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This invention relates to electric switchgear and, more particularly, to that type of switchgear which comprises 
the combination of an electric fuse and switch connected 
in series circuit relationship. 

In one embodiment of the present invention, an elec 
tric switch is provided which is capable of closing against 
currents greatly in excess of the currents which it is 
capable of interrupting upon opening. A fuse connected 
in series with the switch is relied upon for interrupting 
those currents which the switch is incapable of inter 
rupting. It is important in such an arrangement that 
only the fuse, and not the switch, be utilized for at 
tempted interruption of currents in excess of the switch 
interrupting capacity. Reliance on the switch for inter 
rupting such currents can be hazardous both to operating 
personnel and to the associated equipment. 

Thus, an object of the present invention is to provide 
a switch-fuse combination which is so constructed that 
only the fuse and not the switch will be relied upon for 
interrupting substantially all currents in excess of the 
switch interrupting capacity. 
The present invention is also concerned with provid 

ing a simple and sturdy operating mechanism which is 
capable of successfully closing the switch even against 
short circuit currents. To this end, the mechanism 
employs a chargeable closing spring that can be charged 
by the operation of a suitable handle and that can there 
after be released to impart the required closing power 
to the switch. 

In connection with a mechanism of this nature, it is 
another object of the invention to construct the mecha 
nism in such a manner that the same handle can be 
utilized for opening the switch as is relied upon for 
charging the closing spring. By attaining this object, 
is is possible to eliminate the need for a separate opening 
control system, thus helping to simplify and reduce the 
cost of the operating mechanism. 

Another object is to construct the switch-operating 
mechanism in such a manner that switch-opening can 
take place without appreciable opposition from the 
switch-closing spring and yet without requiring the link 
age between the switch and the closing spring to be of 
a complicated, collapsible nature. 

Another object is to provide a relatively simple inter 
lock which assures, among other things, that the fuse 
and not the switch will be relied upon for interrupting 
currents in excess of the switch interrupting capacity, 
that the closing spring is fully charged before switch 
closing is initiated, and that the spring-charging handle 
is in a proper position to initiate opening when switch 
opening might be required. 

In one of its aspects, the invention is particularly 
concerned with an arrangement in which the fuse, the 
switch and the switch-operating mechanism are con 
structed as a portable assembly that can be shifted into 
and out of a connected position in an enclosure. In 
connection with such an assembly, it is an additional 
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object of the present invention to provide interlock struc 
ture capable not only of operating in the manner set 
forth in the immediately preceding paragraph but capable 
also of precluding the assembly from being withdrawn 
while its closing spring is charged and capable also of 
precluding the assembly from being moved into and out 
of its fully-connected position while the switch is closed. 

in carrying out our invention in one form, we provide 
an electric switch and fuse connected in series-circuit 
relationship. The switch is capable of interrupting cur 
rents up to a predetermined value, and the fuse is auto 
matically operable to interrupt currents in excess of 
this value, which the switch is incapable of interrupting. 
The fuse requires a predetermined interval of time to 
effect interruption of currents slightly exceeding said 
predetermined value once said value has been exceeded. 
Switch-closing means is provided for closing the switch 
even against currents greatly in excess of said predeter 
mined value, and manually-controlled switch-opening 
means is provided for opening the switch. Switch 
protective means is provided for disabling the switch 
opening means after completion of a switch-closing 
operation for a period of time exceeding said predeter. 
mined interval of time, thus assuring operation of the 
fuse in the event that the switch is closed against a sus 
tained current in excess of said predetermined value. 

In accordance with one aspect of our invention, we 
provide, for closing the switch, a chargeable closing 
Spring that can be charged by the operation of a suit. 
able handle and that can thereafter be released to im 
part the required closing power to the switch. Spring 
charging is effected by repetitively oscillating this han 
dle, whereas switch-opening is effected by operation of 
the handle in one direction. The forces for effecting 
switch-opening are transmitted to the switch through a 
mechanism that is in a disabled condition during the Spring-charging operation but is rendered operable by a 
Switch-closing operation. When this mechanism is oper 
able, it is capable of transmitting forces from the handle 
to the Switch to enable the handle to effect switch 
opening. 

In accordance with still another aspect of our inven 
tion, the Spring is first charged by driving one of its 
ends into a charged position where it is held, after 
which the other end of the spring is released to effect 
Switch-closing. A simple linkage provided between the 
Switch and the closing spring causes subsequent switch 
opening to drive said other end of spring in a direction 
opposite to its direction of movement during switch 
closing. Interlock means is provided for rendering such 
reverse movement ineffective to charge the closing 
Spring. The interlock means operates in this manner by 
requiring that said one end of the spring be released 
as a prerequisite to initiating a switch-opening operation. 

For a better understanding of these and other features 
of our invention, reference may be had to the following 
description taken in conjunction with the accompanying 
drawing wherein: 

Fig. 1 is a side elevational view, partly in section, 
showing Switchgear apparatus comprising a switch-fuse 
combination embodying our invention. - 

Fig. 2 is a perspective view of mechanism for operating 
the switch utilized in the assembly of Fig. 1. The oper 
ating mechanism embodies a chargeable closing spring 
which is shown prior to its being charged. The switch is 
shown in an open position. 

Fig. 2a is a perspective view showing a portion of the 
mechanism of Fig. 2 in combination with additional 
structure that has been omitted from Fig. 2 for the sake 
of clarity. 

Fig. 3 is a diagrammatic view of the mechanism of 
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Figs. 2 and 2a with the parts shown in the position they 
occupy after the spring has been charged but before the 
spring has been released to close the switch. 

Fig. 4 is a diagrammatic view similar to that of Fig. 3, 
but showing the various parts after the spring has been 
released to close the switch. 

Fig. 5 is a diagrammatic view of a portion of the 
operating mechanism at a particular instant during the 
switch-closing operation. 

Fig. 6 is a diagrammatic view of the operating mecha 
nism showing the parts in a position through which they 
pass during an early portion of a Switch-opening opera 
tion. 

Fig. 7 is an enlarged sectional view of a portion of 
the mechanism of Figs. 2-6. 

