termination is removed therefrom.

After completion of the baking step, the de-
vice is filled with an impregnating solution of
about 90% silicone resin and 10% toluol (by vol-
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ume) and subjected to- a vacuum while thus
filled until bubbling from the dissipative: inlay
substantially ceases, after which the excess of
this solution is drained off and wiped from all
exposed metal inner and ouber surfaces, There-
afger, the device is again baked, first at about
275°
at about 500° F. for about eight hours. The in-
lay, thus, is fixedly impregnated and coated to
minimize moisture absorption in the presence
of humidity.

In operation, the electrieal energy entering
the device, at its input end, in the form of waves,
apparently moves between the wedges 24 with
the peak of the waves following the center line
oi the wedges while the wave’s opposite fringes
undergo gradually increasing absorption from
the gradually enlarging areas of the wings 30 of
dissipative material. This fringe absorption
causes absorption, also, st the wave peaks so
that upon reaching the ends of the wedges the
electrical energy has been converted, to such
an extent, to thermal energy that, in the re-
mainder of the device, the dissipative material
alone suffices to complete the absorption of the
electrical energy and the resultant heat in said
remainder of the device may be carried off ade-
quately through the non-finned portion of the
casing (8. Thus, the heat generated is not un-
duly localized at any one point and the total
heat generated is minimized, leading to long life
for the inlay 2.

It has been found, also, that terminations ac-
cording to this invention may operate at increased
peak powers, apparently because of the avoid-
ance of hot spots, and that refiection of energy
is minimized with a resulting minimum in stand-
ing wave ratio. In addition, it appears that as
there is no development of excessive heat at any
point in the inlay, steaming of the inlay is min-
imized, thereby substantially obviating the pas~
sage of steam vapor into a related wave guide
and the undesirable condensation of such vapor
which could adversely affect the wave guide’s
transmission characteristics.

Without attempting to recite herein all the
possible variations of this invention, it may be
noted that the wedges 24 may be of various
relative dimensions; that the broad concept of
using such wedges as herein deseribed may also
be varied by disposing the wedges in the narrower
walls rather than in the broader walls of a rec-
tangular termination for use with a rectangular
wave guide; and that such wedges may be used,
in the manner and for the purposes stated, in
circular wave-guide terminations. In circular
wave-guide terminations, the bases of the metal
wedges should preferably be spaced from each
other much 25 the bases of the wedges 24 in the
accompanying drawing are spaced from each
other by the dissipative material in the narrower
walls of the termination.

As the present inventive concept obviously
could be utilized in means other than disclosed
herein, the scope of this improvement should not
be limited except as set forth in the following
claims.

What I claim is:

1. A power dissipating termination comprising
a fubular body of dissipative material, closed af
& terminal end thereof and of a cross-sectional,
inside size and shape toward the opposite, input
end of said body, substantially similar to a re-
cess opening in a conducting element to which
the termination is adapted for connection, and

F. Tor about twenty-two hours and. then-
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Gv:
2 wedge of conductive material extending into
the input end of a wall of said body and having
its -interior surface direetly continuous with ad-
jacent surfaces of the dissipative body.

2. A power dissipating termination comprising
an elongate, hollow body of dissipative material,
closed at 2 terminal end thereof and interiorly
of rectangular shape in cross=-section; and a pair
of conductive wedge-shaped members fixedly as-
sociated with and extending into said dissipative
body toward the latter’s opposite, input end with
wedge points thereof directed toward the termi-
nal end of the said body and with opposed inner
faces of the wedge-shaped members coplanar
with corresponding inner faces of adjacent por-
tions of said dissipative body.

3. A power dissipating termination comprising
a casing of conductive metal and a lining therein
of dissipative material defining therewithin an
electrical energy-dissipating passage of rectangu-
lar shape in transverse section, and wedge-
shaped, conductive, metallic portions integral
with said casing at opposite sides thereof toward
an input end of the casing and directed toward
the opposite end of the casing and extending into
the dissipative material st corresponding oppo-
site sides of said passage, thereby forming dis-
sipative wings at opposite sides of said wedge-
shaped portions; the latter having substantially
flat inside surface which are substantially co-
planar and continuous with respect to adjacent
inside surfaces of dissipative lining material at
said corresponding opposite sides of said bassage,

4. A power dissipating termination according
to claim 3, further characterized in that the said
bassage is non-equilaterally rectangular in trans-
verse sectional shape and the said wedge-shaped
portions are in partially embedded relationship
with respect to the dissipative lining material at
the broader sides of said passage.

5. A power dissipating termination according
to claim 3, further characterized in including
blural radiation fins at the exterior of the casing
in a longitudinal region of the latter correspond-
ing substantially to the Ilongitudinal region
wherein the said wedge-shaped portions are
located.

6. A power dissipating termination according
to claim 3, further characterized in that the said
inside surfaces of the wedge-shaped conductive
bortions are substantially smooth,

7. A power dissipating termination according
to claim 3, further characterized in that said lin-
ing includes moisture-resistant material on its
exposed surfaces,

8. A power dissipating termination according
to claim 3, further characterized in that the said
bassage extends toward the terminal end of the
device substantially beyond the said  wedge-
shaped portions and in that the lining walls de-
fining the sides of the said extended portion of
the passage which are continuations of the sides
having the wedge-shaped portions therein con-
verge and come together to close the terminal
end of said passage.

9. A power dissipating termination according
to claim 8, further characterized in that the said
converging lining walls increase in thickness to-
ward their terminal ends substantially in propor-
tion to the convergence of said converging walls.

10. A power dissipating termination compris~
ing a tubular body of dissipative material, closed
at a terminal end thereof and of a cross-sectional,
inside size and shape toward the opposite, input
end of said body, substantially similar to a recess
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opening In a conducting element to which the
termination is adapted for connection, and a pair
of opposed wedges of conductive material extend-
ing into the input end of said body at opposite
sides thereof with their converging sides directed
generally toward the termination’s terminal end
and having their interior surfaces directly con-
tinuous with adjacent surfaces of the dissipative
body.

11. A power dissipating termination according 10

to claim 10, further characterized in that said
wedges are spaced from each other.

19. A power dissipating termination according
to claim 10, further characterized in that the said
wedges extend only into an input-end portion of
the termination which, with said wedges therein,
is of uniform diameter throughout its length.

No references cited.



