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Application August 11, 1951, Serial No. 241,408

1

This invention relates to electric resistance ele-
ments and electric resistance units containing the
same, and more particularly to composite resist-
ance elements formed by attaching a pair of in-
dividual resistance grids, preferably stamped from
sheet metal, to a common supporting member
which also serves as a wiring terminal and to re-
sistance units which comprise an assemblage of
such composite resistance elements and which are
suitable for various purposes such as, for ex-
ample, the control of electric motors of the smaller
integral horsepower sizes.

A general object of this invention is to provide 2
resistance unit or resistor possessing the advan-
tages of the resistor disclosed and claimed in
David C. Wright Patent No. 2,378,056 issued on
June 12, 1945, but capable of having g wider range
of resistance per unit volume, particularly a
greater resistance per unit volume, and of hav-
ing a larger number of intermediate taps.

In the resistor of the Wright patent, lug por-
tions at opposite ends of a sheet metal resistance
-element shaped In the form of a grid are offset
in opposite directions from the plane of the in-
termediate portion of the grid and lie in respec-

17 Claims. (CL 201-—69)
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tive planes which are spaced from but parallel to ;

the plane of the intermediate portion. When a
plurality of the grids of the patent are properly
assembled in fatwise spaced relation on a sup-
porting means to form a resistor, the lug portions
at a given end of a pair of adjacent grids extend
away from each other and the lug portions at the
other end of the same adjacent grids extend to-
ward and engage each other. The lug portions
in engagement with each other are spot welded
together after the resistor is assembled.

Resistors such as disclosed in the Wright pat-
ent and using grids stamped from a chromium-
aluminum-steel alloy of high specific resistance
are currently being manufactured with a mini-
mum continuous rating of 32 amperss at a tem-
perature rise of 375 degrees centigrade. The re-
sistors of this rating with forty-eight grids have
a resistance of approximately seven chms.

A more specific object of this invention is to
provide a resistor of the same or similar cutline
dimensions which has a resistance considerably in
excess of seven ohms and which is capable of
having a larger number of intermediate taps than
the resistor of the Wright patent, thus enabling
more precise selection of increments of the total
resistance of the resistor for utilization in an ex-
ternal circuit.

Since suitable metzals or alloys of higher specific
resistance than the alloy described above are not
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available, the resistance of a resistor built in ac-
cordance with the disclosure of the Wright pat-
ent can be increased only by decreasing the cross-
sectional area of the current path through the
grids, using more grids, making the current path
of each grid longer, or by a combination of any
two or all three of these expedients.. To provide
the desired higher resistance by reducing the
cross-sectional area of the current path through
grids proportioned and supported like those of
the Wright patent, either by using thinner metal
or narrowing the width of the grid bars, or both,
is not a satisfactory solution of the problem be-
yond a limited range because the grids become too
flexible and have to be supported at so many in-
termediate locations that the cost of the resistor
is materially increased and its heat dissipating
ability is seriously impaired. Increasing the
length of the grids or using more grids in flat-
wise spaced relation likewsie are not adequate
solutions of the problem because the ratio of re-
sistance to unit volume is either lessened or not
materially increased and the shape and outline
dimensions of the resistor deviate too much from
standard practice. - Furthermore, none of these
expedients, or any combination of them, results

-in a resistor which can be provided conveniently

with the. desired large number of intermediate
taps. For these and other reasons it is not prac-
ticable economically to manufacture resistors such
as disclosed in the Wright patent which have the

. Gesired higher resistance or the'greater number

of taps. . :

Accordingly, another object of the present in-
vention is to provide an improvement of the re-
sistor of the Wright patent capable of bheing
manufactured economically with a much larger
resistance per unit .volume and without devig-
tion from standard outline dimensions for such
resistors. .

A further object is to obtain the increased re-
sistance to volume ratio by the provision of a
novel composite resistance element, formed by spot
welding a pair of identical sheet metal grids to
a comunon combined terminal and supporting
member., The composite resistance element in
accordance with this invention has g longer cur-

.rent path for a given area than prior resistance

elements, and the individuail grids thereof are so
proportioned and arranged in cocperation with

.novel combined terminal ang supporting mem-

bers that they can be magde of relatively thin

_metal and have relatively narrow grid bars and

still be conveniently supported for operation at
elevated temperaturesﬂ. The cooperative relation
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between the individual grids and the combined
terminal and supporting members is such that
taps to which lead-in conductors can be secured
are provided at opposite ends of each of the in-
dividual identical grids thereby to provide the
desired large number of intermediate taps. The
principal advantages of the off-set end portions
of the grids of the .prior resistor are retained in
the improved resistor.

Additional objects are to provide an improved
composite resistance element, to provide a com-
posite resistance element :comprising -a pair of
substantially coplanar identical sheet metal re-
sistance elements secured to ‘and -extending in
the same direction from a common ccombined
terminal and supporting meniber, to provide an
improved electric resistor comprising & plurality
of composite resistance elements arranged in flat-
wise spaced relation and having a relatively large
number of intermediate taps, to provide an im-
proved resistor comprising an assemblage of flat-
wise spaced resistance elements than can ‘be
economically manufactured with a relatively
large resistance per unit wvolume, to provide a
resistor comprising a spot-welded assemblage of
composite resistance elements of improved de-
sign, and to provide an electric resistor in which
a plurality of complementary composite resist-
ance -elements are supported in flatwise spaced
relation with an offset portion -of each of the
elements extending toward and engaging a por-
tion of an adjacent element at an area accessible
for spot-welding therebetween.