General description of the removable switchgear 
assembly 

Referring now to Fig. 1, the switchgear apparatus 
shown therein comprises a stationary enclosure 10 and 
a removable, or draw-out, switchgear unit in the form 
of a fuse-switch assembly 11. The removable assembly 
1 comprises a truck 12 mounted on suitable wheels 13, 
which allow the removable assembly 11 to be rolled hori 
Zontally into and out of its fully-connected position 
shown in Fig. 1. In the fully-connected position of 
Fig. 1, a set of plug type disconnect contacts 15 carried 
by the movable assembly 1 is fully inserted into a set 
of socket-type stationary disconnect contacts 16 suitably 
Supported on the enclosure 10. Mating pairs of con 
tacts 15 and 6 form the terminals for a power circuit 
extending through the assembly 1 and controlled there 
by, as will soon be explained. The contacts 15 and 16 
can be of any suitable conventional form, but in the 
drawing, each stationary contact 16 is shown formed as 
a longitudinally split tube encircled by a pair of garter 
Springs 17. Each of the movable plug contacts 15 is 
shown formed with an enlarged head that is adapted to 
be forceably slid to the left into one of the tubes 16. 
To provide the desired contact pressures when the dis 
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the right hand side of the movable assembly 11, assum 
ing that an interlock bar shown at 161 is properly posi 
tioned. The manner in which the position of this inter 
lock bar 161 is controlled will be explained in detail 
hereinafter. 
For utilizing longitudinal movement of the jack screw 

26 to produce the required racking action, coupling 
means comprising a U-shaped bracket 30 fixed to the 
movable assembly 11 is provided. Each arm 31 of the 
bracket 30 has an opening therein which loosely re 
ceives an until readed portion of the jack screw 26. Be 
tween the arms 31 and encircling the jack screw is a 
sleeve 32, which is freely rotatable with respect to the 
arms 31. The sleeve 32 has a slot 35 formed therein 
and extending longitudinally of the jack screw. A pro 
jecting pin 34 fixed to the jack screw 26 is received 
within the slot 35 so as to couple the jack screw and 
the sleeve together. 

In inserting the switchgear assembly 11, the assembly 
11 is pushed to the left into a position of initial engage 
ment of the contacts 15, 16. When this position of 
initial contact engagement has been reached, the jack 
screw can be threaded into the nut 21, thereby moving 
the pin 34 on the jack screw into engagement with the 
forward wall of the slot 35. Thereafter, as the jack 
screw moves longitudinally to the left in response to 
rotation thereof, the pin 34 acts through the sleeve 32 
and the brackets 31 to drive the movable switchgear 
assembly 11 to the left. This is continued until the 
switchgear assembly 11 together with its contacts i5 
have reached their fully-connected position, depicted in 
Fig. 1. 
The specific manner in which the fuse and the switch 

of Fig. 1 are supported on the truck is not a part of our 
35 invention and is disclosed in greater detail and claimed 

in application S.N. 754,469 Eichelberger et ai., filed Au 
gust 11, 1958, and assigned to the assignee of the present 
invention. It is believed, however, that the following 
brief description of these components will facilitate an 

40 
connect contacts 15 and 16 are in their fully-engaged 
position, the garter spring 17 must be relatively strong, 
and, as a result, considerable force is required in order 
to force the movable contacts 15 to the left from a posi 
tion of initial-contact-engagement to the illustrated posi 
tion of full engagement. Likewise, considerable force 
is required in order to withdraw the assembly 11 and 
its contacts 15 to the right from their position shown 
in Fig. 1. 
To aid in driving the switchgear assembly 11 together 

with its movable disconnect contacts 15 into and out of 
the fully-connected position of Fig. 1, a racking mecha 
nism 20 is provided. This racking mechanism can be 
of any suitable form but is preferably of the type dis 
closed and claimed in application S.N. 705,657, Eichel 
berger et al., assigned to the assignee of the present in 
vention. The disclosed racking mechanism 20 comprises 
an internally threaded nut 21, which is mounted on the 
enclosure 10 by means of a tube 22 fixed to the enclosure 
and an anchoring pin. 23. The racking mechanism 26 
further includes a jack screw 26 which is carried by the 
movable switchgear assembly 11 and is rotatably mount 
ed thereon. The jack screw 26 extends in a direction 
generally parallel to the path of movement of the switch 
gear unit 11, and at its left hand end, has external 
threads 27 which are adapted to mesh with the internal 
threads of the nut 21. When these threads are in mesh, 
rotation of jack screw 26 causes the threads to shift the 
jack Screw.longitudinally, and this longitudinal move 
ment is utilized to rack the switchgear assembly 11 into 
and out of its fully-connected position. Rotation of the 
jack screw 26 is effected by means of a suitable wrench 
or the like (not shown) applied to the right hand end 
of the jack screw. The Wrench can be inserted through 
an opening in a protected panel 38 suitably secured to 
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understanding of the present invention. Referring now 
to Fig. 1, it will be noted that the movable fuse-switch 
assembly 1 comprises a horizontally-extending base plate 
40 supported on the truck 12 by means of suitable verti 
cally-extending channels 41. This base plate 40 consti 
tutes a support for all of the major operating compo 
nents of the movable switch-fuse assembly. In this 
regard, the jack screw supporting channel 30 is suitably 
secured to the base plate 40. The disconnect contacts 15 
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afe supported on the base plate 40 by means of pin type 
insulators 43 and 44 mounted on the base plate at verti 
cally-opposite sides thereof. Horizontally spaced from 
the insulators 43 and 44 and also supported on the base 
plate 40 is a vertically-extending through bushing 48 
having a conductive stud 49 extending vertically there 
through. Mounted atop the conductive stud 49 is a fuse 
clip structure 56. Mounted atop the insulator 43 is an 
other fuse clip structure 52 connected to the upper dis 
connect contact 5. 

Electrically bridging the fuse clips 50 and 52 is an elon 
gated electric fuse 54. Mounted at the lower side of 
the base plate 40 is a load break switch 60. This switch 
includes stationary contact structure 61 suitably mounted 
at the lower end of the conductive stud 49 and conduc 
tive pivot structure 62 mounted at the lower end of the 
insulator 44. The conductive pivot structure 62 is elec 
trically connected to the lower disconnect contact 15. 
Pivotally mounted on the pivot structure 62 is a co 
ductive circuit-controlling blade 64 which, at its outer end, 
carries movable contact structure, shown in simplified 
form at 63, for cooperating with the stationary contact 
structure 61. When the blade 64 is moved toward its 
dotted-line position, the contacts 61, 63 are separated to 
open switch. When the blade 64 is in the generally 
horizontal position shown in Fig. 1, the contacts 61, 63 
are engaged, the switch is therefore closed and the blade 
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64 conducts currents between the stud 49 and the pivot 
62. Thus, it will be seen that when the switch is closed, 
the fuse and the switch are connected in series between 
the disconnect contacts 15. 

