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[57] ABSTRACT 

A solid state trip control unit for an electric circuit 
breaker is provided with ?eld adjustable tripping char 
acteristics by the utilization of individual selector 
knobs for numerous control characteristics. The unit 
includes a printed circuit board having separate circuit 
patterns on opposite sides thereof and a plurality of 
switching terminals ?xedly connected to one of the 
printed circuit patterns and adapted to be selectively 
interconnected to conductors of the other printed cir 
cuit patterns by means of individual connector switches 
controlled by the positioning selector knobs. The solid 
state circuitry includes a fail-safe interconnection be 
tween the circuit patterns on opposite sides of the 
board in the event of improper or ineffective connec' 
'tion by the movable conductor switch and permits full 
visability of the setting on the trip unit while providing 
tamper proof isolation thereof. 

10 Claims, 5 Drawing Figures 
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STATIC TRIP CONTROL UNIT FOR ELECTRIC 
CIRCUIT BREAKER 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The present invention relates generally to a static trip 
control unit for electric circuit breakers. More particu 
larly it is concerned with a new and improved solid 
state control panel construction for such units particu 
larly well suited for incremental field adjustment to 
preselected‘ trip signal control levels. 
An object of the present invention is to provide a new 

and improved static trip control unit of the type de 
scribed that utilizes printed circuitry and facilitates in 
cremental adjustment in the trip control level of a cir 
cuit breaker by means of a relatively simple movable 
switch selectively bridging conductors on opposite 
sides of a printed circuit board to selectively shunt-out 
a portion of the interconnected circuit. 
Another object of the present invention is to provide 

a static trip control unit for an electric circuit breaker 
of the type described which not only provides adjust 
able preselected trip control values, but further incor 
porates a fail-safe interconnection between the circuit 
patterns to assure operation of the static trip control 
unit in the event the selected shunting switch fails to 
shunt the circuit in the desired fashion. 
A further object of the present invention is to provide 

a new and improved electric circuit breaker having a 
static trip control unit of the type described wherein 
the switch is slidably adjustable to different switching 
stations located at remote, distinct,'linearly spaced po 
sitions yet is captively retained by the panel to prevent 
inadvertent removal therefrom. 

Still another object of the present invention is to pro 
vide a new and improved electric circuit breaker hav 
ing a'static trip control unit of the type described which 
can be selectively adjusted to preselected trip control 
levels in such a manner so as to provide full visability 
of the control setting and is adapted to be encased 
within a sealed tamper proof ‘covered housing. 
Other objects will be in-part obvious and in part 

pointed out more in detail hereinafter. 
These and related objects are accomplished in accor 

dance with the present invention by providing a new 
and improved static trip control unit for an electric cir 
cuit-breaker including a printed circuit board having 
first and second printed circuit patterns on opposite 
planar surfaces thereof and a plurality of apertures ex~ 
tending fully through the board at predetermined loca 
tions. The first printed pattern includes electrically 
conductive contact pads substantially concentric with 
the apertures and abutting the edges thereof while the 
second printed pattern includes contact pads individu 
ally enveloping a plurality of selected apertures and 
spaced from the enveloped apertures to provide insu 
lating areas concentric with and abutting the apertures. 
A plurality of switch terminals are mounted on the 
board at the apertures in electrical contact with the 
contact pads of the first pattern. The terminals extend 
through the apertures and outwardly from the surface 
of the board carrying the second printed circuit pattern 
in such a manner as to maintain the terminals separated 
from the enveloping contact pads of the second printed 
pattern by at least a portion of the concentric insulating 
area. A removable switch contact connector having a 
smooth contact wiping surface is selectively mounted 
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2 
on one of said individual terminals for each condition 
controlled by the trip control unit for causing positive 
bridging between conductors of the first and second 
circuit patternsv ‘ 

A better understanding of the invention will be ob 
tained from the following detailed description and the 
accompanying drawings which set forth an illustrative 
embodiment indicative of the way in which the princi 
ples of the invention are employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. l is a top plan view of a circuit breaker embody 

ing the features of the present invention, the cover 
thereof being partially broken away. 
FIG. 2 is a side elevational view of the circuit breaker 

of FIG. l with the side of the housing removed to ex 
pose the internal components of the circuit breaker. 
FIG. 3 is a top view of one embodiment of a printed 

circuit board used in the static trip control unit of the 
circuit breaker of FIG. ll. 