An individual resistance element of the com-
posite resistance element of this invention pref-
erably is stamped from resistive ‘sheet metal in
the form of a relatively long -and narrow sub-
stantially uniplanular grid having a plurality of
relatively narrow transverse grid bars of sub-
stantially the same width. The bars at opposite
ends of the -grid constitute respective lug por-
tions one of which is in the plane of the grid and
the other of which is offset so that its terminal
portion is spaced from and parallel to the plane
of the remainder of the grid. A -pair of the in-
dividual grids are assembled into a composite
resistance element by -spot-welding the respec-
tive end bars thereof ‘that are not offset to re-
spective tongue portions of a common combined
terminal and supporting member.
sembled into a composite resistance element, the
pair of ‘individual grids are arranged in edge-
wise spaced relation in a common plane with
their respective longitudinal axes parallel to each
other and with the respective offset end bars of
the two individual grids offset in opposite direc-
tions from the plane of the remainder of the
compoesite resistance element. The composite
resistance element is ctompleted by spot-welding
another of the combined terminal and support-
ing members to one of the two offset end bars.

A resistor in accordance with this invention
comprises an assemblage of such composite re-
sistance elements held in fiatwise spaced rela-
tion by a supporting means with those of the
respective terminal members which are spot
welded to the off-set end bars extending toward
and in engagement with the respective opposite-
ly off-set end bars of adjacent composite resist-
ance elements which do not have terminal mem-
bers welded to them. After the resistor is as-
sembled on the supporting means, spot welds are
made between these terminal members and these
oppositely off-set end bars engaged thereby.
Alternate ones of the composite resistance ele-

‘When as- -
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ments have terminal members of slightly dif-
ferent configuration from each other so that ex-
tending portions of adjacent terminal members
are spaced apart to provide adequate electrical
clearance and tc facilitate accessibility and the
connection of lead-in conductors thereto.

Other objects and advantages of this inven-
tion will beccme apparent from the following
specification wherein reference is made to the
accompanying drawings, in which

Fig. 1 is an exploded perspective view showing
how a pair-of the composite resistance elements
of this invention are complementary to each
other when arranged side by side on a pair of
-supporting holts,

Tig. 2 is o sectional view taken generally along
the line 2—2-of Fig. 3,

Tig. 3 is a front elevation of a resistance unit,
embodying an assemblage of the resistance ele-
ments of Fig. 1, with an intermediate portion
having parts at the rear of the unit omitted, and
partly in section as indicated by the line 3—3 of
Pig. 4,

Fig. 4 is a top plan view with an intermediate
portion having parts at the bottom of the unit
omitted and partly in section along the line 44
of Fig. 2,

Tigs. 5 and § are perspective views of the com-
bined terminal and supporting members of the
unit of Figs. 2, 3, and 4,

Fig. 7 is a fragmentary front elevation of a
modified resistance unit with parts at the rear
omitted, and

Pig. 8 is a fragmentary rear elevation of the
unit of Fig. 7 with parts at the front omitted.

Since the resistance unit or resistor may be
used in any turned position as well as in the
position in which shown, such positionally de-
scriptive words as front and rear, upper and
lower, and the like as used herein are used for
convenience in describing relative positions only.

‘Referring principally to Figs. 1 and 2, one of a
pair of complementary composite resistance ele-
ments in accordance with this invention, indi-
cated by the reference numeral {0, comprises a
pair of identical individual resistance elements
i _suitably fastened to a common combined ter-
minal and supporting member #2 as by spot-
welding, and another one of the pair of com-
posite resistance elements, indicated by the ref-
erence numeral !4, comprises a pair of the indi-
vidual resistance elements {1 similarly fastened
to a common combined terminal and supporting
member {5,

®ach of the individual resistance elements i is
preferably an integral viece of sheet metal of
suitable thermal, mechanical and eleetrical char-
acteristics, such as a high resistance ajloy of
chromium, aluminum, and steel, and is preferably
shaped in the form of an elongated grid having
a plurality of parallel spzced intermediate leg
portions {6 transverse to its longitudinal axis and
interconnected alternately at opposite ends by
connecting portions 18 to form a uniplanular cir-
cuitous current path between opposite end leg por-
tions 19 and 29 which are preferably paraliel to
the intermediate leg portions (8§ and which con-
stitute supporting lugs for the individual resist-
ance elements or grids. An adjacent pair of the
intermediate leg portions 8, preferably a pair i6¢
midway between the end leg portions {9 and 20,
are of reduced length and are connected by &
connecting portion 180 of correspondingly -
creased width to provide space for a circular
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opening 21 which cooperates with an intermedi-
ate supporting means to be described.

