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BOARD SEAL BACKGROUND OF THE I NVENTION Fiel d of the Invention This
invention relates to electrical devices which are protected from anbi ent
conditions by sealing themin an air and water tight housing through which
electrical leads for the device nust extend. It has particular application
to protective relays for 5 network protectors and uses a printed
circuit board, through which the external electrical connections to the
. device are made, as a cover for the housing. Background Information In many

installations, it is necessary to protect an electrical device from
envi ronnental conditions while providing the device wth external

connecki.ons to other 10 apparatus. One such installation is the relay
for a network protector. The network
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ELECTRICAL DEVICE SUCH AS A NETWORK PROTECTOR RELAY WITH
PRINTED CIRCUIT BOARD SEAL

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to electrical devices which are protected from ambient
conditions by sealing them in an air and water tight housing through which electrical
leads for the device must extend. It has particular application to protective relays for

5 network protectors and uses a printed circuit board, through which the external electrical
connections to the device are made, as a cover for the housing.
Background Information |

In many installations, it is necessary to protect an electrical device from

environmental conditions while providing the device with external connections to other
10 apparatus. One such installation is the relay for a network protector. The network

protector is apparatus used to control the flow of electrical power to a distribution

petwork such as a section of a city, a large building, or an industrial site. Such a

network is fed at multiple points through transformers. The network protector includes

a circuit breaker and a relay which opens the circuit to the transformer upon detection
15 of abnormal current flow.

Typically, the transformer is _mounted in a vault, frequently underground. As the
vault can contain water and the transformer can ovei" heat and even catch on fire, the
circuit breaker and its protective relay are mounted in a sealed tank. However, to further
protect the relay, it is mounted inside a sealed housing within the tank. The protective

20 relay requires mumerous electrical connections such as to current transformers which



protedtor is apparatus used to control the flow of electrical power to a
di stribution network such as a section of a city, a large building, or an
i ndustrial site. Such a network is fed at nultiple points through
transforners. The network protector includes a circuit breaker and a rel ay
whi ch opens the circuit to the transfornmer upon detection 15 of
abnormal current flow Typically, the transformer is nounted in a vault,
frequently underground. As the vault can contain water and the transfornmer
can over heat and even catch on fire, the circuit breaker and its
protective relay are nmounted in a seal ed tank. However, to further protect
the relay, it is nounted inside a sealed housing within the tank. The
protective 20 rel ay requires nunerous electrical connections such as to
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sense the network currents and to the circuit breaker. Feed throughs in which the
insulated wires from the relay are clamped by a rubber gasket at the penetration through
the housing have not proved satisfactory, even if the gasket is sealed tightly around the
leads, as air and moisture can leak between the conductor and the insulation and along
5 the individual strands of stranded leads. Now, the practice is to use feed throughs in
which glass plugs fuse short sections of wire in apertures in a metal plate. The relay
wires are soldered to loops on the inner ends of the feed throughs, while corresponding
external leads are soldered to loops on the outer ends. Such feed throughs are expensive.
There is a need therefore for improved arrangements for making electrical
10 connections to electrical devices enclosed in a housing, and in particular to network
protector relays.
There is a need for providing such improved arrangements which are economical
and practical to implement.
There is a further need for such arrangements which are air tight and water tight.
15 Y OF VENTI
These needs and others are satisfied by the invention which is directed to
apparatus for protecting electrical devices from ambient conditions while providing
electrical connections to the device. The apparatus includes a housing having an opening
and in which the electrical device is mounted. A printed circuit board comprising an
20 insulating substrate and electrical connections for connecting device leads to
corresponding ones of external leads. The electrical connections include plated through
apertures extending through the substrate in which the device leads are inserted from
inside the housing and the external leads are inserted from outside the housing. The

leads are secured in the plated through apertures by solder. The apparatus further
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includes means securing the printed circuit board over the opening in the housing to form
an air tight and water tight seal.
Preferably, the apertures in the substrate include first apertures in which the
device leads are secured by solder and second apertures in which the external leads are
5 secured by solder. Conductive traces on the substrate electrically cbnnect the first and
second apertures for corresponding device leads and external leads.
Preferably, the printed circuit board has an electrically insulative material applied
over at least the solder connections on the external side of the printed circuit board.
Most preferably, the insulative material is a potting material which is contained within
10 potting dams surrounding the portions of the printed circuit board which are to be potted.
As another aspect of the invention, components can be mounted on either side of
the printed circuit board. In addition, components such as connectors for the external
wiring and indicators such as, for instance, light emitting diodes (LEDs) can be
supported in the potting dam.

15 The invention has particular application to network protector relays. The
components mounted on the printed circuit board forming the seal for the housing can
include, for instance, auxiliary current transformers, and burden resistors which convert
the sensed currents into voltages for input to the relay. These components can be on
eitber side of the printed circuit board, but preferably the burden resistors are on the

20 inside and the auxiliary current transformers are on the outside.

ION TH W
A full understanding of the invention can be gained from the following
description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:

THIS SHEET HAS BEEN
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There:is a need for providing such inproved arrangenents which are
econom cal and practical to inplenent. There is a further need for such
arrangenents which are air tight and water tight. 20 SUMARY OF THE

| NVENTI ON These needs and others are satisfied by the invention which is
directed to an apparatus for protecting electrical devices from anbient
condi ti ons having device | eads 25 connnecting to external |eads. The
apparatus includes a housing having an opening and in which the electrical
device is nounted and a printed circuit board having a substrate and

el ectrical connections for connecting device |eads to correspondi ng ones of
external |eads. The 30 el ectrical connections include apertures extending
t hrough the substrate in which the device |leads are inserted frominside

t he housing and the external |eads are inserted from :
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Figure 1 is a schematic view of a network transformer having a network protector
including a network protector relay incorporating the invention.