Opening of the switch is effected by driving the blade 
from its solid-line horizontal position into the dotted 
line position shown. Assuming the circuit through the 
assembly to be energized, this opening movement of the 
blade 64 establishes a circuit-interrupting arc between the 
contacts 63 and the contacts 61. For extinguishing the 
arc to interrupt the circuit, a suitable arc chute 67 Sup 
ported from the lower end of the through insulator 48 
is provided. The arc is suitably driven into this chute 
where it is rapidly cooled and elongated and thereby ex 
tinguished, all in a well known manner. The details of 
this arc chute form no part of the present invention, and 
the arc chute can, for example, be constructed as de 
scribed in greater detail in U.S. Patent No. 2,417,683, 
Harlow, assigned to the assignee of the present invention. 

The switch-operating mechanism 
For driving the blade 64 between its open and closed 

positions, a switch-operating mechanism 70 is provided. 
This operating mechanism 70 is shown partially in block 
form in Fig. 1 but is shown in greater detail in Figs. 2-6. 
Referring now to Fig. 2, the pivoted switch blade 64 is 
shown in diagrammatic form in the lower left hand corner 
of the figure. The movable contact 63 is shown car 
ried by the switch blade 64 so that it can contact the 
stationary contact 61 in circuit-closing engagement when 
the blade 64 is driven counterclockwise from its open 
position shown into a horizontal position. 
For transmitting switch-closing forces to the blade 64, 

a rotatable switch operating shaft 72 is provided. This 
operating shaft 72 has a crank 73 coupled thereto for 
rotation therewith. Connected between the crank 73 and 
the blade 64 is a connecting link 75 which is connected 
by pivots 76 and 77 at its respective opposite ends to 
the crank 73 and the blade 64. When the operating 
shaft 72 is rotated in a counterclockwise direction from 
its position of Fig. 2, the crank 73 acting through the 
link 75 lifts the blade 64 and thus closes the switch. The 
switch is depicted in its fully-closed position in Fig. 4, 
where it can be seen that counterclockwise motion of the 
crank 73 has been terminated by a suitable stop 78 en 
gaging the crank 73. This stop 78 is so located that in 
the position of Fig. 4, the crank 73 is overcenter with 
respect to the connecting link 75, and, thus, the switch 
blade 64 is, in effect, locked in its closed position. With 
regard to this overcenter relationship, note that a refer 
ence line 79 connecting the pivots 76 and 77 remains to 
the right of the shaft 72 during initial switch-closing, as 
will be evident from Fig. 3. However, when the closed 
position of Fig. 4 is approached, the reference line 79 is 
shifted to the left of the operating shaft 72, where it re 
mains so long as the switch is fully-closed. It will be 
apparent that magnetic forces tending to drive the switch 
blade 64 out of its closed position simply urge the crank 
73 in the direction of the stop 78 and are, therefore, 
ineffective to force the Switch open. 

Switch-closing operation 
The forces for driving the switch through its above 

described closing stroke are derived from a chargeable 
helical spring 80. As shown in Fig. 2, the output end 
of the spring 89 is coupled to a rotatable output member 
81, which is keyed to a rotatable output shaft 82. This 
output shaft 82 is coupled to the switch-operating shaft 
72 by suitable means such as the conventional chain and 
sprocket drive shown at 83. This chain and sprocket 
drive 83 comprises suitable sprockets 83a and 83b respec 
tively keyed to the operating shaft 72 and the output 
shaft 82 and interconnected by a suitable chain 83c ex 
tending over the peripheries of the sprockets. 
The output member 81 is normally held in its position 
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6 
of Figs, 2 and 3 by means of a suitable latch 85 engaging 
a shoulder 86 formed on the periphery of the output 
member 81. When the latch 85 is released, i.e., driven 
counterclockwise out of its position of Figs, 2 and 3, the 
output member 81 becomes free to rotate in a counter 
clockwise direction. Assuming that the helical Spring 80 
is then fully charged, it will respond to releasing of the 
latch 85 by driving the output member 81 together with 
the output shaft 82 rapidly counterclockwise. This 
counterclockwise motion is transmitted through the chain 
drive 83 to the operating shaft 72 and acts to drive the 
operating shaft 72 counterclockwise to produce the 
above-described switch-closing. 

Charging of the switch-closing spring 
For charging the helical spring 80 so as to prepare it 

for a switch-closing operation, a rotatable charging mem 
ber 90 is provided. This charging member 90 is coupled 
to the rear end of the spring 80 and is movable in a 
counterclockwise direction from its position of Fig. 2 to 
effect spring-charging. To aid in driving spring charging 
member 90 counterclockwise, a rotatable ratchet wheel 
92 is coupled to the charging member for rotation there 
with. Preferably, this coupling between the members 
90 and 92 comprises a rotatable shaft 9 upon which 
both members 90 and 92 are mounted and to which 
both members are keyed. When the ratchet wheel 92 is 
driven counterclockwise, it drives the charging member 
90 counterclockwise and thus charges the helical spring 
80, assuming that the front end of the helical spring is 
then restrained by the latch 85. 
For rotating the ratchet wheel 92 counterclockwise so 

as to effect the above described charging of the spring 
80, an oscillatable, manually-operable handle 93 is pro 
vided. This handle 93 is received within a suitable open 
ing provided in the periphery of a rotatable hub 94. The 
hub 94 is keyed to a rotatable shaft 95, which, in turn, 
is keyed to a charging crank 96. The charging crank 96 
carries a laterally projecting pivot pin 97 upon which a 
charging pawl 98 is pivotally mounted. The charging 
pawl 98 carries a ratchet driving pin 99 at its outer end. 
As shown in Fig. 2, the ratchet driving pin 99 normally 
rests against a driving projection 100 at the outer end 
of the crank 96. A suitable torsion spring 101 normally 
maintains the driving pin in this position of Fig. 2. 
When an attendant pumps the handle 93 in a clock 

wise direction, he swings the charging crank 96 clockwise 
about the axis of shaft 95 and thus moves the ratchet 
driving pin 99 into a first one of the notches 105 provided 
in the periphery of the ratchet wheel 92. Referring to 
Fig. 2, when the ratchet driving pin 99 has engaged the 
top wall of the groove 105, this clockwise motion of the 
handle 93 is transmitted through the pin 99 to the ratchet 
wheel 92 and thus acts to drive the ratchet wheel counter 
clockwise. After a predetermined amount of such 
counterclockwise motion of the ratchet wheel, a holding 
pawl 106 comes into operation. More specifically, hold 
ing pawl 106, at this time, falls into a notch 108 formed 
in the periphery of ratchet wheel 92 and thus prevents 
the ratchet wheel from backtracking from the position 
to which it has been advanced by the first stroke of the 
handle 93. This holding pawl 106 is upwardly biased 
toward the periphery of the ratchet wheel 92 by a suitable 
tension spring 109 and has its upper travel limited by a 
Suitable stop 110 working in a groove 111 formed on a 
stationary part, all as shown in Fig. 2. The holding pawl 
was brushed aside by the ratchet wheel 92 when the pawl 
had first engaged the wall 113 thereof, but when the 
notch 108 was moved into registry with the front corner 
of the holding pawl 106, the spring 109 drove the pawl 
upwardly into holding engagement with the notch 108. 