The grids {1 may be formed directly from sheet
metal by a stamping operation or mav be formed
by edgewise bending of & long straight strip, and
may be of any suitable configuration, the convo-
lutions defined by the leg portions 18 and con-
necting portions {8 being merely illustrative of a
preferred embodiment which provides a relatively
long: current path within a relatively small area
with only a small amount of metal being wasted
in the stamping operation. Preferably, the leg
portions 16 are relatively short as shows so as
to impart sufficient rigidity to the grids {1 to en-
able them to be relatively long and to be formed of
relatively thin sheet metal and still not vibrate
excessively or warp at elevated temperatures.

The end leg 20 of each of the grids ] is bent
intermediate of its length to define an angularly
disposed portion 22 between an inner end portion
of the leg 29 which remains in the plane of grid
and an outer end portion 24 which is bent so that
it lies in a plane spaced from but paralle] to the
plane of the remainder of the grid. The end
legs 20 are made slightly longer than the legs 19
so that, after the bending operation, the end edges
of the end legs 19 and 20 are substantially equi-
distant from the longitudinal center-line of the
grid. Preferably, the opening 21 is on the opno-
site side of the longitudinal center-line of the grid
. from the end edges of the legs 18 and 28.

As shown most clearly in Figs. 1 and 5, the com-
bined terminal and supporting member (2 com-
prises a piece of sheet metal, preferably cold-
rolled steel, having a body portion 25 provided
with a centrally disposed circular opening 2. A
pair of aligned tongue portions 28 and 29 extend
from the top and bottom, respectively, of the hody
portion 25 in the plane thereof and preferably
have their respective outer side edges aligned
with a side edge 80 of the body portion 25. A
bracket portion 31 which extends from the top
of the body portion 25 is spaced a short distance
from the tongue portion 28 and has a portion 32
overhanging a side edge 33 of the body portion
25 opposite the side edge 36. The bracket por-
tion 81 is bent at right angles to the prlane of the
body rortion 25, to the left as viewed in Pig, 5,
and the overhanging portion 32 is formed to de-
fine a downwardly directed wire receiving channel
84. Notches 35 (Fig, 1) formed in opposite side
edges of the portion 32 define an intermediate
portion 35 of reduced width between pairs of op-
posing shoulders 37.

As shown most clearly in Figs. 1 and 6, the com-
bined terminal and supporting member 15, which
is similar to the terminal and supporting mem-
ber 12, has a body portion 38 provided with a
centrally disposed circular opening 29, a pair of
tongue portions 48 and 41 corresponding to the
tongue portions 28 and 29 of the member {2, and
a bracket portion 42 similar to the bracket prortion
31 but bent in the opposite direction or to the
righf as viewed in Fig. 6. A wire receiving chan-
nel 44 formed in an overhanging portion 45 of the
bracket portion 42 opens upwardly, as viewed in
Fig. 6, and notches 46 (Fig. 1) in opposite side
edges of the cverhanging portion 45 define an in-
termediate portion 471 of reduced width between
pairs of opposing shoulders 48. :

A pentagenal collar 48, which may be received
on the overhanging portion 32 of the bracket 31
of the terminal member {2 between the shoulders
37, has a set screw 59 threaded through an open-
Ing-in-a relatively short side wall 5{. The set
screw 50 may be turned to engage the upper sur-
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face of the intermediate portion 36 thereby to
force a pair of side walls 52 of the collar 49,
which intersect at an acute angle opposite from
the lower end of the set screw 50, against a lead-
in conductor (not shown) received in the channel
34 thereby to hold the lead-in conductor in good
electrical contacting engagement with the ter-
minal member 12, Similarly, a collar 48 may be
received on the overhanging portion 45 of the
bracket 42 of the terminal member 15 between
the shoulders 48 so that its set screw 59 may he
turned to engage the lower surface (Fig. 6) of the
intermediate reduced portion 47 to cause a lead-in
conductor (not shown) to be gripped between the
ac?’cdezy infersecting side walls 52 and the chan-
ne .

Although the terminal members 12 and I5 are
shaped to accommodate a specific form of wire
securing means, it is to be understoed that they
may be arranged in other suitable ways to facili~
tate the attachment of conductors thereto. For
clarity of iNustration, the collars 489 have heen
omitted from the resistor shown in Figs. 1, 2, 3,
and 4, it being understood that they may be
placed either on all or selected ones of the mem-
bers 12 and I5 thereof.

Again referring principally to Figs. 1 and 2,
each of the composite resistance elements {g is
assembled by overlapping the outer end portion
of the end leg 18 of one of the grids i1 on the
tongue portion 28 of one of the terminal mem-
bers 12 and securing it thereto ag by a pair of
spot welds 54, and by overlapping the outer end
portion of the end leg {9 of another one of the
grids {1 on the other tongue portion 29 of the
same one of the members {2 and securing it
thereto as by a pair of spot welds §5. When so
welded to the tongue portions 28 and 29, the
two grids ff of the resistance element {0 lie in
a common plane and extend in edgewise spaced
relation from the terminal member 12 in the
same direction with their longitudinal axes par-
allel and, as viewed in Fig. 1, with the offset
portion 24 of the leg 290 of the uppermost grid
Il offset in a direction away from the resist-
ance element {4, and the offset portion 24 of
the leg 20 of the lowermost grid I{ offset in a
direction toward the resistance element 14. The
offset portion 24 of the uppermost grid {1 over-
laps the tongue portion 2§ of another of the
terminal members {2 and is secured thereto as
by a pair of spot welds 58. It should be noted
that the terminal members {2 of each of re-
sistance elements {0 overlap the grids {1 thereof
on the side facing in the direction of offset of
the portion 24 of the uppermost one of the grids.