Figure 2 is a longitudinal section through a network protector relay and its
housing in accordance with the invention.

5 . Figure 3 is an isometric view of a printed circuit board which forms part of the
relay enclosure shown with parts cut away.

Figures 4A-4C are fragmentary cross sectional views through portions of the
print circuit board showing lead connections in accordance with three embodiments of
the invention.

10 Figures 5A-5C are plan views of the connections of Figures 4A-4C.
CRIPTION OF THE PREFE E IMEN
The invention will be described as applied to the protection of a network
protector relay to which it has particular application. It will be realized, however, that
the invention has further application to the protection of other types of electrical devices
15 from ambient conditions while providing connections between the device and external
wiring which are both air tight and water tight. '

Figure 1 illustrates a network protector 1 used in conjunction with a transformer
3 feeding a network 5, which for instance could service a section of a city, a large
building, an industrial site or other local electrical distribution systems. The network 5

20 is fed by a number of other transformers (not shown) similar to the transformer 3.
Often, the transformer 3 with its network protector 1 is installed in an underground vault
7 in which water can accumulate. Thus, the network protector 1 is housed in a water
and air tight tank 9.



out side the housing. The device | eads and external |eads are secured by

sol der. -3- The apparatus further includes neans securing the printed
circuit over the opening to forman air-tight and water-tight seal for the
housi ng and which includes a sealing 5 gasket and fasteni ng neans

cl anpi ng the sealing gasket between the printed circuit board and the
housi ng around t he opening. Preferably, conductive traces on the substrate
el ectrically connect the first and second apertures for correspondi ng
device | eads and external |eads. 10 Preferably, the printed circuit board
has an electrically insulative material applied

-5-

The network protector 1 includes a circuit breaker 11 and a relay unit 13. A
major function of the relay unit 13 is to detect abnormal current flow through the
transformer which could include flow of current out of the network 5 through the
transformer 3 in the event of certain fault conditions.

5 The relay unit 13 includes a protective relay 15 and an enclosure 17 for the relay
as seen in Figure 2. The enclosure 17 includes a housing 19 having an opening 21 at one
end, which, as will be seen, is closed by a closure in the form of a printed circuit board
(PCB) 23.

The protective relay 15 in the preferred embodiment, is a digital relay which, for

10 example, includes a power PCB 25 and a processor PCB 27 which are supported in
spaced relation at one end by a mounting spacer 29 secured to the PCB 23 which serves
as a mother board, and at the other end by a notched locator bracket 31 secured to the
housing 19. Electrical connections between the power PCB 25 and the processor PCB
27 are made by inter-board connectors 33. A spacer 35 maintains a fixed spacing

15 between the boards at the ends supported by the PCB locator 31.

The printed circuit board 23 serves as a cover for the opening 21 in the housing.
The board 23 is secured over the opening 21 by screws 37 extending through the PCB
23 and sealed with O rings 39. The screws 37 thread into mounting bosses 41 brazed
to the inside of the housing 19. A gasket 43 is clamped between the printed circuit board

20 23 and the housing 19 to provide a water and air tight seal.

The printed circuit board 23 also provides connections 45 between relay leads 47
and external leads 49.

As seen more clearly in Figures 3 and 4A-C and 5A-C, the electrical connections
45 include plated through apertures 51 in the printed circuit board 23. In the preferred



over at |east the solder connections on the external side of the printed
circuit board. Most preferably, the insulative material is a potting
material which is contained within potting danms surroundi ng the portions of
the printed circuit board which are to be potted. 15 As anot her
aspect of the invention, conponents can be nounted on either side of the
printed circuit board. In addition, conponents such as connectors for the
external wiring and indicators such as, for instance, light emtting di odes
(LEDs) can be supported in the potting dam The invention has particul ar
application to network protector relays. The conponents nounted on the
printed circuit board form ng the seal for the housing can include, for

i nstance, auxiliary current transfornmers, and burden resistors which
convert 20 the sensed currents into voltages for input to the rel ay.
These conponents can be on either side of the printed circuit board, but
preferably the burden resistors are on the inside and the auxiliary current
transforners are on the outside.
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form of the invention, stripped ends 47w of the relay leads 47 are inserted into first
apertures 51a from the inner side 23a of the printed circuit board and secured in place
by solder 53. Similarly, the stripped end 49w of the corresponding external lead 49 is
inserted from the outer side 23b of the printed circuit board into a corresponding second
5 plated through aperture 57b spaced laterally from the aperture 51a and is also filled with
solder 53. The solder 53 is introduced into the apertures 51a from the outer side 23b of
the printed circuit board 23, while additional solder 53 is introduced into the apertures
51b from the inner side 23a of the printed circuit board where there is no interference
from the lead being connected. In this manner, a sound solder connection which is air
10 tight and water tight can be easily made. The corresponding solder filled apertures 51a
and 51b are electrically connected by an associated electrically conductive trace 55 on
the PCB 23. Such connected traces can be made on either or both sides of the printed
circuit board 23.
Even where the conductive traces 55 are on the inner side 23a of the printed
15 circuit board 23, there are exposed electrical connections on the outer side 23b. In order
to electrically insulate such connections, a potting material 57 can be applied to the outer
side 23b of the printed circuit board 23. Preferably, as seen in Figures 2 and 3, a potting
dam 59 surrounds the section of the printed circuit board 23 that is to be potted. For
example, an aluminum angle piece can have one flange 59f cut at the corners and bent
20 to form an enclosure. The cut flanges are secured to the printed circuit board, such as,
for example, by the mounting screws 37.
The potting dam 59 not only confines the potting material 57, but can also serve
as mounts for various types of components. For instahce, connectors such as the