After the holding pawl 106 has engaged the first notch 
108, the attendant can, of course, return the handle 93. to its position of Fig. 2 without allowing the ratchet 
wheel 92 to backtrack to its initial position. The yield 
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able connection provided between the driving pawl 98 
and the charging crank 96 allows the handle 93 to be 
returned in a counterclockwise direction to its position 
of Fig. 2 without significant interference from the ratchet 
wheel 92. 

Thereafter, clockwise motion of the handle 93 is re 
peated with the ratchet-driving pin 99 this time engaging 
the next groove 105 on the ratchet wheel 92. This ad 
vances the ratchet wheel 92 through another counter 
clockwise charging increment, after which the holding 
pawl 66 engages the next notch 168 on the ratchet wheel, 
so as to hold the ratchet wheel in its newly-advanced po 
sition. The handle 93 is then returned to its initial posi 
tion, after which it is once again driven through a clock 
wise spring-charging stroke. At the end of this clock 
wise charging stroke, the handle 93 is left in its end or 
lower position, for reasons which will soon be explained. 
The spring is then fully charged and prepared to drive 
the switch closed upon release of the latch 85 at its op 
posite end. 

Releasing the closure-initiating latch 
For releasing the latch 85, a reciprocable closure 

initiating member 120 is provided. This closure-ini 
tiating member 120 has a wedge shaped cam surface 122 
formed thereon cooperating with a paddle 122 secured 
to a rotatable latch-releasing shaft 123. The latch-re 
leasing shaft 123 is coupled to the latch 85 by means of 
a pin 124 projecting through a slot 125 in a cylindrical 
hub 126 of the latch 85. When the closure-initiating 
member 2 is pulled to the right from its position of 
Fig. 3, it acts through cam surface 124 to rotate the 
latch-releasing shaft 23 counterclockwise. This causes 
the pin 25 to drive the latch 85 counterclockwise to 
effect release of the output member 81 in the manner 
previously-described. This allows the closing spring 80 
rapidly to discharge and effect switch-closing, all as pre 
viously-described. Suitable reset springs 118 and 119 
are provided for urging the latch 85 and the latch-re 
leasing shaft 23 back to their respective positions of 
Fig. 3. As will be apparent from Fig. 6, the latch 35 
can reset into its latched position of engagement with 
the shoulder 86 only after the output member 81 has 
been returned to its position of Fig. 2 responsive to switch 
OpenIng. 

AsSitriilg that sufficient closing power is available 
To insure that the spring 86 has been fully-charged 

before a closing operation is initiated, an interference arm 
F23 is secured to the latch-releasing shaft 23. The outer 
periphery of the spring charging member 90 prevents 
this arm from being moved in a counterclockwise direc 
tion from its position of Fig. 2 until a groove, or recess, 
E29 formed thereon registers with the outer end of the 
interference arm 28. Only when the spring 80 is fully 
charged does the groove 29 register with the outer end 
of aim 28, and, as a result, only when the spring is 
fully-charged, is the latch releasing shaft 23 capable of 
being operated to release the closure-initiating latch 85. 
By assuring that the closing spring 80 is fully charged 
before closure is initiated, assurance is had that sufficient 
closing power will be available to successfully close the 
switch even against short circuit forces. 
Assiring proper positioning of the spring charging handle 

Another prerequisite to initiating a closing operation is 
that the handle 93 be in its lower position, shown in 
Fig. 3. Unless the handle is in its iower position, a second 
interference member 38, also secured to the latch 
releasing shaft 23, will block motion of the latch-releas 
ing shaft in a counterclockwise closure-initiating direc 
tion from its position of Fig. 3. In this regard, the inter 
ference arm 38 is provided with a projecting pin i32 
that will abut against the outer periphery of the hub 94 
to block counterclockwise motion of the interference arm 

10 

15 

20 

30 

40 

45 

5 5 

60 

70 

8 
130 and the latch-releasing shaft 123 while the handle is 
out of its lower position. Only when the handle is in its 
lower position does a recess 134 in the periphery of the 
hub 94 align with pin 132, and only when this latter 
condition exists can the latch-releasing shaft 123 be ro 
tated counterclockwise from its position of Fig. 3 to 
initiate the switch-closing operation. The reason for re 
quiring that the handle be in its lower position during 
this interval will soon be explained. 

Booster arrangement for assisting in closing 
To assist the spring 80 in driving the switch blade 64 

into closed position, a booster arrangement 140 coupled 
to the operating shaft 72 is provided. This booster ar 
rangement 140 comprises a tension spring 141 coupled to 
the upper end of a crank 142, which is pivotally mounted 
at its lower end. A cam 143 fixed to the switch oper 
ating shaft 72 acts through a pin 144 to hold the spring 
14 charged during the first portion of the switch-closing 
operation, but toward the end of the switch-closing oper 
ation, the spring 14 is permitted to discharge and supply 
switch-closing forces through the generally radially-ex 
tending surface 145a of the cam 43. In this latter re 
gard, when the cam 143 moves through the position of 
Fig. 5 near the end of a closing stroke, the cam surface 
i45 no longer holds the crank 142 in its position of Fig. 3. 
The spring 14 then becomes free to drive the crank in 
a clockwise direction, and this action, as will be evident 
from Fig. 5, provides added force for closing the switch. 
This added force is needed in order to drive the switch 
closed against high magnetic opposing forces encountered 
when closing during a heavy overload or fault condition. 
it will, of course, be apparent to those skilled in the art 
that this booster arrangement 140 can be omitted if the 
spring 80 is of such a size that it is capable of alone 
closing the switch 60. 