FIG. 4 is a bottom view of the printed circuit board 
of FIG. 3; and 

FIG. 5 is an enlarged sectional view taken along the 
line 5-—5 of FIG. I and illustrating the manner in which 
the adjustable switch connector is mounted on the 
printed circuit board. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring now to the drawings in greater detail 
wherein like reference numerals indicate like parts 
throughout the several ?gures, a multiphase electric 
circuit breaker is illustrated as comprised of a generally 
rectangular insulating case 10 enclosably housing a 
separable contact assembly 12 for each phase con 
trolled by the breaker and a single operating mecha 
nism 14 for simultaneously moving the contact assem 
blies in unison either manually between their open and 
closed circuit positions or automatically from the close 
circuit position illustrated in FIGS. 1 and 2 to an open 
circuit position. Additionally,each phase of the circuit 
breaker is provided with a low profile current trans 
former 16 associated with each phase conductive strap 
18. The transformers 16 are provided with suitable 
leads 20 connected through a plug 22 to a static trip . 
control unit, generally designated by the numeral 24. 
The static trip control unit or programmer 24 of the 

electric circuit breaker is a self-contained easily remov 
able modular unit adapted to provide control over vari 
ous characteristics or conditions that occur within any_ 
one of the three phases controlled by the circuit 
‘breaker. The trip control unit is adapted to receive sig 
nals from the current transformers 16 and in turn is 
electrically and operatively connected to a magnetic 
trip actuating device 26 for activating the actuating de 
vice to effect tripping of all three phases of the breaker 
upon receipt of a preselected signal from the current 
transformers. 
The modular static trip control unit M is contained 

within a suitable housing 28 removably secured to the 
insulating casing 10 of the circuit breaker by means of 
a pair of bolted brackets 32 secured to interior walls 34 
of the casing. The trip control unit housing 28 includes 
a multi-slotted control panel or face plate 36. As illus~ 
trated in FIG. 1, the multiple slots 38 in the control 
panel are in spaced parallel arrangement and are of 
generally rectangular configuration with the longitudi~ 
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nal dimension extending along the length of the 
breaker. Each slot 38 is preferably labelled as shown to 
indicate the particular characteristics being controlled 
and the multiple settings possible. ' 

In accordance with the present invention, a plurality 
of adjustable control knobs 40 extend through the con 
trol panel 36 and are arranged so that each elongated 
slot 38 of the control panel provides a raceway for a 
single control knob 40. The control knobs are mounted 
on one of a plurality of threaded switch terminals 42 
positioned inside the trip control unit immediately be 
neath the front control panel 36 and in registry with the 
elongated slots 38. 
'As shown in FIG. 1 and as mentioned hereinbefore, 

the operating conditions controlled by the static trip 
control unit are printed on the front panel together 
with an indication of the appropriate values for each 
setting of the control unit. This setting is accomplished 
by moving the thumb-controlled knobs 40 to the appro 
priate location overlying a single terminal 42 and tight 
ening the knob onto the particular terminal selected. 
The terminals 42 are ?xedly mounted on a printed 

circuit board 44 located within the interior of the static 
trip control unit 24 immediately beneath the front 
panel 36 and project upwardly toward the panel but do 
not extend therethrough. The control knobs 40 are 
held captive by their respective slots 38 in the front 
panel so as to permit sliding movement of the knob 
along the elongated generally rectangular slot to its se 
lected position. 
The printed circuit board 44 illustrated in FIGS. 3 