communications connector 61 can be mechanically mounted in an opening 63 in the



BRI EF ' DESCRI PTI ON OF THE DRAW NGS A full understanding of the invention can

be gained fromthe foll ow ng 25 description of the preferred .
enbodi ments when read in conjunction with the acconpanying drawings in
whi ch: -4 - Figure 1 is a schematic view of a network transformer having

a network protector including a network protector relay incorporating the
i nvention. Figure 2 is a longitudinal section through a network protector
relay and its housing in accordance with the invention. 5 Fi gure
3 is an isonmetric view of a printed circuit board which fornms part of the
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upright flange 65 of the potting dam 59. External leads 49c connected to these
connectors 61 are then bent at a right angle to penetrate the PCB 23 through a connection
45 as described above. '
Another example of a component which can be supported by the potting dam 59
5 is the light emitting diode (LED) 67 which is mounted in an opening 69 in the upright
flange 65 of the potting dam 59, Again, the external leads 471 for the LED are bent at
right angles and are connected to the printed circuit board 23 by a connection 45.
Still another example of a component mounted on the printed circuit board 23
forming the closure for the housing 19 is an auxiliary current transformer (CT) 71. As
10 shown in Figure 3, such auxiliary CTs 71 come mounted on a platform 73 having four
pins 49p(1), 49p(2), and 49s(1) and 49s(2), which form electrical connections for the
primary and secondary windings of the CT as well as mechanically supporting the CT
71 on the printed circuit board 23. The pins 49p(1) and 49p(2) for the primary winding
of the CT formed by the wire 49p are inserted into third plated through apertures 51p
15 from the outer side 23b of the printed circuit board 23 as shown in Figures 4C and 5C.
As the CT primary windings 49p are connected to main CT's (not shown) external to the
enclosure 17, the corresponding leads 49q connected to the main CTs also penetrate
fourth apertures 53q from the outer side 23b of the PCB 23. The corresponding
apertures 51p and 51q are connected on the inner side 23a of the PCB 23 by the
20 associated conductive traces 55p to complete the connections 45’. Other components,
typically mounted on platforms, can be mounted to the printed circuit board 23 in a
similar manner either on the inner side 23a or the outer side 23b.
Another example of a component which can be mounted on the PCB 23 is a

burden resistor 75 for converting the currents sensed by the CTs into voltages for input



relay.encl osure showmn with parts cut away. Figures 4A-4C are fragnmentary
cross sectional views through portions of the print circuit board show ng
| ead connections in accordance with three enbodi nents of the invention. 10
Fi gures 5A-5C are plan views of the connections of Figures 4A4C.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The invention will be described as
applied to the protection of a network protector relay to which it has
particular application. It will be realized, however, that the invention
has further application to the protection of other types of electrical

devi ces 15 from anbi ent conditions while providing connections between
the device and external wiring which are both air tight and water tight.
Figure 1 illustrates a network protector 1 used in conjunction with a
transforner 3 feeding a network 5, which for instance could service a
section of a city, a large
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to the relay. In this case, each connection 45" for the ends of the burden resistor 75
include, as shown in Figures 4B and 5B, three apertures: a first aperture 51a in which
the lead to the relay is soldered, a second aperture 51b to which a pin 49s(1) for the
secondary coil of the CT 71 is soldered and an additional aperture 51r in which one lead
5 77 from the burden resistor 75 is soldered by solder 53. These three apertures are then
connected by an associated common conductive trace 55s. A similar connection is made
to the other end of the burden resistor, CT secondary winding and relay lead so that the

burden resistor 75 is connected across the secondary winding of the auxiliary CT 71.
While specific embodiments of the invention have been described in detail, it will
10 be appreciated by those skilled in the art that various modifications and alternatives to
those details could be developed in light of the overall teachings of the disclosure.
Accordingly, the particular arrangements disclosed are meant to be illustrative only and
not limiting as to the scope of invention which is to be given the full breadth of the

claims appended and any and all equivalents thereof.



building, an industrial site or other |ocal electrical distribution
systens. The network 5 20 Is fed by a nunber of other transforners (not
shown) simlar to the transforner 3. Oten, the transforner 3 with its
network protector 1 is installed in an underground vault 7 in which water
can accunul ate. Thus, the network protector 1 is housed in a water and air
tight tank 9. -5- The network protector 1 includes a circuit breaker 11
and a relay unit 13. A nmgjor function of the relay unit 13 is to detect
abnormal current flow through the transformer which could include flow of
current out of the network 5 through the transformer 3 in the event of
certain fault conditions.

This Sheet Has Been Replaced
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What is Claimed is:

1. A network protector unit (1) comprising:

a housing (19) having an opening (21);
a relay (15) mounted inside said housing (19) and having relay
5 leads (47) extending therefrom;
external leads (49) outside said housing (19);
- a printed circuit board (23) having air tight and water tight
electrical connections (45) connecting said relay leads (47) to said external leads (49);
and
10 means (37-43) securing said printed circuit board (23) across said
opening (21) to form an air tight and water tight seal for said housing (19).