Introduction of interlock mechanism 
Before describing a switch-opening operation, reference 

will be had to the interlock mechanism 60 shown best in 
Fig. 2. This interlock mechanism comprises a slidable 
interlock bar 161 which can be laterally shifted by means 
of a handle i62. In this regard, the handle 162 and a 
crank 64 are fixed to a pivotally-mounted shaft 163, 
which has its axis stationarily located relative to the 
switchgear assembly 11. The crank 164 has a fork at its 
upper end which receives a pin 165 secured to the inter 
lock bar 161. When the handle is pivoted in a counter 
clockwise direction from its position of Fig. 2, it shifts 
the interlock bar 61 to the left, and correspondingly 
when the handle is returned to its position of Fig. 2, 
it shifts the interlock bar to the right back to its posi 
tion of Fig. 2. 

There are three distinct spaced-apart positions into 
which the interlock bar 161, and hence the handle 162, 
must be shifted before certain preselected operations can 
be performed with the switch assembly. More specifi 
cally, it is necessary to position the interlock bar in its 
"close and charge' position as a prerequisite to charging 
the spring 80 and as a prerequisite to releasing the spring 
86 to close the switch. It is necessary to position the 
interlock bar 161 in its "open' position as a prerequisite 
to opening this switch, and it is necessary to position the 
interlock bar 161 in its “rack' position as a prerequisite 
to racking the switch assembly out of or into its fully 
inserted position of Fig. 1. 

It was assumed during the above-described charging 
and closing operations, that the interlock bar was dis 
posed in its position of Fig. 2, i.e., its "close and charge' 
position, thus allowing these particular operations to be 
carried out without interference from the interlock mech 
anism. 

Preparing for a switch-opening operation 
It will now be assumed that it is desired to open the 

switch, and that to this end the interlock handle 162 
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is moved from its "close and charge" position to its "open” 
position, which is a prerequisite to opening. This handle 
motion will shift the interlock bar 161 to the left from 
its position of Fig. 2. Such leftward shifting of the 
interlock bar 161 will perform two distinct operations. 
It will release the holding pawl 106 at the rear end of 
the spring 80 and will also release an interlock latch 170 
cooperating with the output member 81 at the front or 
output end of the spring 80. Release of the pawl 106 
is effected by means of a cam 171 formed on the inter 
lock bar 161. This cam 171 drives the holding pawl 
106 downwardly out of engagement with the ratchet wheel 
92 in response to this movement of the handle and inter 
lock bar 161 into their respective open positions. With 
regard to release of the interlock latch 170 at the output 
end of the spring 80, it is to be noted from Fig. 2 that 
this latch 170 is pivoted on a shaft 172 carried by the 
interlock bar 161 and is biased in a counterclockwise 
direction about the shaft 172 by means of a suitable 
tension spring 173. When the interlock bar 161 is shifted 
to the left from its position of Fig. 2, it carries the latch 
170 to the left, and thus causes the latch 170 to engage 
a stationary pin 175 which forces the latch in a clock 
wise direction away from the periphery of the output 
member 81. As will be apparent from Fig. 4, when the 
switch is closed, this interlock latch 170 is in engagement 
with a shoulder 176 formed on the output member 81. 
This engagement precludes a switch-opening operation, 
but when the interlock bar 161 is shifted to the left to 
its open position the latch 170 is moved out of engage 
ment with the shoulder 176 by means of the pin 175. 
The output member 81 is then in a condition to be ro 
tated in a clockwise direction, as occurs during a switch opening operation. 

Switch-opening operation 
Assuming that the interlock bar 161 is in its "open” 

position (which means that the latch 170 and the holding 
pawl 106 have been released, as above described), the 
next step in the opening operation is to pivot the handle 
93 in a counterclockwise direction from its position of 
Fig. 4 through its position of Fig. 6. It is this counter 
clockwise motion of the handle 93 which is utilized for 
opening the switch. In this regard, a first cam 181 is 
fixed to the same shaft 95 as the handle 93, and a second 
cam 182 is fixed to the output shaft 82 of the closing 
spring 80. Referring to Fig. 4, initial counterclockwise 
motion of the handle 93 drives the first cam 181 counter 
clockwise into engagement with the second cam 182, and 
when this occurs, further counterclockwise motion of the 
handle 93 causes the first cam 181 to drive the other 
cam. 182 in a clockwise direction. This motion of the 
second cam. 182 is transmitted to the switch operating 
shaft 72 through the chain drive 83 and the output shaft 
82, and acts to rotate the switch-operating shaft 72 in 
a clockwise or switch-opening direction. 

Switch-opening is aided by means of an overcenter 
tension spring 85 coupled to a crank 186 which is fixed 
to the output shaft 82. At the beginning of the opening 
operation, the spring 85 is to the left of the axis of 
shaft 82, as shown in Fig. 4, but when the parts have 
been moved through the position of Fig. 6, the spring 
185 has been carried to the right of the axis of shaft 82 
and is thus free to rapidly contract. This contraction 
of the spring 185 drives the output shaft 82 in a clockwise 
direction and is transmitted to the switch-operating shaft 
72 through the chain drive 83. The switch contacts 63 
and 6i are so constructed that they remain in engagement 
until the spring 185 takes over and, accordingly, it is 
the spring which primarily controls the speed of motion 
of the switch blade 64 during the actual circuit interrup 
tion. When the spring 185 takes over, it drives the cam 
182 ahead of the cam 181 and through a region wherein 
the cam 181 is incapable of engaging the cam 182. This 
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10 
enables contact-opening to take place at the desired pre 
selected speed irrespective of the speed at which the 
operator moves the handle 93. 
At the end of a switch-opening operation, the output 

member 81 will have been returned clockwise to its posi 
tion of Fig. 2 after having passed through the intermediate 
position of Fig. 6. When the output member 81 has 
been so moved clockwise into the position of Fig. 2, the 
latch 85 is restored to its latching position behind the 
shoulder 86 by the reset spring 118. The outer periphery 
of the output member 81 blocked latch-resetting until 
this point, but before this point the lost-motion connec 
tion at 124, 125 allowed the interference member 130 
to be reset by its spring 119 without interference from 
the blocked atch 85. 
From the above description of a switch-opening oper 