and 4, depicts one embodiment of the circuits that may 
be employed in accordance with the present invention. 
As shown, the insulating plastic board 46 is provided 
with separate and isolated printed curcuit patterns on 
opposite planar surfaces of the board. In the particular 
embodiment illustrated, the board is provided with a 
plurality of terminal mounting apertures 48 arranged in 
rows corresponding to the slots in the control panel 36. 
The top surface of the printed circuit board is provided 
with a ?rst printed circuit pattern that includes a plural 
ity of generally rectangular, spaced, parallel contact 
pads 50 of elongated con?guration arranged on the 
board so as to register with the elongated slots 38 on 
the front control panel 36. Each contact pad‘ 50 fully 
envelopes a plurality of isolated circular insulating ' 
areas 52 individually surrounding the terminal mount-, 
ing apertures 48. Each pad 50 extends well beyond the 
edges of the slots and is provided with a printed con 
nector 54 extending toward one edge 56 of the board 
and terminating in one or more printed edge terminals 
58. Each pad of the first circuit pattern is electrically 
isolated from each of the other pads in the pattern and 
from the upstanding switch terminals 42 enveloped 
thereby. Additionally, the board is provided with a plu 

- rality of component mounting holes 60 located gener 
ally outside of the elongated contact pads 50 and suit 
ably arranged to provide appropriate interconnection 
of mounted solid state components with the second 
printed circuit pattern located on the back side of the 
printed circuit board. 
As shown in FIG. 4, the underside or bottom planar 

surface of the printed circuit board is provided with a 
second printed circuit pattern having appropriate 
printed conductors, such as the conductors 62 inter 
connecting the component mounting holes 60 and the 
terminal mounting apertures 48. The second printed 
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4 
circuit pattern includes electrically conductive contact 
pads 64 substantially concentric with the terminal 
mounting apertures 48 and abutting the edges of these 
apertures to provide for electrical contact between the 
terminals and the printed circuit pattern on the under 
side of the printed circuit board. As shown, suitable 
printed connectors such as connector 66 of the second 
circuit pattern also extend from a component mounting 
hole 60 to one or more printed edge terminals 68 lo 
cated along the same edge 56 of the board as the termi 
nals 58 of the ?rst printed circuit pattern. 
Referring now to FIGS. 1 and 5 an adjustable switch 

is provided for each condition controlled by the circuit 
breaker. The switch consists of the threaded terminal 
42 having a circular ?ange-like base portion 70 of sub 
stantially smaller radius than the insulated area 52 of 
the ?rst printed circuit pattern and a depending mount 
ing post 72 of suitable dimensions so as to extend fully 
through the aligned apertures 48 in the circuit board by 
a rivet or other similar technique so as to provide elec 
trical contact with the concentric contact pad 64 of the 
second printed circuit pattern while at the same time 
?xedly securing the terminal to the printed circuit 
board. The terminal 42 also includes an integral 
threaded stud portion 74 upstanding from the base 
flange 70 and provided with a thread of the fine thread 
series. Forexample, good results have been obtained 
by using a No. 8 fine thread containing 36 threads to 
the inch and having a lead angle of approximately 3.5". 
The thumb-controlled knob 40 adapted to be thread 

ably mounted on the terminal stud portion 74 consists 
of a generally cylindrical switch connector 76 having a 
centrally threaded cavity 78 for threadable mounting 
on the stud. Additionally, the connector isv provided 
with a radially extending pedestal-‘like portion 80 hav 
ing a smooth ?at circular base surface 82 substantially 
free of burrs or other imperfections. This base wiping 
surface 82 of the connector is located at a suitable ra 
dial distance from the stud 74 so as to engage the enve 
loping contact pad 50 of the ?rst printed circuit pattern 
when the connector 76 is threadably mounted on the 
terminal stud 74. The ?at circular surface 82 of the 
pedestal-like portion will provide wiping contact with 
the enveloping contact pad 50 as the low pitch screw 
thread connector 76 slowly - is brought into positive 
electrical contact with the pad. The connector 76 is af 
fixed to the exposed thumb controlled knob 40 posi 
tioned on the outer side of the front control panel 36 
and is mountably connected to the electrical connector 
76 in such a manner as to be captive with the slot 38 
of the control panel, the pedestal portion 80 and the 
thumb controlled knob 40 being of suf?cient size to 

v prevent their passage through the elongated slots 38 in 
the front panel. In this manner, the thumb controlled 
knob 40 is limited to movement along the single slot 
through which it is originally mounted. 

