June 19, 1945. H. T. SPARROW ETAL 2,378,804

THERMOCOUPLE

Original Filed May 13, 1940

Hubert T. Sparrow—
John.. M. Wilson
INVENTORS

BY __/ﬁwﬂg*f‘/M

Aftorneg—'



Patented June 19, 1945

2,378,804

UNITED STATES PATENT OFFICE

2,378,804
THERMOCOUPLE

- Hubert T, Sparrow and John M. ‘Wilson, Minne-
apolis, Minn., assignors to Minneapolis-Honey-
well Regulator Company, Minneapolis, Minn, a
corporation of Delaware ,

Original application May 13, 1940, Serial No.

334,812, now Patent No. 2,278,744, dated April

7, 1942,
ber 4, 1941, Serial N

Divided and this application Septem-
. 409,553

5 Claims. (C1 136—5)

This invention relates to new and novel ther-
mocouple elements and the present application is
a division of our application Serial No. 334,812,
filed May 13, 1940, which has now matured into
Patent No. 2,278,744 issued April 7, 1942, and
which is directed to methods for constructing
the devices. . .

An object of our invention is the provision of
& novel thermocouple which can be formed with
& relatively simple process and at a low cost of
broduction. 'The invention relates particularly
to the production of new, novel and improved
thermocouple elements which are rugged, com-
pact and capable of the generation of g relatively
high voltage or current,

A thermoceuple is composed of g pair of metals
having dissimilar thermo-electric characteristics,
which metals are permanently joined af one end
to form a hot junction and are adapted to be elec-
trically joined at the other end to form a cold
junection. Where a plurality of thermocouples
are employed, the device is known as a thermo-
bile. Thermocouples are usually relatively ex-
pensive to construct ang
in the case of thermopiles.

The present invention provides a thermocouple
in the form of a flat member which can be formed
by a plurality of cutting operations. These cut-
ting operations may if desired be accomplished by
stamping. The various units are formed from a
long strip composed of a plurality of component
strips of dissimilar metals secured together along
their longitudinal edges, this strip being cut trans-
versely at spaced points to provide a plurality of
relatively short sections. The material along the
Joints between the component strips of each sec-
tion is then cut away for the greater portion of
the length of the strips to provide series connected
thermocouple members. The resulting unit may
then be rolled, if desired, to provide a more com-
pact arrangement.

-For a more complete understanding of the in-
vention, reference is made to the accompanying
specification, claims and drawing of which:

Figure 1'is a perspective view of -the strip from
which the individual sections are cut;

this is particular]y true -
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Figure 2 is a view of one individual section of

the strip with dotted lines to indicate where the
material is cut away; )
. Figure 3'is a perspective view of one form of
the completed thermocouple device; and
. -Figures 4 and 5 are perspective views of modi-
_ fled fc ofottr device.; 0% .ol o 5
- The first step.in the novel process of the pres-
i

ent inverition

s to form a stripcomprising a-plus:
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ralily of pairs of metallic strips, each pair ¢om-
prising two strips of dissimilar thermo-electric
characteristics, said strips all being joined along
their longitudinal edges. As previously indicated, -
this strip is shown in Figure 1. Referring to this
figure, the strip itself is designated by the refer-
ence numeral {0 and the component strips are
designated by the reference numerals 1 to (6.
Strips 14, 13 and {5 may, for example, be formed
of Constantan, an slloy composed of approxi-
mately 50 per cent copper and 50 per cent nickel,
and strips {2, {4 and 16 may be formed of stain-
less steel. It will be understood that in place
of Constantan and stainless steel any two other
metals having proper thermo-electric character-
istics may be employed. The strips i1 to 16 are
secured together in any suitable manner. One
desirable method is to roll these members together
while hot so as to weld them together in the roll-
ing process. If the members are formed by such a
rolling process, it is possible to have the strip i0
in the form of a continuous strip.

At uniformly spaced points designated by the
dotted lines {8 and {9, the strip 18 is cut trans-
versely to the length thereof to provide a plu-
rality of short sections. One of these sections is
shown in Figure 2 and is designated by the refer-
ence character 20. S .