ation it will be apparent that the same handle 93 that 
is used for charging the closing spring is also utilized for 
producing switch-opening. While charging of the spring 
80 is accomplished by oscillating or pumping the handle 
93, opening of the switch is accomplished simply by uni 
directional motion of the handle from its extreme lower 
position of Fig. 4 to its normal position of Fig. 2. Spring 
charging operations have no effect on the position of the 
switch blade 64 due to the fact that, during spring charg 
ing, the cam 182 is positioned out of the path of move 
ment of the other cam 18 in what might be termed a 
"disabled position.” For example, referring to Fig. 2, 
the driving cam 181 can be oscillated by the shaft 95 
without ever engaging the driven cam 182, so long as 
the driven cam remains in its disabled position of Fig. 2. 
A switch-closing operation, however, shifts the driven 
cam. 182 from its disabled position into the position of 
Fig. 4. When the driven cam 182 is in this position 
of Fig. 4, the driving cam 181 can engage the driven 
cam when the driving cam 181 is moved counterclock 
wise by the handle 93. It is this engagement which is 
utilized for transmitting switch-opening power from the 
handle 93 to the output shaft 82 during switch-opening 
operation, as has been described in greater detail here 
inabove. By constructing the mechanism in such a man 
ner that the same handle can be used for switch-opening 
as for Spring-charging, the need for a separate opening 
control system has been eliminated, and this has most 
advantageously helped simplify and reduce the cost of 
the switch-operating mechanism. 

It has already been pointed out under the heading 
"ASSuring proper positioning of the spring-charging han 
dle' that the handle 93 must be left in its lower position 
of Fig. 3 before a switch-closing operation can be initi 
ated. Otherwise, as was pointed out, the interference 
members 130, 132 will block initiation of a switch-clos 
ing operation. Because the handle 93 will be in its 
lower position of Fig. 3 when the switch has been closed, 
it will be apparent that the handle is invariably properly 
positioned to initiate an opening operation at the par 
ticular time when the opening might be needed. Fur 
thermore, the fact that the handle must be positioned in 
its lowermost position of Fig. 3 when switch-closing is 
initiated is also relied upon to assure that switch-closing 
will not impart abrupt motion to the handle 93. In 
this regard, when the handle 93 is positioned in its 
lowermost position of Fig. 3, the cam 182 can move 
from its position of Fig. 3 to its position of Fig. 4 re 
sponsive to switch-closing without engaging the cam 181 
and, thus, without imparting motion to the handle 93. 
On the other hand, if the handle had been in some in 
termediate position when switch closing was initiated, 
the cam 182 would have struck the cam 81 a sharp 
blow and driven the handle 93 abruptly clockwise. Such 
abrupt motion could be a hazard to the safety of the 
attendant, and the desirability of eliminating such hazard 
is readily apparent, 
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The closing spring during a switch-opening operation. 
It will be noted that switch-opening drives the ro 

tatable output member 81 in an opposite direction from 
the direction that it was driven by the spring 86 during 
a switch-closing operation. If the rear end of the 
spring 80 were allowed to remain latched by the holding 
pawl 106 during this interval, it would be apparent that 
switch-opening would tend to charge the closing spring 
80. This could unduly interfere with the desired switch 
opening speeds and could unduly increase the forces 
required for Switch-opening. This problem is avoided 
in the disclosed arrangement by releasing the holding 
pawl 106 prior to initiation of a switch-opening oper 
ation. This release of the holding pawl 06 was effected 
by movement of the interlock bar 161 into its "open’ 
position, as has been previously pointed out. Since 
movement of the interlock bar 16 into its “open' po 
sition was a prerequisite to initiating a switch-opening 
operation, it will be apparent that this release of the 
holding pawl 106 will always have taken place prior to 
a switch-opening operation. 

Since the holding pawl 106 is released prior to initi 
ation of a switch-opening operation, it will be apparent 
that the closing spring 80 will offer no significant op 
position to Switch-opening. Switch opening will sim 
ply rotate the output member 81, the spring 80 and the 
spring-charging members 90 and 92 all as a unit, thus 
avoiding any significant charging of the spring 80. By 
having all of these parts rotate as a unit during switch 
opening, we are able to use a simple non-collapsible 
linkage (83) between the switch 60 and the closing 
Spring 80 inasmuch as it is unnecessary to free this 
linkage from the closing spring during a switch-opening 
operation. 

It is to be understood that the closing spring 80 is 
preferably of such a construction that after it has been 
released to effect one switch-closing operation, no sig 
nificant amount of energy remains stored therein. The 
presence of the booster arrangement 140 makes it pos 
sible to design the spring 80 so that no energy remains 
stored therein since it is the booster arrangement 40 
rather than the closing spring 80 that supplies the clos 
ing energy during the final portion of the switch-closing 
stroke. Since no energy remains in the spring 80 after 
completion of a closing operation, then it follows that 
when the holding pawl i06 is released prior to initiation 
of a switch-opening operation, the closing spring 80 
exerts no substantial force tending to rotate the ratchet 
wheel 92 in a clockwise direction. There is a reset 
spring 190 provided to aid in returning the ratchet 
wheel 92 clockwise to its initial position of Fig. 2, and 
to aid thereafter in holding the ratchet wheel in its po 
sition of Fig. 2, but this spring is incapable of return 
ing the ratchet wheel without the assistance of the switch 
operating handle 93 during the previously-described 
switch-opening operation. In this latter regard, after the 
holding pawl 106 has been released, the charging pawl 
98 remains in this position of Fig. 4. For the ratchet 
wheel to move clockwise under the influence of reset 
spring 190, it would have to force charging crank 96 
in a counterclockwise direction about the axis of its 
shaft 95. This would be prevented by the engagement 
of the cams 18i and 182 inasmuch as cam 181 is cou 
pled to the shaft 95. Only when the handle 93 is lifted 
to effect switch-opening would the restraint of the charg 
ing pawl 98 be removed to allow the ratchet wheel to 
be returned to its initial position of Fig. 2. Thus, it 
will be apparent that movement of the interlock bar 
161 into its "open” position releases the holding pawl 
106 but does not cause the ratchet wheel 92 to be reset 
from its position of Fig. 4. A switch-opening opera 
tion is a prerequisite to reset of the ratchet wheel 92 
to its position of Fig. 2. This feature of the mecha 
nism is relied upon in connection with an additional 
interlock feature which will soon be pointed out. 
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The interrelationship of the switch and the fuse 

In the disclosed switch-fuse combination, the operat 
ing mechanism 70 is capable of closing the switch 60 
against currents greatly in excess of those which the 
switch is capable of interrupting upon opening. Cur 
rents which the switch is incapable of interrupting are 
interrupted by the fuse 54 connected in series with this 
switch. From a safety viewpoint, it is most important 
that only the fuse and not the switch be utilized for 
attempted interruption of currents in excess of the Switch 
interrupting capacity. 
The only occasion upon which this requirement pre 

sents a real problem is immediately after the switch is 
closed. If the attendant realizes that he has closed the 
switch upon a faulted or overloaded line, he might at 
tempt to open the switch before the fuse has had a 
chance to operate. To preclude such attempted switch 
openings, we have provided means including a timing 
device 200 which blocks switch-opening operations for 
a period of time at least equal to the time required for 
the fuse to interrupt currents slightly in excess of the 
interrupting capacity of the Switch. Since higher cur 
rents are interrupted by the fuse in a shorter time, this 
time delay is sufficiently long to assure that switch 
opening will not take place during such higher currents, 
as well as during slight overloads. 