2. The network protector relay unit (1) of Claim 1 wherein said
means (37-43) securing said printed circuit board (23) across said opening (19) includes
a sealing gasket (43) and fastening means (37) clamping said sealing gasket (43) between

15 said printed circuit board (23) and said housing (19) around said opening (21).

3. ° The network protector relay unit (1) of Claim 1 wherein said
printed circuit board (23) comprises an insulative substrate (55), and said air tight and
water tight electrical connections (45) comprise conductive traces (55) on said substrate
(23) for corresponding ones of said relay leads (47) and said external leads (49), first

20 solder conmections (53) between each of said relay leads (47) and an associated
conductive trace (55), and second solder connections (53) between each of said external
leads (49) and a conductive trace (55) associated with a corresponding relay lead (47).

4, The network protector relay unit (1) of Claim 3 wherein said first

solder connections (53) comprise first apertures (51a) extending through said substrate
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5. : The relay unit 13 includes a protective relay 15 and an
enclosure 17 for the relay as seen in Figure 2. The enclosure 17 includes a
housi ng 19 having an opening 21 at one end, which, as will be seen, is
closed by a closure in the formof a printed circuit board (PCB) 23. The
protective relay 15 in the preferred enbodinent, is a digital relay which,
for 10 exanpl e, includes a power PCB 25 and a processor PCB 27 which
are supported in spaced relation at one end by a nounting spacer 29 secured
to the PCB 23 which serves as a nother board, and at the other end by a

not ched | ocator bracket 31 secured to the houﬁmﬁgmﬁﬁﬁmﬁkﬁﬂﬁmmma

connections between the power PCB 25 and the prHERg I T

i nter-board connectors 33. A spacer 35 mai nt ai njg ;
bet ween the boards at the ends supported by the PCE r~381. The printed
circuit board 23 serves as a cover for the opening 21 in the housing. The

board 23 is secured over the opening 21 by screws 37 extending through the
PCB
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(23) in which said relay leads (47) are inserted and which are filled with solder (53), and
said second solder connections (53) comprise second apertures (51b) extending through
said substrate (23) ih which said external leads (49) are inserted and which are filled with
solder (53), said associated conductive traces (55) extending between said first and
5 second apertures (51a, 51b) and in electrical contact with said solder (53).
5. The network protector relay unit (1) of Claim 4 wherein said first
and second apertures (51a, 51b} are plated through apertures.
6. The network protector relay unit (1) of Claim 1 wherein said
printed circuit board (23) comprises an insulative substrate, and said air tight and water
10 tight electrical connections (45) comprise plated through apertures (51) extending
through said substrate (23) and in which said relay leads (47) are inserted from inside
said housing (19) and said external leads (49) are inserted from said outside said housing
(19) and in which said relay leads (47) and external leads (49) are secured by solder (53).
7. The network protector relay unit (1) of Claim 6 wherein said
15 apertures (51) include the first apertures (51a) in which said relay leads (47) are inserted
from inside said housing (19) and secured with solder (53) and second plated through
apertures (51b) in which said external leads (49) are inserted from outside said housing
(19) and secured with solder (53), and wherein said air tight and water tight connections
(45) further include associated conductive traces (55) on said substrate (23) electrically
20 connecting corresponding ones of said first and second plated through apertures (S1a,
51b).
8. The network protector relay unit (1) of Claim 7 wherein said
printed circuit board (23) has components (75) mounted thereon by leads (77) inserted
in additional plated through apertures (51f) and secured therein by solder (53), said

Fﬂm’&» B,H/\




23 and sealed with Orings 39. The screws 37 thread into nounting bosses 41
brazed to the inside of the housing 19. A gasket 43 is clanped between the
printed circuit board 20 23 and the housing 19 to provide a water and
air tight seal. The printed circuit board 23 al so provides connections 45
between relay | eads 47 and external |eads 49. As seen nore clearly in
Figures 3 and 4A-C and 5A-C, the electrical connections 45 include plated

t hrough apertures 51 in the printed circuit board 23. In the preferred -
6- formof the invention, stripped ends 47w of the relay |eads 47 are
inserted into first apertures 5la fromthe inner side 23a of the printed
circuit board and e€1Hab BecpRaplneed

MY
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additional plated through apertures (51t) being electrically connected by a conductive
trace (33s) with selected ones of said first and second apertures (51a, 51b).
9. The network protector relay unit (1) of Claim 7 wherein said
printed circuit board (23) has potting material (57) applied over at least some connections
5 (45) on an outer side (23b) of said substrate external to said housing (19).
10.  The network protector relay unit (1) of Claim 9 wherein said
printed circuit board (23) has a potting dam (59) confining said potting material (57)
applied to said external side (23b) of said substrate.
11.  The network protector relay unit (1) of Claim 10 including
10 components (61, 67) supported in said potting dam (59), connected to said external leads
{49c¢, 491) and wherein said potting material (57) electrically insulates said external leads .
connected to said components (61, 67).
12.  The network protector relay unit (1) of Claim 7 wherein said
printed circuit board (23) has components (71) mounted on a first side (23b) thereof and
15 wherein said air tight and water tight connections (45') include third plated through
apertures (51p) extending through said substrate (23j in which component leads (49p(1))
are inserted from said first side (23b) of said printed circuit board (23) and secured with
solder (53), fourth plated through apertures (51q) extending through said substrate (23)
in which leads (49q) are inserted also from said first side (23b) of said printed circuit
20 board (23) and secured with solder (53), and additional associated conductive traces
(55p) on said substrate (23) electrically connecting corresponding ones of said third and
fourth plated through apertures (51p, 51q).