' In the embodiment illustrated, the printed circuit pat 
terns of the printed circuit board are arranged so as to 
also provide a fail-safe interconnection between the 
circuit patterns on opposite sides of the printed circuit 
board. For example, referring to FIGS. 1, 3 and 4 and 
the “Trip Point” adjustment of the “Ground Fault" 
condition, it will be noted that the printed conductive 
connection 54 to the enveloping contact pad 50 of the 
?rst printed circuit pattern is electrically connected 
through a suitable electronic component 84 to printed 
connectors 62 of the second printed circuit pattern. In 
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like manner the other solid state components 86 are 
connected in series to complete the circuit between the 
printed terminal 68 and the printed terminal 58. 
As will be appreciated, the printed ciruit patterns on 

both sides of the board, together with the'components 
84, 86, provide a closed circuit between the first and 
second circuit patterns regardless of a connection 
through the’ knob controlled switch connector 76. 
However, in this instance, the fail-safe circuit includes 
all the components 84 and 86 electrically connected 
between the terminals 58 and 68. When the switch 
knob 40 is placed in the positionshown in FlG. 1, Le, 
at the trip point labelled “0.4x” it in effect short ‘cir 
cuits or shunts the connection to eliminate current flow 
through the component 84 and thereby adjusts the 
ground fault condition which controls tripping of the 
circuit breaker. Similarly, movement of the thumb con 
trolled knob 40 to a different location on the ground 
fault control panelwill provide a comparable adjust 
ment of the condition being controlled. ‘ 
As is apparent from FIG. 1, a transparent cover plate 

90 encloses the static trip control unit 24 within the cir 
cuit breaker casing 10 while at the same time permit 
ting full visibility of the control settings on the unit. In 
accordance with the preferred embodiment, the trans 
parent cover portion is also provided with a tamper 
proof leaded seal 92 permitting only authorized re 
moval of' the transparent cover 90 when it is required 
to effect ?eld adjustment of the setting on the control 
panel. ‘ 

As will be apparent to persons skilled in the art, vari 
ous modi?cations, adaptations and variations of ‘the 
foregoing speci?c disclosure can be made without de 
parting from the teachings of the present invention. 

I claim: ' 
l. A static trip control unit for an electric circuit 

breaker adapted for incremental trip signal adjustment 
including a printed circuit board of insulating material 
having first and .second printed circuit patterns on op 
posite planar surface thereof and a plurality of aper 
tures extending fully through the board in predeter-v 
mined locations; said ?rst printed circuit pattern in 
cluding electrically conductive contact pads substan 
tially concentric with said apertures and abutting the 
edges thereof; said second printed circuit pattern in 
cluding contact pads individually enveloping a plurality 
of selected vapertures and spaced from the enveloped 
apertures to provide insulating areas concentric with 
and abutting said apertures; a plurality of contact studs 
mounted on said board at said apertures and secured to 
said board invelectrical contact with the conductive 
contact pads of said first circuit, said studs extending 
through said apertures and outwardly from the surface 
of said board carrying said second printed circuit pat 
tern, said studs being separated from the enveloping 
contact pads of said second printed circuit pattern by 
at least a portion of said concentric insulating area; and 
a removable contact connector having a smooth con 
tact wiping surface, said connector being selectively 
mounted on one of said individual studs for causing 
positive engagement between said contact wiping sur 
face and the contact pad of said second circuit pattern 
enveloping the mounted stud and effecting an electrical 
connection between said ?rst and second circuit pat 
terns through said stud. 

