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CÜNNEQTING ELECTRICAL UNITS 

Everett F. Keim, Corning, N.Y., assigner to Corning 
Glass Works, Corning, N.Y., a corporation of New 
York 

Filed May 18, 1962, Ser. No. 195,784 
7 Claims. (Cl. '219-351) 

This invention relates to means for effecting electrical 
connections among a plurality of units whereby all units 
are supplied with electrical current from a single input 
station and wherein units may be added to 0r subtracted 
from the system easily and without disturbing other units. 
The invention has utility in systems of electrically op 

erated units wherein it is desired to provide a variable 
pattern of units or substantially to cover a specified area 
with such units. In particular, the invention may be uti 
lized, for example, in supplying electrical current to a 
plurality of heating panels or to a plurality of luminaires 
positioned along a plane surface such as a wall or a 
ceiling. 
The invention comprises, in general, a plurality of elec 

trical units, each unit having at least two electrical ter 
minals arranged along a straight line forming an angle of 
45 ° with the sides of a rectangular corner of the unit, 
the units being electrically connected by means of con 
nectors having at least four terminals complementary t0 
the terminals on the units and arranged at least two each 
along two mutually perpendicular lines. 
One embodiment of the invention is illustrated in the 

accompanying drawings, in which: 
FIG. l is a plan view of four electrical heating panels 

connected according to the invention, 
FIG. 2 is an enlarged plan view, partly cut away, of 

a connector utilized in joining the panels of FIG. l, 
FIG. 3 is a sectional view taken on line 3-3 or" 

FIG. 2, 
FIG. 4 is an enlarged plan view of a corner of a heat 

ing panel of FIG. l illustrating the construction of the 
terminals thereof, 

FIG. 5 is a sectional view taken on line 5~5 of FIG. 
4, and 

FIG. 6 is a sectional view taken on line 6-6 of FIG. 4. 
Referring to the drawings, FIG. 1 represents four iden 

tical heating panels designated respectively by the numer 
als 2t?, 21, 22, and 23. Since the panels are identical, 
their construction will be described with reference to pan 
el 23. This panel comprises glass plate 24 supported by 
metal frame Z5 and having thereon an electrically con 
ductive coating 2&6, which may be any one of numerous 
suitable compositions well known in the art, for exam 
ple tin oxide. Coating 26 has fired-on silver electrodes 
27 and 32 at its respective ends. The panel is provided 
with two sets of three terminals each, the sets compris 
ing respectively terminals 28, 29 and 30 and terminals 
34, 3S and 36. The sets are located at rectangular cor 
ners of panel 23, and the respective terminals fall along 
lines forming angles of 45° with the sides of frame 25, as 
illustrated in FIG. 4. Each of the sets comprises two 
outer current-carrying terminals and an inner ground ter 
minal. Terminals 3@ and 36 are connected, by means 
of conducting strips 3l and 3'7 respectively, to electrodes 
32 and 27 respectively. Such a connection is illustrated 
in FIG. 6. Terminals 28 and 34 are connected by means 
of insulated wires 33 and 33 to terminals 36 and 30 re 
spectively. Thus, each set of terminals of panel 23 has 
its outer, current-carrying terminals connected to oppo 
site electrodes of conductive coating 26, and hence, when 
a potential is applied across these terminals, a current 
ilows through coating 26 thereby producing heat. Each 
of the inner terminals 29 and 3S is grounded to frame 
25, by means of a conducting strip such as 39 of FIG. 
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6. Thus, when an electrical potential is imposed across 
either set of outer terminals, a potential is imposed not 
only across coating 26 but also across the other 
set of outer terminals, and when one inner terminal is 
grounded the other is also grounded, by means of the 
electrical connection through frame 25. 
The connectors of the present invention are construct 