T



by solder 53. Simlarly, the stripped end 49w of the correspondi ng external
lead 49 is inserted fromthe outer side 23b of the printed circuit board
into a correspondi ng second 5 pl ated t hrough aperture 57b spaced

| aterally fromthe aperture 5la and is also filled with solder 53. The
solder 53 is introduced into the apertures 5la fromthe outer side 23b of
the printed circuit board 23, while additional solder 53 is introduced into
the apertures 51b fromthe inner side 23a of the printed circuit board
where there is no.interference fromthe | ead being connected. In this
manner, a sound sol der connection which is air 10 tight and water tight
can be easily nmade. The correspondi ng solder filled apertures 5la and 51b
are electrically connected by an associated el ectrically conductive trace
55 on the PCB 23. Such connected traces can be nmade on either or both sides
of the printed circuit board 23. Even where the conductive traces 55 are on
the inner side 23a of the printed 15 circuit board 23, there are
exposed el ectrical connections on the outer side 23b. In order
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13.  Apparatus for protecting from ambient conditions an electrical
device having device leads (47) for connection to external leads (49), said apparatus
comprising:

a housing (19) having an opening (21) and in which said electrical

5 device (15) is mounted;

a printed circuit board (23) having a substrate and electrical
connections (45) for connecting said device leads (47) to corresponding ones of said
external leads (49), said electrical connections (45) including apertures (51) extending
through said substrate in which said device leads (47) are inserted from inside said

10 housing (19) and said external leads (49) are inserted from outside said housing (19) and
in which said device leads (47) and external leads (49) are secured by solder (53); and
means (37-43) securing said printed circuit board (23) over said
opening (19) to form an air tight and water tight seal for said housing (19).
14.  The apparatus of Claim 13 wherein said apertures (51) in said
15 substrate comprise first plated through apertures (51a) in which the device leads (47) are
secured by said solder (53) and second plated through apertures (51b) in which said
external leads (49) are secured by said solder (53), and conductive traces (55) on said
substrate electrically connecting said first apertures (51a) with said second apertures
(51b) for corresponding device leads and external leads.
20 15.  The apparatus of claim 13 wherein said printed circuit board (23)
further has electrically insulative material (57) applied over said solder (53) on an
external side (23b) of said printed circuit board (23).

L



to electrically insulate such connections, a potting material 57 can be
applied to the outer side 23b of the printed circuit board 23. Preferably,
as seen in Figures 2 and 3, a potting dam 59 surrounds the section of the
printed circuit board 23 that is to be potted. For exanple, an al um num
angl e pi ece can have one flange 59f cut at the corners and bent 20 to
forman encl osure. The cut flanges are secured to the printed circuit
board, such as, for exanple, by the nounting screws 37. The potting dam 59
not only confines the potting material 57, but can al so serve as nounts for
various types of conponents. For instance, connectors such as the
conmuni cati ons connector 61 can be nechanically nmounted in an opening 63 in
t he -7 -
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16.  The apparatus of Claim 14 including dam means (59) confining
said electrically insulative material (57) on said external side (23b) of said printed circuit
board (23).
17. The apparatus of claim 15 including components (61, 67)
5 supported by said dam means (59) and connecied to said external leads (49) which are
electrically insulated by said electrically insulative material (57).

e



upright flange 65 of the potting dam59. External |eads 49c connected to

t hese connectors 61 are then bent at a right angle to penetrate the PCB 23
t hrough a connection 45 as descri bed above. Anot her exanple of a conponent
whi ch can be supported by the potting dam59 5 is the light emtting
di ode (LED) 67 which is nmounted in an opening 69 in the upright flange 65
of the potting dam 59. Again, the external |eads 471 for the LED are bent
at right angles and are connected to the printed circuit board 23 by a

connection 45. Still another exanple of a conponent nounted on the printed
circuit board 23 formng the closure for the housing 19 is an auxiliary
current transfornmer (CT) 71. As 10 shown in Figure 3, such auxiliary

CTs 71 cone nmounted on a platform 73 having four pins 49p(1), 49p(2), and
49s(1) and 49s(2), which formelectrical connections for the primry and
secondary wi ndings of the CT as well as¥echanically supporting the CT 71
on the printed circuit board 23. The pins 49p(1) and 49p(2) for the primary