" The last step in the formation of one form of
the thermopile is to remove material adiacent the
joints to electrically separate the component
strips for the greater portion of their length. The
dotted lines 22 and 23 enclose the areas cut away
along the joints between strips 12 and 13 and be--
tween strips {4 and 8. It will be noted that by
cutting away this portion two slots are provided
separating the strips 12 and {3 on the one hand
and strips 14 and 15 on the other hand for the
greater portion of the length of these strips. A
dotted line 24 encloses the portion which is cut
out adjacent one end of the section and which is
cut out between strips {1 and {2, 13 and 14, and
15 and i6. It will be noted that between strips
Il and 12, 13.and 14, and 15 and 16 the dotted
lines extend within a short distance of the far
end of section 28 but still leaves the dissimilar
strip contiguously joined to adjacent strips-for a
substantial distance. The dotted line 24 further
encloses a rectangular piece extending from the
near end of its strip to the portion 28 of dotted
line 24. It will be noted that this rectangular por-
tion includes the near ends of strips 12, 13, 1§ .
and {6 leaving a portion of strips {1 and 5 pro-
Jeeting' outwsrdly from the remaining portion of

section . 20. The dotted lines 29 and 30 enclose
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circular portions to provide apertures through the
projecting ends of strips 11 and 16.

The particular manner in which the portions
outlined in dotted lines are removed forms no
part of the present invention, although it is to
be understood that such material can be removed
by a single die stamping operation, using dies of
relatively simple form. :

In Figure 3 one form of the completed product
is shown. The slots formed by cutting away the
portion enclosed by dotted lines 22 and 23 are
designated in this figure by reference numerals
32 and 33. The slots between members i and
i2, 13 and 14, and 15 and 6 are designated by
the reference numerals 35, 36 and a7, respectively.
It will be noted that alternate slots extend from

opposite ends of the section. ‘The result is that
strips ij to i6 are connected together In series
by the. remaining uncut portions of the joints
between these strips. It is usually desirable,
where a plurality of thermocouples are employed,
to connect them in series as is done by extending
alternate slots in alternate directions in the man-
ner shown. It is also possible to connect the
constituent thermocouples in parzlle]l by extend-
ing the slots in the same direction and providing
suitable jumpers to connect the
together.

The projecting ends of strips | { and 6 are des-
ignated in Figure 3 by the reference characters
80 and 41, the apertures therethrough formed by
the removal of the material within dotted lines
ag and 30 being designated by the reference nu-
merals 82 and 868. It will be nofed that the pro-
jecting ends 40 and 4§ have been bent upwardly.
These ends are designed to form terminsal por-
tions for the thermopile unit and may if desired
also be employed for maintaining the unit. The

apertures 42 and 44 may be tapped so as to pro-
vide for the reception of screws therein.

The device of Figure 4 is similar to Figure 3
with the exception that after the portiocns be-
t{ween the component strips are cut away, the
strip is subjected to a rolling operation. It will
be noted that in this specles, the terminals 50 and
51 corresponding to terminals 408 and 41 of Figure
_3 are not bent transversely to the strip but merely
extend longitudinally therefrom. The form of
Figure 4 is desirable where the burner is of the
conventional type with a flame of substantially
circular cross-section.

In Figure 5 there is shown a still further modi-
fication of our device. In this form of the device,
there are a relatively large number of component
strips so as to provide a large number of thermo-
couple units. The strip itself is of considerably
greater width than in the species of Figures 1to0 4
and is preferably of somewhat thinner material.
After the strip is subjected to the stamping op-

eration indicated in dotted lines in Figure 2, the

strip has a layer of insulating material disposed
adjacent it and is rolled spirally to form the com-
pact unit shown in Figure 5. In.this figure, the
insulating layer is designated by the reference
numeral 54. It will be noted that in the form
shown, there are ten thermocouples and In spite
of this, the space occupied is not particularly

various elements.
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the arrangement of Figure 5 is desirable by reason
of its relative compactness.