Referring to the detailed cross-sectional view of Fig. 7, 
the timing device 206 is preferably of the dashpot-type 
and comprises a liquid-filled stationary cylinder 201 and 
a movable piston 202 coupled to the closure initiating 
member 20. The liquid within the dashpot offers no 
significant resistance to movement of the closure-initiat 
ing member 120 to the right, i.e., in a latch-releasing 
direction, but retards return movement of the closure 
initiating member 20 to its normal position of Figs. 2, 
3 and 7. With regard to movement of the closure-initiat 
ing member 120 to the right, a check valve 204 provided 
in the piston allows liquid to flow freely from the right 
hand to the left hand side of the piston 232, thus pre 
venting retardation of the piston by the liquid. When 
the piston is returned to the left to its initial position, no 
flow can take place through the check valve 264, and 
the piston speed is governed primarily by the rate at 
which liquid can be forced through a small metering 
passage 205 provided in the piston 292. This metering 
passage is so dimensioned that the time required for the 
closure-initiating member 120 to return to its initial 
position under the influence of a suitable resetting spring 
207 is at least equal to the time required for the fuse 54 
to interrupt currents slightly in excess of the interrupting 
capacity of the switch. In one typical switch-fuse com 
bination, this time is about 30 seconds. 
The manner in which the timing device 250 acts to 

block a switch-opening operation after switch-closing 
can be best described by referring to Fig. 2. When the 
interlock bar 161 is in its position of Fig. 2, it will be 
apparent that the enlarged portion of a keyhole shaped 
opening 216 formed in the interlock bar 163 aligns with 
the cylindrical closure-initiating device 20. As a re 
sult, the interlock bar 161 when in the position of Fig. 2 
will allow the closure-initiating device 128) to be pulled 
to the right. ASSume that the main spring has been fully 
charged as shown in Fig. 3, and that the closure-initiating 
member 120 is then pulled to the right from its position 
of Figs. 2 and 3. This will effect switch-closing and 
will also position the enlarged cylindrical portion of 
closure-initiating member 120 in the enlarged portion of 
the keyhole slot 210. So long as the enlarged portion of 
closure-initiating member 120 is so positioned, the clo 
sure-initiating member 26 will act to block movement of 
the interlock bar 161 to the left, due to the fact that 
the width of the restricted portion of the keyhole slot 
210 is less than the diameter of the enlarged cylindrical 
portion of the closure-initiating member 120. Thus, dur 
ing this interval an operator Seeking to turn the handle 
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62 to the “open” position would find motion of the 

handle to be blocked. Only after the resetting spring 
207 had returned the closure-initiating member 120 ap 
proximately to its initial position, would the interlock 
bar 161 be allowed to move to the left. Since movement 
of the interlock bar to the left into its "open' position 
is a necessary prerequisite to a Switch-opening operation, 
as has been previously described, it will be apparent that 
switch-opening will be precluded after Switch-closing for 
at least the period required for the closure-initiating mem 
ber 120 to be moved toward its initial position out of 
blocking engagement with the interlock bar 56. Since 
this period is sufficiently long to allow the fuse to oper 
ate even for currents slightly in excess of the Switch 
interrupting capacity, it will be apparent that switch 
opening is blocked for a sufficiently long interval after 
switch-closing to assure fuse operation for such excess 
CurrentS. 

If it be assumed that the interlock bar 161 has been 
shifted to its "open” position upon expiration of the 
required time interval after closing and that a Switch 
opening operation has then been initiated by appropri 
ate operation of the handle 93, then it should be ap 
parent that another closing operation cannot be initiated 
until the interlock bar 161 is returned to its "close and 
charge' position. It is only after the interlock bar 161 
has been so returned that the closing spring 80 can again 
be charged and the closure-initiating member 120 can 
again be pulled to the right from its position of Fig. 3 to 
initiate switch-closure. It should also be apparent that 
to initiate another switch-opening operation, the inter 
lock bar 161 would have to be again shifted to its "open” 
position, and this would necessitate waiting for the re 
quired time interval after closing before such shifting 
could be effected. 
Interlock features relative to rack-out of the removable 

switchgear assembly 
When the switchgear assembly 11 is being racked out 

of or into its fully connected position of Fig. 1, it is im 
portant that the switch then be in open position, so as 
to avoid establishing possibly damaging arcs between the 
disconnect contacts 15 and ió. It is also important that 
the closing spring 80 be discharged before the switch 
gear assembly 11 is withdrawn from its enclosure i0, so 
as to avoid the possibility of possibly-hazardous acci 
dental discharge of the spring 80 during maintenance 
or repair. We prefer also that the spring 80 be dis 
charged whenever the switch is near its connected posi 
tion so as to insure against establishment of a power 
circuit through the switch as a result of possible accidental 
spring-discharge and resultant switch-closing. 
With a view toward Satisfying these requirements, the 

interlock bar 161 is so constructed that it blocks access 
to the racking jack screw 26 whenever the switch is closed 
and whenever the closing spring 80 is charged. This 
can be best understood by referring to Fig. 2, where 
the jack screw is shown schematically at 26 and the in 
terlock bar 161 is shown with an opening 215 through 
which the jack screw operating tool must be inserted in 
order to apply the tool to the jackscrew. When the in 
terlock bar 161 is in its "close and charge” position, 
shown in Fig. 2, the opening 215 is out of alignment 
with the jack screw 26, and it is therefore not possible 
to apply the tool to the jackscrew. When the interlock 
bar is in its "open' position, the opening 215 is still out 
of alignment with the jackscrew 26, and it is therefore 
still not possible to apply the tool to the jackscrew. It 
is only when the interlock bar 161 has been shifted into 
its “rack' position (indicated in Fig. 2 by the position 
of handle 162) that the opening 215 aligns with the jack 
Screw 26 and allows the jackscrew operating tool to be 
applied thereto. 