Each of the composite resistance elements 14
is assembled in a similar manner by overlapping
the outer end portion of the end leg 19 of one
of the grids 11 on the tongue portion 41 of one
of the terminal members (5 and securing it
thereto as by a pair of spot welds 58, and by
overiapping the outer end portion of the end
leg I8 of another one of the grids i1 on the
other tongue portion 40 of the same one of the
members 15 and securing it thereto as by a pair
of spot welds §9. When so welded to the tongue
Dortions 48 and 41, the two grids {{ of the re-
sistance element (4 are so positioned that they
lie in a common plane and extend from the
terminal member I5 in edgewise spaced rela~
tion in the same direction with their longitudi-
nal axes paraliel and, as viewed in Fig. 1, with
the off-set porticn 24 of the leg 20 of the up-
permost grid fi off-set in a direction toward
the resistance element 19, and the offset portion
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24 of the lowermost grid {1 offset in a direction
away from the resistance element {0. The off-
set portion 24 of the uppermost grid 11 of each
of the resistance elements {4 overlaps and is se-
cured as by a pair of spot welds 80 to the tongue
portion 41 of another of the terminal members
5. Tt should be noted that the terminal mem-
bers {5 of each of the resistance elements 14,
like the terminal members 12 of each of the
resistance elements 19, overlap the grids It
thereof on the side facing in the direction of

off-set of the portion 24 of the uppermost one

of the grids.

The composite
are complementary to each other and a com-
plete resistor in accordance with this invention
and shown in Figs. 2, 3, and 4 comprises a plu-
rality of the elements {0 and {4 arranged alter-
nately in flatwise spaced relation aleng a pair
of elongated main supporting bolts 84 and 65
held in parallel spaced relation In a manner to
be described and surrcunded throughout most
of their length by respective insulating tubes 66
and 61. The resistor is assembled by slipping
the openings 25 in the terminal members 12
of one of the resistance elements {2 over the
tubes 66 and 571, respectively, with the brack-
ets 31 above the bolts 64 and 85, and then slip-
ping the openings 30 in the terminal members
{5 of one of the resistance elements {4 over the
tubes 56 and 87, respectively, with the brack-
ets 42 below the bolts 64 and &5. Additional
resistance elements {8 and 14 are received al-
ternately in like manner on the bolts 64 and
65 until the desired number of elements have
heen assembled to form a row OT stack. Since,
when so assembled, the brackets 31 of the ter-
minal members {2 are above the longitudinal
center line of the resistor, their respective chan-
nels 24 open downwardly, and since the brack-
ets 42 of the terminal members 18 are below
the longitudinal center line of the resistor, their
respective channels 44 also open downwardly.

The uppermest grids 11 of the resistance ele-
ments {% and 14 are in an upper row with their
respective intermediate openings 21 in alignment
and the lowermost grids I{ of the resistance
elements are in a lower row with their respec-
tive intermediate openings 21 in alignment.

The brackets 31 and 42 at the rear of the re-
sistor all extend from their respective termi-
nal members {2 and 15 in the same direction
or toward the right as viewed in Figs. 3 and 4,
and the brackets 31 and 42 at the front of the
resistor all extend in the same direction from
their respective terminal members {2 and 15
or to the left as viewed in Figs. 3 and 4. The
brackets 3! and 42 of adjacent ones of the re-
sistance elements 18 and 14, respectively, are
thereby spaced apart from each other both hor-
izontally and vertically of the resistor thereby
to provide adequate electrical clearance there-
between and between lead-in conductors (not
shown) connected thereto.

Since the channels 34 and 44 open down-
wardly, the set screws 5% of the collars 49 when
received on the brackets 3i and 42 have their
respective heads facing upwardly, and since the
brackets 21 and 42 on the same side of the re-
sistor extend in the same direction, clearance is
provided for a screw-driver to reach the set
serews 58 of the collars 4% when received on the
brackets 42 as clearly seen in Pigs. 3 and 4.

Referring particularly to Fig. 3, it will be not-
ed that the upper offset portions 24 of the re-

resistance elements 19 and 4
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sistance element 10 and 14 all extend in one di-
rection endwise of the row from the plane of
their respective elements, and the lower offset
portions 24 all extend in the opposite direction.
As. seen from the front of the resistor as in Fig.
3, the upper offset portions 24 extend to the left
and the lower offset portions 24 extend to the
right.