2. The trip control unit of claim 1 including a plural 
ity of solid state components mounted on said printed 
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circuit board in electrical contact with one of said first 
and second printed circuit patterns, one of said compo 
nents additionally providing electrical continuity be 
tween said ?rst and second patterns to complete the 
circuit and assure fail-safe operation of said unit irre 
spective of said engagement between the wiping sur 
face of the removable connector) and the contact pad 
of the second circuit pattern. 

3. The trip control unit of claim ll including an enclo 
sure for the printed circuit board provided with a con 
trol panel having an elongated slot for each individual 
tripping characteristic controlled by the unit, said re 
movable contact connector being captively and slid 
ably movable along said slot to selected control levels 
and having an exposed positioning selector knob 
thereon facilitating ?eld adjustment and selection of 
the trip control level for the individual tripping charac 
teristic. I 

4. The trip control unit of claim 3 wherein the control 
panel is provided with a plurality of said elongated 
slots, said contact studs being positioned within rows in 
registry with said slots for permitting slidable move 
ment of a contact connector along each row and 
mountably receiving the connector on one of said 
studs. 

5. The trip control unit of claim 1 wherein the printed 
circuit board carries ?rst and second printed circuit 
patterns for a plurality of different tripping characteris~ 
tics controlled by the circuit breaker, the circuits for 
each individual characteristic including a plurality of 
solid state components mounted on the board in elec 
trical contact with a least one of said circuit patterns, 
at least one of said components being connected to 
both of said circuit patterns to complete the circuit and 
provide electrical continuity through all of the solid 
state components in said circuit. 

6. The trip control unit of claim 5 wherein the solid 
state components are electrically connected between 
contact pads of said ?rst circuit pattern and the circuit 
connection provided by said removable contact con 
nector and an intermediate contact stud of the ?rst cir 
cuit pattern provides a shunt that bridges conductors of 
the ?rst and second circuit patterns to electrically by 
pass selected solid state components in said circuit. 

7. In an electric circuit breaker comprising an insu 
lating casing, separable contacts movable between the 
open and closed circuit positions and a tripping mecha 
nism for automatically moving the contacts to their 
open circuit position, the combination comprising a 
modular static trip control unit for controlling the oper 
ation of said tripping mechanism, said unit including a 
front control panel, a positioning selector knob for 
each tripping characteristic controlled by the unit 
mounted of the exposed surfaces of said control panel 
and a transparent cover secured to the casing for en 
closing the static trip control unit while permitting full 
visibility of the positioning selector knobs carried by 
the control panel. 

8. The circuit breaker of claim 7 wherein the trans 
parent cover is provided with a tamper proof seal pre 
venting unauthorized removal thereof from the casing. 

9; A printed circuit board switch suited for use in a 
static trip control unit for an electric circuit breaker 
comprising a printed circuit board of insulating mate 
rial having ?rst and second printed circuit patterns on 
opposite planar surface thereof and an aperture ex 
tending fully through the board, said ?rst printed cir 
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cuit pattern including an electrically conductive con 
tact pad substantially concentric with said aperture and 
abutting the edge thereof; said second printed circuit 
pattern including a contact pad enveloping said aper 
ture but spaced therefrom to provide an insulating area 
concentric with and abutting said aperture; a contact 
stud mounted on said board at said aperture in electri 
cal contact with the conductive contact pad of said first 
circuit pattern, said stud extending through said aper 
ture and having a threaded terminal projecting out 
wardly from the surface of said board carrying said sec 
ond printed pattern, said stud being separated from the 
enveloping contact pad of said second printed circuit 
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8 
pattern by at least a portion of said concentric insulat 
ing area; and a removable contact connector having a 
smooth contact wiping surface on the base thereof; said 
connector being threadably mounted on said terminal 
for causing positive engagement between said contact 
wiping surface and the contact pad of said second cir 
cuit pattern and effecting an electrical connection be 
tween said ?rst and second patterns through said stud. 

10. The switch of claim 9 wherein said threaded ter 
minal is provided with a low pitch thread of the fine 
thread series to facilitate smooth wiping contact be 
tween said wiping surface and said contact pad. 

* it * It * 