ed to utilize these last-mentioned facts. All connectors 
are identical and are illustrated by connector 40 of FIGS. 
2 and 3. Connector 40 comprises two sets each having 
three terminals, such as 41, adapted for mating with the 
respective terminals of the panels. In the illustrated 
embodiment the connector terminals and panel terminals 
are respectively male and female elements, but it will be 
understood that any other convenient arrangement may 
be employed for effecting electrical contact. The re 
spective connector terminals of the two sets are oriented 
along two mutually perpendicular lines, as illustrated in 
FIG. 2, and are connected by electrically conducting 
strips such as 42 of FIG. 2. Thus, when two panels are 
connected by means of connector 40, electrical contact 
is effected between the inner terminals of the two panels 
and between the respective outer terminals of the panels 
by means of conducting strips 42, which are illustrated 
schematically in FIG. 1 for clarity of illustration by 
means of the broken lines connecting the respective ter 
minals. ' ~ 

Thus, when a potential is imposed across the outer ter 
minals of either set of terminals ot a given panel, a po 
tential is imposed across the outer terminals of the re 
maining set of the same panel. If this remaining set is 
then linked to one of the sets of a second panel by means 
of a connector such as 40, a potential results across the 
outer terminals of that set, which is similarly transmit 
ted to the remaining set of terminals of that panel. Thus, 
each set of outer terminals can serve both to energize 
the conductive coating and to transmit current to another 
panel. In like manner, the inner ground terminals are 
connected from one panel to another. By this process 
current entering panel 20 at the location indicated in 
FIG. 1 both energizes the coating of that panel, and is 
transmitted to panel 21 and energizes the coating thereon, 
and so on until all four of the illustrated panels become 
operative. It will be observed that there is provided a 
parallel electrical circuit among the respective panels, 
and hence, even though one or more panels become de 
fective, current will continue to ñow through the remain 
ing panels. 

It will be understood that the positions of the terminals 
within the respective sets may be altered as long as the 
electrical circuitry remains as illustrated. For example, 
the ground terminal of each set could be placed as an 
outer terminal as long as the electrical connections re 
main unchanged and as long as the arrangement is iden 
tical for each set of terminals of each panel. It will 
be further understood that the ground terminal can be 
eliminated from the system completely. 
The respective sets of panel terminals have been made 

to fall along lines forming angles of 45° with the edges 
of the respective panels in order to make possible the 
various relative orientations between the respective panels 
illustrated in FIG. l. Thus, it can' be seen that this 
configuration allows identical connectors to_ be utilized 
in connecting identical panels in end-to-end relation, as 
are panels 20 and 21, in side-to-end relation, as are 
panels 21 and 22, and in side-to-side relation, as are 
panels 22 and 23, and that the rigidity of the connectors 
assists in maintaining the relative orientations of the 
panels. The result is that numerous patterns of units 
can be constructed using only one conñguration of panel 
and one configuration of connector. Since the only 
requirement relating to terminal orientation on the panels 
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is that they fall along lines forming 45° angles with the 
sides of the panels at the respective corners, it will be 
seen that each of the illustrated sets of panel terminals 
could fall along lines perpendicular to those illustrated; 
that is, the lines, instead of forming isosceles triangles 
with the edges of the panels, may just as well bisect the 
corner angles. In such case no change would need to be 
made in the configuration of connectors 40. 
The panels of FIG. 1 have been shown each having two 

sets of terminals located at two corners. It will be 
understood that, if so desired, additional terminals may 
be provided at the remaining corners and may be con 
nected to the illustrated terminals in order to permit addi 
tional panels to be connected to the panels at these re 
maining corners. Since such additional terminals would 
be only for the transfer of current to additional panels, 
they would not have electrical connections with the elec 
trically conductive coatings on their respective panels. 
It will be seen, however, that such additional terminals, 
although Within the scope of the present invention will 
only rarely be necessary, since any number of panels of 
the type illustrated may be connected together. 
The illustrated panels are constructed in the form of 

rectangles having length-to-width ratios of 2:1 to facili 
tate arranging pluralities of panels solidly to cover rec 
tangular areas such as walls and ceilings. It will be 
understood that this shape, although advantageous, is 
not necessary, and other shapes may be employed. For 
example, the panels may be in the form of squares. 
Although the present invention has been illustrated as 