W nding ELECTRICAL DEVICE SUCH AS A NETWORK PROTECTOR RELAY WITH
PRINTED CIRCUIT BOARD SEAL

ABSTRACT OF THE DISCLOSURE
An electrical device such as a network protector relay (1) is protected
from ambient conditions by a housing (19) having a printed circuit board (PCB) (23) |
providing a seal for the housing (19) and air and water tight connections (45) between
5 relay leads (47.) and external leads (49). The relay leads (47) are soldered in first plated
through apertures (51b) in the PCB substrate (23) while the external leads (49) are
soldered in second plated through apertures (51b) connected to corresponding first
apertures {51a) by conductive traces (55) on the substrate (23)." Potting material (57)
confined by a potting dam (59) electrically insulates the solder connections on the
10 external side (23b) of the PCB. Components (71, 75) can be mounted on either side
(23a, 23b) of the substrate (23) by soldering the component pins or leads (77) in
additional plated through apertures (51r) electrically connected to relay (47) and/or
external leads (49) by the conductive traces (55s). Components such as connectors (61)
or indicators (67), including, for example, light emitting diodes, can be supported in the
15 potting dam (59) and connected to appropriate ones of the external leads (49c¢,]) insulated
by the potting material (57). |
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of the CT forned by the wire 49p are inserted into third plated through
apertures 51p 15 fromthe outer side 23b of the p(inted circuit board
23 as shown in Figures 4C and 5C. As the CT primary w ndings 49p are
connected to main CTs (not shown) external to the enclosure 17, the
correspondi ng | eads 49g connected to the main CTs al so penetrate fourth
apertures 53g fromthe outer side 233ngf the PCB 23. The correspondi ng
apertures 51p and 51g are connected f%e i nner side 23a of the PCB 23 by
t he 20 associ at ed conductive traces 55p to conplete the connections
45' . Ot her conponents, typically nmounted on platforns, can be nounted to
the printed circuit board 23 in a simlar manner either on the inner side
23a or the outer side 23b. Another exanple of a component which can be
mounted on the PCB 23 is a burden resistor 75 for converting the currents
sensed by the CTs into voltages for input

LOW-VOLTAGE
SECONDARY
NETWORK




-8 - .o the relay. In this case, each connection 45" for the ends of the
burden resistor 75 include, as shown in Figures 4B and 5B, three apertures:
a first aperture 51a in which the lead to the relay is soldered, a second
aperture 51b to which a pin 49s(1) for the secondary coil of the CTI 71 is
sol dered and an additional aperture 51r in which one lead 5 77 from
the burden resistor 75 is soldered b o) der 53. These three apertures are
t hen connected by an associ at ed connéh7 nductive trace 55s. A simlar
connection is nade to the other end of the burden resistor, CT secondary

wi nding and relay |lead so that the burden resistor 75 is connected across
the secondary winding of the auxiliary CT 7%. Wi | e specific enbodi nents of
the invention have been described in detail,1it will 10 be appreci at ed
by those skilled in the art that various nodh fi cati ons and alternatives to

those details could be ?7¢3P6ﬁéd;FﬁJFFQHHH$‘4%ﬁ§4ﬁﬂ%€f¥2§§achings of the
di scl osure.
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Accordingly, the particular arrangenents disclosed are neant to be
illustrative only and not limting as to the scope of ‘invention which is to
be given the full breadth of the clains appended and any and al

equi val ents t hereof. -9- CLAIMS 1. Appar atus protecting from amnbi ent
conditions an el ectrical device having device | eads connecting to external

| eads, said apparatus conprising:. a @gz@%ng havi ng an opening and in which
said electrical device is nmounted; a inted circuit board having a
substrate and el ectrical connections for connecting said device leads to
correspondi ng ones of said external |eads, said




el ectrical connections including apertures extending through said substrate
I n which said device |eads are inserted frominside said housing and said
external |eads are inserted fromoutside said housing and in which said
device | eads and said external |eads are secured by sol der; means securing
said printed circuit board over said opening to forman air-tight and

water-tight seal for said housing an ch includes a seal i ngzgasket and
fast eni ng neans cl arrp|5"b sal d3seal i ng gasket between said pri fsed circuit
board and said sai d openi ng. ac to
claim1, wijgres t ﬁcbes on said SJbstrate el eggyically connect
sai d first ' ﬁfond apertures for respectlve evi ce
and externa : mggk pr ot ect of r it a hougi ng
having an o &S
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a relay nounted inside said housing and having relay | eads extending
therefrom a printed circuit board having air-tight and water-tight
el‘ectri.cal connections connecting said relay |eads to external |eads
out si de sai d housi ng; said connections consisting fir d-secangd

pl at ed-t hrough apertures extendi ng through an insul atIVEEmWS‘%E‘E Ti d
-Si—apertures f

circuit board, said relay |l eads being inserted in saig
i nside said hou5|ng and said external |eads inserted iin a‘g é ﬁ gé&
apertures from outside said housing where said respecti e a dvd

by sol der; means securing said printed circuit board ¢v
forman air-tight and water-tight seal for said housipg and which inclu

c

(L.J(D

a sealing gasket and fastening nmeans cl anping said se
said printed circuit board and said ho%ﬂ ng around sai d openi ng;

ELECTRICAL DEVICE SUCH AS A NETWORK PROTECTOR RELAY WITH
PRINTED CIRCUIT BOARD SEAL

ABSTRACT OF THE DISCL.OSURE

An electrical device such as a network protector relay (1) is protected
from ambient conditions by a housing (19) having a printed circuit board (PCB) (23)
providing a sgal for the housing (19) and air and water tight connections (45) between
5 relay leads (47) and external leads (49). The relay leads (47) are soldered in first plated
through apertures (51b) in the PCB substrate (23) while the external leads (49) are
soldered in second plated through apertures (51b) connected to corresponding first
apertures (51a) by conductive traces (55) on the substrate (23). Potting material (57)
confined by a potting dam (59) electrically insulates the solder connections on the
10 external side (23b) of the PCB. Components (71, 75) can be mounted on either side
(23a, 23b) of the substrate (23) by soldering the component pins or leads (77) in
additional plated through apertures (51r) electrically connected to relay (47) and/or
external leads (49) by the conductive traces (55s). Components such as connectors (61)
or indicators (67), including, for example, light emitting diodes, can be supported in the
15 potting dam (59) and connected to appropriate ones of the external leads (49c,1) insulated

by the potting material (57).