Because the elements {0 and {4 are disposed
alternately in the row or stack along the bolts.
64 and 65, the terminal members {2 and I5
which depend from respective ones of the upper
offset portions 24 at the front of the resistor are
disposed alternately along the row, and their re-
spective tongue portions 29 and 40 engage the
lower offset portions 24, respectively. Thus the
offset portion 24 of the lowermost grid I1{ of
each of the resistance elements {0 extends to-
ward and engages in overlapping relation the
tongue portion 40 of the front terminal mem-
ver 15 of the mext adjacent resistance element
{4, and the offset portion 24 of the lowermost
grid i1 of each of the resistance elements 14, ex-
cept the one nearest an end frame 68 at the
right-hand end of the row, extends toward and
engages in overlapping relation the tongue por-
tion 29 of the front terminal member 12 of the
next adjacent resistance element (0. The off-
set portions 24 engage the respective tongue
portions 29 and 40 at respective areas accessible
by the electrodes of a spot-welding machine (not
shown) and, after the resistor is assembled, pairs
of spot-welds (not shown) may be made between
the abutting portions 24 and tongue portions 29
and 49, respectively. The adjacent resistance
clements [0 and 14 are thus held in flatwise
spaced relation at the front of the resistor and
an electric circuit is completed from element to
element through spot~-welds.

The main supporting bolts 84 and 65, each of
which is threaded at its opposite end portions,
are received at one end in respective horizontal-
1y spaced openings in the end frame 68 and at
the other end in similar respective openings in
an end frame 69. Preferably, the openings in
the end frames 68 and 69 are elongated hori-
zontally, as indicated in Fig. 4, so as to provide
space for thermal expansion of the resistance
elements 10 and 14 carried by the bolts 84 and

65.

Each of the bolts 64 and 65 is preferably in-
sulated from the end frame 68 by an outer in-
sulating washer 10 having a centrally disposed
annular boss T1 (Fig. 4) which extends through
its associated opening in the end frame 68 into
5 complementary centrally disposed cylindrical
recess in an inner insulating washer 12, and each
is retained in position with respect to the end
frame 68 by inner and outer nuts 14 and 15
tightened against the washers 12 and 10, respec-
tively, metal washers 13 performing their usual
function as indicated. The opposite end por-
tion of each of the bolts 64 and 65 is similarly
insulated from and secured to the end frame 69.

As mentioned, the resistance elements (0 and
|4 are arranged alternately in a row or stack
along the bolts 64 and 65 with the insulating
tubes 66 and 67 passing through the respective
openings 26 and 39 in the terminal members (2
and 5. The respective end portions of the re-
sistance elements 10 and 14 at the front of the
resistor or in the region of the bolt 64 are ad-
ditionally held in flatwise spaced relation by
suitable heat resisting insulating washers 16 re-
ceived over the insulating tube 86 and interposed
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Tespectively in the spaces between adjacent ones
of the terminal members (2 and 18 disposed
along the tube 66. Similarly, the respective end
portions of the elements i0 and 4 at the rear
of the resistor or in the region of the bolt 65
are held in flatwise spaced relation by addition-
al insulating washers 76 received over the in-
sulating tube 67 and interposed respectively in
the spaces between adjacent ones of the termi-
nal members {2 and 15 disposed along the tube
67. In other words, both at the front and rear
of the resistor adjacent ones of the terminal
members 12 and 15 are spaced apart by engage-
ment of the margin of the metal around the re-
spective openings 26 and 39 with the planular
side faces of one of the washers 16. Additional
washers 16 may be placed on the insulating tubes
66 and 67, respectively, at opposite ends of the
row of resistance elements, the outermost. ones
of the washers 16 at each end of the row pref-
erably extending slightly beyond the end of their
respective tubes as shown in Pig. 4. The row
of resistance elements 10 and 14 is held to-
gether by nuts T8 threaded on the end portions
of the bolts 64 and 65, respectively, suitable lock
washers 79 and plain metal washers 80 being dis-
posed between the nuts 18 and the outermost of
the insulating washers 16, respectively.

The uppermost ones of the individual grids (1
are supported intermediate of their respective
end portions by a supporting means comprising
an elongated bolt 81 passing through the aligned
openings 21 in the upper row of grids and hav-
ing its opposite end portions threaded and re-
ceived in horizontally elongated openings near

the top of the respective end frames 68 and 69. -

A supporting means for the intermediate por-
tions of the lowermost ones of the individual
grids {1 comprises a similar bolt 82 passing
through the aligned openings 21 in the lower
Tow of grids and having its opposite end por-
tions received in respective horizontally elon-
gated openings near the bottom of the respec-
tive end frames 68 and 69, Each of the end
portions of the bolts 81 and 82 is preferably se-
cured to and insulated from its associated one
of the end frames 68 and 69 by a pair of tele-
scoping insulating washers 84 and 85, similar to
the washers 70 and 72, respectively, and outer
and inner nuts 86 and 81. The upper and low-

er intermediate supporting means also comprise

respective groups of insulating washers 89 to
he described and received on the respective bolts
81 and 82 thereof.