employed in connecting heating panels, it will be apparent 
that other forms of electrical units may be connected in 
the same manner. It may be found advantageous, for 
example, to utilize the invention in connecting other 
operating components, such as fluorescent lighting fix 
tures. It will be further apparent to those skilled in the 
art that variations in the construction of the panels and 
connectors may be made within the scope of the present 
invention, and accordingly, it is intended that the present 
invention be limited only by the scope of the appended 
claims. 
What is claimed is: 
l. The combination of a plurality of electrically 

operated units, each said unit having a substantially rec 
tangular base and including an operating component, 
each of said units having at each of at least two rec 
tangular corners of said base a set of at least two elec 
trical terminals, said sets of terminals being located 
respectively along lines forming angles of 45 ° with the 
sides of said rectangular base in the plane of said base, 
in at least one said unit a first terminal of a first of 
said sets being electrically connected with said operating 
component and with a first terminal of a second of 
said sets and a second terminal of said second set being 
electrically connected with said operating component 
and with a second terminal of said first set, and joining 
at least two of said units a connector comprising two 
sets each having at least two terminals electrically in 
sulated from one another, said sets of connector terminals 
being respectively arranged along two mutually perpen 
dicular lines, each of said terminals of each of said sets 
of connector terminals being electrically connected to a 
terminal of the other said set and to a terminal of one 
of said units to effect electrical connection between said 
units. 

2. The combination according to claim 1 in which each 
said base comprises a conducting metal, each of said sets 
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4 
of terminals of each said unit includes a third terminal 
electrically connected to said base, and each of said sets 
of connector terminals includes a third terminal, said 
third terminals of said connector being electrically in 
terconnected and each being electrically connected to 
one of said third terminals of said units. 

3. The combination according to claim 1 in which each 
of said rectangular bases has sides in the ratio 2:1. 

4. An electrically operated unit having a substantially 
rectangular base and including an operating component, 
said unit having at each of at least two rectangular 
corners thereof a set of at least two electrical terminals, 
said sets of terminals being located respectively along 
lines forming angles of 45° with the sides of said rec 
tangular base in the plane of said base, a first terminal 
of a first of said sets being electrically connected with 
said operating component and with a first terminal of a 
second of said sets and a second terminal of said second 
set being electrically connected with said operating com 
ponent and with a second terminal of said first set. 

5. A unit according to claim 4 in which said base com 
prises a conducting metal and each of said sets of ter 
minals includes a third terminal electrically connected to 
said base. 

6. The combination of a plurality of electrically 
operated heating panels, each comprising a generally flat 
rectangular metal frame supporting a glass plate having 
an electrically conducting coating thereon, each of said 
panels having at each of at least two rectangular corners 
thereof a set of at least two electrical terminals, said sets 
of terminals being located respectively along mutually 
perpendicular lines forming angles of 45° with the sides 
of said rectangular base in the plane of said base, in each 
said panel a first terminal of a first of said sets being 
electrically connected with said electrically conducting 
coating and with a first terminal of a second of said sets 
and a second terminal of said second set being electrically 
connected with said electrically conducting coating and 
with a second terminal of said first set, and joining at 
least two of said panels a connector comprising two sets 
each having at least two terminals electrically insulated 
from one another, said sets of connector terminals being 
respectively arranged along two mutually perpendicular 
lines, each of said terminals of each of said sets of con 
nector terminals being electrically connected to a terminal 
of the other said set and to a terminal of one of said 
panels to effect electrical connection between said panels. 

7. The combination according to claim 6 in which each 
of said sets of terminals of each said panel includes a~ 
third terminal electrically connected to said base, and 
each of said sets of connector terminals includes a third 
terminal, said third terminals of said connector being 
electrically interconnected and each being electrically con 
nected to one of said third terminals of said panels. 
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