(Fig. 2)




- 10 * said air-tight and water-tight connections including associated
conductrve traces on said substrate electrically connecting correspondi ng
ones of said fi rsfrhlaﬁhte@bsmmlaaa‘ded t hrough apertures

circuit board havi m confining potting ' E?V r
at | east sone conn uter_gide of said subpt

sai d housi ng. 4. Apparatus tectrngfromanbrent odtros an

el ectri &ﬂﬁﬁvi ce having device | eads connecting to extern Ilj IeaHS?E?ﬁn
claimed in claiml, said apparatus being substantiall
W th particul ar reference to the acconpanyi ng draw ng

prot ect ok uniApbamtisretenting from amblent endiienssameledirieal gevie

connecting to external leads, said apparatus comprising:

a housing having an opening and in which said electrical device is mounted;

a printed circuit board having a substrate and electrical connections for connecting said
device leads to corresponding ones of said external leads, said electrical connections
including apertures extending through said substrate in which said device leads are
inserted from inside said housing and said external leads are inserted from outside
said housing and in which said device leads and said external leads are secured by
solder;

means securing said printed circuit board over said opening to form an airtight and
water-tight seal for said housing and which includes a sealing gasket and fastening
means clamping said sealing gasket between said printed circuit board and said
housing around said opening.

2. Apparatus according to claim 1, wherein the printed circuit board has appfied on its
external side electrically insulative material over the solder.

3. Apparatus according to claim 2, wherein dam means which confines the electrically
insulative material on the external side of the printed circuit supports components
connected to the external leads which are electrically insulated by said electrically
insutative material.

4. Anetwork protector unit comprising: l l!l’"cl mlu I 'JI "Ils' " l!ll

a housing having an opening;

a relay mounted inside said housing and having relay leads extending therefrom;
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hereinh with partiecular reference to the acconpanyi ng draw
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REPLACEMENT SHEET - 11- conductive traces on said substrat
connecting said fi ri&Sheetd Eﬂ’eekc d‘dh sal d second apert ured
respecti ve device anq

[ [ ;’ : Appar at us accg
wherein the printed |¢if has on 180 external side
electrically insulative r pplied over the sol der,

mat eri al bei ng confi ned on sai d external side by dam neang.
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Appar at us

sal d appar at us

bei ng said relay leads to external leads outside said housing; said connechons comprising

first and second plated-through apertures extending through an insulative substrate of

said circuit board, said relay leads being inserted in said first apertures from inside said

housing and said external leads inserted in said second apertures from outside said

housing where said respective leads are secured by solder;

said air-tight and water-tight connections including associated conductive traces on

sald substrate electrically connecting corresponding ones of said first and second

plated-through apertures;

said printed circuit board having a potting dam confining potting material applied over

at least some connections on an outer side of said substrate external to said housing.

5. A unit according to claim 4, wherein components are supported in the potting dam and
are connected to the external leads which are electrically insulated by the potting
material.

6. Apparatus protecting from ambient conditions an electrical device having device leads

connecting to external leads, said apparatus comprising:

a housing having an opening and in which said electrical device is mounted,;

a printed circuit board having a substrate and electrical connections connecting said

device leads to corresponding ones of said external leads, said electrical connections

including first and second plated-through apertures extending through said substrate,

said device leads being inserted in said first apertures from inside said housing and

said external leads being inserted in said second apertures from outside said housing

where said respective device and external leads are secured by solder;

means securing said printed circuit board over said opening to form an air-tight and

water-tight seal for said housing;

H!I’iljumjmll “'lsl II |!|| AMENDED SHEET THIS SHEET HAS BEEN
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substantial | y as described herein with particular reference to the

acconpanyi ng draw ngs. 9. Network protector units asgedai-Fed—tn—ctarnry
and rsnl:jbs%/amg:gi ally as described herein with particul ar rbfREPRAGEMENT (SHEET
acconpanyi ng drawi ngs. AMENDED SHEET - 12 - 13. App@r-at-us-for
protecting from anmbi ent conditions an _glkectrical device h}?/i’n deyisesg | paps
(47) for connection to external |eads (49), said apparatus cofiprising. g
housi ng (19) having an opening (21) and in which said elfec¢trrcat

conductive traces on said substrate electrically connecting said
second apertures for said respective device and external leads.

t apertures with said ____§

7. Apparatus according to claim 6, wherein the printed circuit board has on an external

side thereof electrically insulative material applied over the solder, said insulative

material being confined on said external side by dam means.

8. Apparatus protecting from ambient conditions an electrical device having device leads

connecting to external leads and as claimed in claim 1 or 6,

said apparatus being

substantially as described herein with particular reference to the accompanying

drawings.

9. Network protector units as claimed in claim 4 and substantially as described herein

with particular reference to the accompanying drawings.
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5 device (15) is nmounted; a printed circuit board (23) [trav
substrate and el ectrical connections (45) for connecting sa dﬁﬁEﬂCﬁﬁEm]
(47) to correspondi ng ones of said external |eads (49), saip
connections (45) including apertures (51) extending throug
In which said device |leads (47) are inserted frominside s
housing (19) and said external |eads (49) are inserted fro
housing (19) and in which said device | eads (47) and exter
are secured by solder (53); and nmeans (37543) securing said prit _
board (23) over said opening (19) to forman air tight and water tlght seal

apertur es ( SHTSPANEewah curehiCRBERFSE Uil piskbe] Feed STERUE oy e
apertures (Shs)laied witsisdtom the relay iateclhmpeld by 4 Fubber gasket at the depetsation tblltmbgler ;
(49) are %octp Rno S ReRled Palslaticy Svad e et ¥ sl vl) HlRu g™
“feads, as air and moisture can leak between the conductor and the insulation and along
‘fhe Hillividual strands of stranded leads. Now, the practice is to use feed throughs in
Whick%k
“are Sidered to loops on the inner ends of the feed throughs, while corresponding external

10  leads are soldered to loops on the outer ends. Such feed throughs are expensive.