The intermediate portions of the grids 11 in
the upper row are held in fatwise spaced rela-
tion by the group of the insulating washers 89
recelved on the holt 81, and the intermediate
portions of the grids f1 in the lower row are held
in flatwise spaced relation by the group of the
insulating washers 89 received on the bolt 82.
As shown most clearly in Fig. 4, each of the
washers 89 has a central annular boss 90 on one
side, and, on the other side, a central cylindrical
recess 91 of slightly larger diameter than the

boss 90 and slightly deeper than the height of the ¢

boss 80. Washers 89 of the group disposed along
the bolt 8i are interposed respectively in the
spaces between adjacent ones of the uppermost
grids {1 with the bosses 90 thereof fitting snug-
ly into the next adjacent ones of the openings
2{, respectively, and extending respectively
therethrough into the recesses 91 of the next
adjacent ones of the washers 89. Similarly the
washers 89 of the group disposed along the bolt
82 are interposed respectively in the spaces be-
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tween the adjacent ones of the lowermost grids
{i. Additional washers 89 may be placed on the
bolts 8f and 82 at opposite ends of the row of
resistance elements. The margin of metal
around the opening 21 of each of the grids i1 is
thus disposed between an annular surface
around the boss 90 of one of the washers 89 and
an annular surface around the recess 9¢ of the
next adjacent one. of the washers 89.

The respective groups of the washers 89 on
the bolts 81 and 82 are held in position by nuts
92 threaded on respective opposite end portions
of the Lolts. At the end portion of the bolt 8i
nearest the end frame 69, a suitaple lock washer
94 and a plain washer 95 are interposed be-
tween the nut 92 and the outermost one of the
washers 83 on the bolt 8 and, at the end portion
of the bolt 82 nearest the - end frame 69, a lock
washer 84 and a plain washer 95 are also.inter-
posed . between the nut 92 and the outermost
one. of the washers 89 on the bolt 82. Similar
lock washers 94 and plain washers 95 are used
respectively on the end portions of the bolts
81 and 82 nearest the end. frame 68. At the
end nearest the end frame 68, however; the
respective hosses 90 of the outermost ones of
the insulating washers 89 are received. respec-
tively in recesses 96 (Fig. 4) of insulating
washers 97 received on the respective bolts 81
and 82 and having planular outer surfaces in
engagement with the respective washers 95.

An electrie circuit through the resistor of Pigs.
2, 3, and 4 can be traced as follows: .

Starting at the terminal member (2 at the
front of the resistor and which forms part of the
resistance element 10.closest to the end: frame
69, the circuit is from the bracket. portion 31
thereof through its tongue portion. 28 and the
spot welds 56 (Fig. 1) into the offset portion
24 of the uppermost grid {f of this first one
of the resistance elements 10 and thence through
this grid 1{ across the upper portion of. the
resistor. - At.the.rear of the resistor, the circuit
continues from the uppermost grid il of the
first of the resistance elements 10 downwardly
through the spot welds 54 (Fig. 1) into the
tongue portion 28 of the other or rear terminal
member {2 of the first resistance element 10
and from the tongue portion 29 thereof through
the spot welds 55 (Fig. 1) into the lowermost
erid- {4-of the.first resistance element 0. The
cireuit is then through this lowermost grid i1
back -across the bottom portion of the resistor
to its offset portion 24 which ig spot welded to
the tongue portion 40 of the front terminal
member 15 of the first of the resistance elements
14 nearest the end frame 69. From the tongue
portion 41 of this terminal member (5 the cir-=
cuit is through a pair of the spot welds 69
(Fig. 1) into the offset portion 24 of the upper-
most grid If of the first of the resistance ele-
ments {4 and thence through this grid i{ across
the top vortion of the resistor. At the rear
of the resistor, the circuit continues downwardiy
through a pair of the spot welds 58 into the
other or rear terminal member i5 of the first
of ‘the resistance elements 14 and from this
member {5 through a pair of the spot welds
39 (Fig. 1) into the lowermost of the grids. {1
of the first of the resistance elements {4. The
circuit then exiends through this lewermost grid
i1 across the bottom portion of the resistor to-
wards the front and into its offset portion 24
which is spot welded to the tongue portion 29
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of- the front terminal. member- 12! of the next
adjacent one of-the resistance elements: I0.

The circuit continues. in like. manner back and
forth across the resistor until the. resistance. ele~.
ment 14 nearest the. end frame. 68: is: reached.

T will be understood. that lead-in con-
ductors may. be secured: to any of the.terminal
members. 12: and 15 at: the front and. rear of
the resistor to select increments of the total
resistance of the resistor for use. in an external
electric circuit. Although in the resistor as
shown. all of the resistance elements 10 and 14
in. the row are connected to form a continuous
series circuit from one end. of the resistor to
the other, it will be understood that groups of
series-connected resistance elements {6 and. 14
may- be disposed along the supporting bolts 64
and 65 and electrically. isolated from each other.

Tn the modified resistor of Figs. 7 and 8;
complementary composite: resistance. elements
{00 and i0i, each comprising a pair of: indi-
vidual grids 102 similar:to the grids it but not
having off-set portions, are arranged alternately
in a row along the main supporting bolts 64
and 65 and the bolts 81 and 82 are used to sup-
port intermediate portions of the grids. 102.
The insulating washers. 76.and 89 may be.used
as. in the resistor of Figs. 2, 3, and 4 to hold
the elements. 106 and. 101 in flat-wise spaced
relation.