It will be seen that by reason of the present
invention, it is possible to manufacture thermo-
couples or thermopiles by an extremely simple
process. The thermocouple elements produced
in accordance with the invention may be rugged,
compact and capable of the generation of rela-
tively high current or voltage. While we have
shown & specific embodiment of our invention, it
is to be understood that the scope thereof is to be
limited only by the appended claims.

We claim as our invention:

1. A thermocouple member having a plurality
of strips of dissimilar thermo-electric character-
istics contiguously joined tozether along their ion-
gitudinal edges and extending for a substantial
distance, said member having slots therethrough .
electrically separating said strips for the greater
portion of their length, and said member being
spiraily rolled with insulating material disposed
between adjacent layers of the spiral.

2. A thermopile member comprising 2t least
four thin strips contiguously joined together for
a substantial distance along portions of their
longitudinal edges with said edge portions in
abutting relation, each two adjacent strips being
of materials of dissimilar thermoelectric charac-
teristics and being joined only adjacent one end,
said members having & slot formed between ad-
jacent pairs of strips and extending & substantiel
distance so that any one strip is'being joined to
the adjacent strip on one side at the opposite end
from that et which it is joined to- the adjacent.
strip on the other side so that said strips are
separated for the greater portion of their length
by & plurality of slots extending alternately from -
opposite ends of the member, and said member
being spirally rolled with insulating material dis-
posed between adjacent layers of the spiral. )

3. A thermopile member formed from a single
sheet of material comprising g plurality of alter-
nate strip members of dissimilar thermoelectric’
characteristics, longitudinally abutting in side-
by-side relationship, each two adjacent strips be-
ing joined only adjacent one end, any one strip
being joined to the adjacent strip on one side ab
the opposite end from which it is joined to the
adjacent strip on the other side, sald members
having slots formed between each other and ex-
tending alternately from opposite ends of the
member, and said member being spirally rolled
with insulating material disposed between adje-
cent layers of the spiral. ‘

4. A thermopile, formed as a rigid structure,’
comprising, alternate strips of metal having dis- -
similar thermoelectric characteristics which lon-
gitudinally abut each other in side-by-side rela-
tionship, said structure having slots formed be-
tween the several strips which are narrower in
cross dimension than. either strip to thereby give

- self-supporting rigidity to said structure, said
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greater than that occupied by the species of Fig- -

ure 4. The device does
however over that of Figures 3 and 4 in that a
somewhat greater time is required for cooling of
the hot junction of the thermocouples due to the
fact that they are closer together and hence
radiate the heat more slowly. Where the time of

response is not of the utmost importance however,:

have the disadvantage -
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slots extending alternately from opposite ends of
said structure so that each two adjacent strips
are joined only adjacent one end and any one
strip is joined to an adjacent strip on one side
at the opposite end from which 1t is joined to
the adjacent strip on the other side, the two lat-
erally opposite end strips being substantially long-
er than a plurality of intermediate strips, and
arranged so that said structure may be vertically
or horizontally supported on said ‘end strips.

5. A thermopile, formed as & rigid structure,
comprising alternate strips -of metal having dis-
similar thermoelectric characteristics which lon--
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gitudinelly abut each other in side-by-cids zalo-
tlonship, asid structure having slots formed Be-
- tween the several strips which are narrower in
cross dimension than either strip, to thereby give

self-supporting rigidity to said structure, aaid

slots extending alternately from opposite ends
of said structure so0 that each two adjacent sirips
are joined adjacent only. one end and any ome
strip is joined to an adjacent sirlp on ome side

at the opposite end from which 3t is joined to 10

the adiacant strip at the otlier aids, the two lat-
crally oppodte end sivips belng substantially long-
er then o plurality of intermediate strips to pro-
vide means for rigidly cupporting seld structure
in o verticol or horizontal pesition, and said atrue-
fure being rolled into & substantially cylindrical
body, the axis of sald eylinder heing paralie] with
the Jongitudinel axis of sald strip members,
HUBERT T. 8PARROW.
JOHEN B, WILBON,