55 plugs fuse short sections of wire in apertures in a metal plate. The relay wires

There is a need therefore for improved arrangements for making electrical
connéétions to electrical devices enclosed in a housing, and in particular to network

protéctor refays.
15
There is a need for providing such improved arrangements which are economical
and practical to implement.
There is a further need for such arrangements which are air tight and water tight.
20

SUMMARY OF THE INVENTION

These needs and others are satisfied by the invention which is directed to an
appératus for protecting electrical devices from ambient conditions having device leads
25  conrigcting to external leads.

The apparatus includes a housing having an opening and in which the electrical
devife is mounted and a printed circuit board having a substrate and electrical
confiéctions for connecting device leads to corresponding ones of external leads. The

30 eleclfical connections include apertures extending through the substrate in which the
devite feads are inserted from inside the housing and the external leads are inserted from
outside the housing. The device leads and external leads are secured by solder.
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substrate electrically connecting said first apertures (5la) with said

second apertures (51b) for correspondi ng devi ce | eads an gﬁ%fé{%a’#hfsﬂfgd _

20 15. The apparatus of claim 13 wher

circuit board (23) further has electrically insulative nate
applied over said solder (53) on an external side (23b)
circuit board (23). - 13 - 16. The apparatus of C ain
means (59) confining said electrically igsulative nmateri a
external side (23b) of said printed circuit board (23). 1.

Fial (57
sap d dli}u {588

4 i ncluding._dar
57) on said
The. apparat.l

of claim 15 including conponents (61, 67)
The apparatus further includes means securing the printed circuit

over the opening

to forh an air-tight and water-tight seal for the housing and which includes a sealing
5 gasket and fastening means clamping the sealing gasket between the printed circuit board

“ahd thie housing around the opening.

;fin‘eferably, conductive traces on the substrate electrically connect the first and

secont] apertures for corresponding device leads and external leads.

10

15

20

25

Preferably, the printed circuit board has an electrically insulative material applied
over at least the solder connections on the external side of the printed circuit board.
Most preferably, the insulative material is a potting material which is contained within
potting dams surrounding the portions of the printed circuit board which are to be potted.

As another aspect of the invention, components can be mounted on either side of
the printed circuit board. In addition, components such as connectors for the external
wiring and indicators such as, for instance, light emitting diodes (LEDs) can be
supported in the potting dam.

The invention has particular application to network protector relays. The
components mounted on the printed circuit board forming the seal for the housing can
include, for instance, auxiliary current transformers, and burden resistor$ which convert
the sensed currents into voltages for input to the relay. These components can be on
either side of the printed circuit board, but preferably the burden resistors are on the
inside and the auxiliary current transformers are on the outside.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the invention can be gained from the following

description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:
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5 supported by said dam neans (59) and connected to said bt'”
| eads (49) which are electrically insulated by said electricafl %§
(57).

mat eri al
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1. Apparatus protecting from ambient conditions an electrical device having device
leatis connecting to external leads, said apparatus comprising:

a housing having an opening and in which said electrical device is mounted,

a printed circuit board having a substrate and electrical connections for
conhgcting said device leads to comesponding ones of said external leads, said
eletitical connections including apertures extending through said substrate in which said
device leads are inserted from inside said housing and said external leads are inserted
from outside said housing and in which said device leads and said external leads are
secui'ed by solder;

means securing said printed circuit board over said opening to form an air-tight
and water-tight seal for said housing and which includes a sealing gasket and fastening
means clamping said sealing gasket between said printed circuit board and said housing

around said opening.

2, Apparatus according to claim 1, wherein conductive fraces on said substrate
electrically connect said first apertures with said second apertures for said respective

device and external leads.

3. A network protector unit comprising:

a housing having an opening;

a relay mounted inside said housing and having relay leads extending therefrom;

a printed circuit board having air-tight and water-tight electrical connections
ooriﬁecting said relay leads to external leads outside said housing; said connections
corﬁf&risihg first and second plated-through apertures extending through an insulative
substrate of said circuit boar&, said relay leads being inserted in said first apertures from

‘insitfe said housing and said external leads inserted in said second apertures from

outside said housing where said respective leads are secured by solder;
means securing said printed circuit board over said opening to form an air-tight
and Water-tight seal for said housing and which includes a sealing gasket and fastening

means clamping said sealing gasket between said printed circuit board and said housing

\

L L m

around said opening;
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said air-tight and water-tight connections including associated conductive traces
on said substrate electrically connecting corresponding ones of said first and second
plated-through apertures,

said printed circuit board having a potting dam confining potting material applied
over at least some connections on an outer side of said substrate external to said

housing.

4. Apparatus protecting from ambient conditions an electrical device having device
leads éonnecting to external leads and as claimed in claim 1, said apparatus being
substantially as described herein with particular reference to the accompanying

drawings.

5. Network protector units as claimed in claim 3 and substantially as described

herein with particular reference to the accompanying drawings.
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