Tach of the composite resistance elements 100
is assembled by overlapping the outer end por-
tion of an end leg 104 (Fig. 8). of one of the
individual grids. 102 on the. tongue. portion 28
of one of the terminal members.12. and securing
it thereto as.by 2 pair of spot. welds 109, and
by overlapping the outer end portion of the end
leg 104 of another one of the grids. 102 on the
tongue portion 29: of the same one of the ter-
minal members 12 and securing it thereto as
by a pair of spot welds: {05. When so welded:
to the tongue portions 28 and 23, the two grids
102 lie in the same plane and extend.from the
terminal member 12 in the same direction with
their longitudinal axes parallel to. each other.

Each of the resistance elements (00 also com-
prises a terminal member 110 (Fig. 7), similar
to the terminal members {2, but having its
tongue portions bent in opposite directions from
its body portion to define respective angularly
disposed portions (il and {12 between: its body
portion and respective outer end portions 114
and 1{5 of the tongues. The end, portions. 14
and 15 are bent so that they lie in respective
planes which are spaced from but parallel to
the plane of the body portion. Each of the re-
sistance elements (00 is completed by overlap-
ping the offset end portion ({4 of one of. the
terminal members (10 on an end leg 1{6 op-
posite from the end leg {94 of the uppermost
one of the grids 102 thereof and- securing it
thereto as by a pair of spot welds i18.

Each of the composite resistance-elements 1ot
is assembled by overlapping the outer end por-
tion of the end leg 104 (Fig. 8) of one of the
grids (02 on the tongue portion 41 of one of
the terminal members-15 and securing it.thereto
as by a.pair of spot welds i19; and by overlapping
the outer end portion of the end leg 104 of
another one of the grids 102 on the tongue por-
tion 49 of the same one-of the terminal members
{5 and securing it thereto as by a pair of spot
welds 120,

Fach of the resistance elements: {81 also.com-
prises a terminal member 12§ (Fig. 1), similar to
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the. terminal members {§; but having-its tongue
portions.bent in:opposite-directions from-its body
portion. to. define respective: angularly disposed:
portions. 124 and (25 between its body portion-and
respective.outer end portions 128 and: {29 ofi the-
tongues. The:end: portions. {28: and (2% ave-bent
so.that: they lie: in- respective: planes. which are:
spaced from. but parallel to the: plane-of: the-body
portion. Each .of: the. resistance- elements. 10F is
completed: by -overlapping- the: offset end portion.
{28 of: one..of the.terminal: members. 124 on the
end:leg-116.0f the uppermost-one of: the.grids- 102
thereof: and securing. it thereto as by & pair of:
spot welds. 130:

The: resistance elements: 10i and (02 are as-
sembled- alternately in-a row on the bolts &4 and
5. to. forms a resistor with thebracket- portions
24- and 42 of: the terminal members: 12 and: 15;
respectively; at the.rear-of the resistor-extending:
in.the same direction; or to the:left: as-viewed in-
Fig, 8, and: with bracket poutions: 134 and: 132 of
the. terminal members {48.and: 124 at the front
of the: resistor- extending in. the- same: cirection-
or.to theleft-asviewedin Fig. T:

Except: for the offset: end portion- [45- nearest
the left hand end:of the resistor (Fig. 7, the end
portions. 145: of* the. terminal members 140+ ex-
tend toward and:engage the-end leg: {16 of the
lowermost grid- 1 82:of the next-adjacent resistance
element: 181: to- which- they-are- eleetrically: con-
nected-after the resistor is-assembled:as- by-a:pair
of-spot- welds {34: Likewise, the-offset: end- por—
tions: {28 of- the terminal: members {21 extend
toward- and: engage the-end leg-116 of the lower-
most grig: 182 of: the next- adjacent: resistance.
element 100-te- whieh: they ave electrically con-
nected after the resistor is assembled as by a pait,
of* spot- welds 135. Thus an electric circuit.
through the resistor of Figs. 7-and 8-is completed:
through spot-welded joints as in the_resistor of.
Figs: 2; 3, and. 4 and the offset. tongue. portion.
of-the terminal members 110 and {21 proyide the
advantages of the offset portions 24;. ‘

Having thus described my. invention,, I claim;

1. An electric resistor comprising, a. group. of.
generally planar metallic grid members arranged.
in pairs with.the individual grids of each pair in
generally edgewise spaced.and . generally-parallel
relation and the several: pairs arranged.in. fiat-.
wise, spaced. and, generally. parallel relation; to.
each other, whereby adjacent ones.of the-pairs.
are. offset, laterally. one .from. the other, each of
the grid members of each pair having, af. one
end of the pair, a first.integral Ing portion, elec-
trically conductive rigid supporting members re~
spective to the pairs and each electrically. interr
connecting and. permanently, bended to the. first.
lug portions, of, its associated.pair and thereby.
holding the_grid members, of. its.associated. pair
fixedly, in said. generally edgewise spaced. and
generally, parallel relation, each grid member of
each pair.haying a.second integral lug portion at.
its, opposite-end, additional electrically -condugr.
tive rigid supporfing. members for the pairs..re--
spectively, each, additional. supporting. member:
being. electrjcally. connected. and. pexmanently:
bonded at.ome portion.to.the second lug .porticn
of, one. grid, member, of its associated. pair, and,
at.another. portion, to, the second lug portion of
a.grid member-of a next adjacent.pair, and means
cogperating with:said supporting. members and
said .additional-supporting. members . for holding
said .pairs.in said flapwise spaced and.geherally
parallelrelation.

2. The,resistor,of claim 1 characterized in that
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each of said first lug portions is substantially co-
planar with the major portion of its associated
grid member.

3. The resistor of claim 1 characterized in that
each of said grid members comprises a row of
spaced bar portions and integra]l connecting por-
tions at the ends of adjacent bar portions and
forming therewith a sinuous electrical path ex-
tending endwise of the row, and said lug portions
are the respective end ones of said bar portions.

4. The resistor of claim 1 characterized in that
all of the grid members are substantially iden-
tical.

5. The resistor of claim 1 characterized in that
each of the two grid members connected together
by an additional supporting member are also
offset edgewise from each other.

6. The resistor of claim 1 characterized in that
each of said second lug portions is offset laterally
from the plane of the major portion of its as-
sociated grid member.

7. The resistor of claim 1 characterized in that
said second lug portions of each pair of grid
members are offset laterally from, and in oppo-
site directions respectively from, the plane of
their associated pair.

8. The resistor of claim 1 characterized in that
each additional supporting member has a planar
portion and the connected portions of each of
said additional supporting members are offsel
laterally of the planes of the pairs in opposite
directions, respectively, from its planar portion.

9. The resistor of claim 1 characterized in that
said supporting members and additional support-
ing members have mounting holes, respectively,
and said last mentioned means comprises a pair
of bolts passing through the mounting holes in
said supporting members and in said additional
supporting members, respectively.

10. The resistor of claim 1 characterized in that
at least some of said supporting members, and at
least some of said additional supporting members,
have extending portions, respectively, and each
of said extending portions is arranged for con-
nection with a wire,

11. The resistor of claim 10 characterized in
that the extending portions of adjacent ones of
the supporting members extend laterally of the
blanes of the members, each in the same direc-
tion from its associated member at least close
to the plane of the next adjacent member, and
said extending portions on said adjacent ones
of said supporting members are spaced from each
other in the general direction of the edgewise
spacing of the grids of each pair.

12. An electrie resistor comprising a plurality
of generally planar U-shaped metallic resist-
ance elements each having a rigid base portion
and a pair of arm portions extending therefrom
and fixedly held in generally endwise spaced rela-
tion to each other thereby, each of said elements
having a first mounting means at its base por-
tion and a second mounting means electrically
connected to, and permanently bonded to, the
free end portion of one of said arm portions,
said second mounting means being offset from the
plane of the remainder of said element and lying
in a plane spaced from and generally parallel to
the plane of said element, and supporting means
for said resistance elements cooperating with said
first and second mounting means, respectively,
of each element, and thereby supporting said
elements in substantially parallel and fatwise

Tt

10

40

50

60

65

70

14

spaced relationship with respect to each other
with each of said second mounting means extend-~
ing toward, and being in electric contact with,
and permanently bonded to, the free end por-
tion of an arm portion of an adjacent element,

13. The resistor of claim 12 characterized in
that one of said arm portions comprises a metal
strip forming a circuitous current path includ-
ing a succession of parallel legged loops alter-
nately extending in opposite directions from the
longitudinal axis of their associated arm portion
and including an elongated portion at the free
end of the strip and extending toward but not
intersecting the longitudinal axis of the resist-
ance element as a whole, and said second mount-
ing means are electrically connected to, and per-
manently bonded to, said strip portions, respec-
tively.

14. The resistor of claim 12 characterized in
that each of said arm portions of each element
is a separate strip of electric resistance material
and each base portion of each element is a sepa~
rate electric conductive member electrically con-
nected to, and permanently bonded to, the strips
of the element of which it forms g part, and,
constitutes said first mounting means,

15. The resistor of claim 14 characterized in
that each of said conductive members is spot
welded to the strip of the element of which it
forms a part.

18. The resistor of claim 12 characterized in
that both of said free end portions of each of
the U-shaped resistance elements are offset in
opposite directions, respectively, from the plane
of the remainder of their associated element.

17. An electric resistance element sdapted to
be assembled in a resistance unit which includes
a plurality of said resistance elements arranged
in flatwise and generally parallel spaced rela-
tionship, said element comprising a pair of metal
supporting members permanently bonded to, and
supported in fixed position by, and electrically
connected by, a generally planar intermediate
metallic resistive portion, one of said supporting
members lying substantially in the plane of said
resistive portion and the other of said supporting
members being offset from the general plane of
said resistive portion and lying in a plane which
is generally parallel to the general plane of said
resistive portion, a second substantially planar
resistive portion permanently bonded to, and sup-
ported in fixed position by, and electrically con-
nected to, said one of said supporting members
and disposed in edgewise spaced and generally
parallel relation to said first resistive portion
and generally coplanar therewith.

ALVIN C. DYER.
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