Necessary prerequisites for shifting the interlock bar 
161 into its "rack” position are that the spring 80 be 
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discharged and that the switch 60 be open. Thus, it will 
be apparent that only when the spring 80 is discharged 
and the switch 60 is open can the switchgear assembly 
be racked into and out of its fully-connected position. 
With regard to these necessary prerequisites to shift 

ing of the interlock bar 161 into its "rack' position, as 
Sume first that the switch 60 is still open but that the 
spring 80 is charged (as depicted in Fig. 3) when the 
attendant shifts the interlock bar 16 from its "ciose and 
charge' position of Fig. 2 to its "open' position. in re 
sponse to such shifting, the cam surface 171 on the in 
terlock bar 16; will release the holding pawl 106 and 
will thus cause the spring 80 to discharge at its rear end, 
resetting the ratchet wheel 92 from its position of Fig. 3 
to its position of Fig. 2. The switch then being open 
and the spring 80 then being discharged, the interlock 
bar 61 can be further shifted to the left into its "rack' 
position so as to allow for racking the Switchgear assem 
bly out of its fully-connected position of Fig. 1. It will 
be apparent that releasing the holding pawl 106 in this 
manner makes it possible to discharge the spring without 
the necessity of closing the switch. 

Instead of assuming that the switch is open when the 
above-described shifting of the interlock bar 161 from 
its "close and charge' position to its "open' position is 
effected, assume that the switch is closed. The cam sur 
face 171 on the interlock bar 164 will once again release 
the holding pawl 106 in response to movement of the 
interlock bar 61 leftward into its "open' position but 
this will not cause the switch 60 to open or will not 
cause the ratchet wheel to reset. With regard to the fail 
ure of the ratchet wheel to reset under these conditions, 
it will be recalled that tripping of the holding pawl 106 
when the closing spring 80 is discharged causes no re 
setting movement of the ratchet wheel 92 because sub 
stantially no energy remains in the closing spring 80 and 
because the charging crank, then being in its position of 
Fig. 3, will preclude clockwise resetting motion of the 
ratchet wheel under the influence of light resetting spring 
190. As a result, the interlock bar 161 cannot be moved 
past its "open' position toward the "rack' position so 
long as the switch is closed because the ratchet wheel 
92 blocks movement of the interlock bar 161 so long as 
the ratchet wheel 92 is out of its reset position. This 
blocking relationship is illustrated in Fig. 4 where the 
ratchet wheel is shown abutting a shoulder 220 formed 
on a projecting arm 225 integral with the interlock bar 
161. Only when the ratchet wheel 92 has been returned 
to its reset position of Fig. 2 or Fig. 2a, is it possible to 
move the shoulder 220 of the interlock bar 161 to the 
left past the ratchet wheel 92. This is the case because 
it is only when the ratchet wheel has been reset that the 
shoulder 220 aligns with the large cutout 222 in the 
ratchet wheel. This condition of alignment is best shown 
in Fig. 2a. Such alignment is required in order to per 
mit movement of the interlock bar 16 to the left past 
the "open” position. Since the ratchet wheel resets only 
in response to switch-opening, it will therefore be ap 
parent that the interlock bar 161 cannot be shifted into 
its "rack' position until the switch is open. Since such 
shifting is a prerequisite to racking-out of the switch, 
it will be apparent that only when the switch is open can 
the switchgear assembly be racked-out. 

It will be noted from Figs. 2 and 2a that the interlock 
bar 161 cooperates with an interference angle member 
226 carried by the internal sidewall of the enclosure 10. 
The presence of this interference member 226 makes it 
necessary that the interlock member 161 be in its “rack' 
position before the Switchgear assembly can be moved 
out of its fully-connected position or through any travel 
near its fully-connected position. Only when the inter 
lock bar 161 is moved into its “rack' position does the 
interlock bar 161 clear the interference member 226, and 
only when this clearance is established, is it possible to 
move the Switch-gear assembly out of its fully-connected 
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position or through travel in the immediate vicinity of 
the fully-connected position. During a racking-in oper 
ation, if the Switchgear assembly is only partially racked 
into its fully-connected position, the interference mem 
ber 226 will block shifting of the interlock bar 61 to 
the right into either its "open" or "close and charge po 
sitions, and, thus, will prevent charging of the spring and 
Switch-closing operation while the switchgear assembly 
is so positioned. Only when the switchgear assembly has 
been moved into its fully-connected position (or has been 
Withdrawn to a point wherein the disconnect contacts 15 
and 16 are safely spaced from an electrical clearance 
viewpoint) does the interference member 226 allow the 
interlock bar 61 to be shifted into its “open or its 
"close and charge” positions. 
While we have described our switch and switch-operat. 

ing mechanism in connection with a switch-fuse assembly, 
it is to be understood that certain aspects of the inven 
tion are equally applicable to other forms of switchgear, 
for example, Switchgear containing a switch only and no 
power fuses. 
While we have shown and described a particular em 

bodiment of our invention, it will be obvious to those 
skilled in the art that various changes and modifications 
may be made without departing from our invention in its 
broader aspects and we, therefore, intend in the appended 
claims to cover all such changes and modifications as 
fall within the true spirit and scope of our invention. 
What We claim as new and desire to secure by Letters 

Patent of the United States is: 
1. Switchgear apparatus comprising an electric switch 

which is capable of interrupting currents only up to a 
predetermined value, an electric fuse connected in series 
with said Switch and being automatically operable to inter 
rupt currents in excess of said predetermined value which 
said Switch is incapable of interrupting, said fuse requir 
ing a predetermined interval of time to effect interruption 
of currents slightly exceeding said predetermined value 
once said predetermined value is exceeded, means for 
closing Said Switch even against currents greatly in excess 
of Said predetermined value, manually-controlled means 
for opening said Switch, said switch-protective means for 
disabling said manually-controlled switch-opening means 
after completion of a switch-closing operation for a period 
of time exceeding said predetermined interval, whereby 
to assure operation of said fuse in the event that said 
Switch is closed against a sustained current in excess of 
Said predetermined value. 

2. Switchgear apparatus comprising an electric switch 
which is capable of interrupting currents only up to a 
predetermined value, an electric fuse connected in series 
with said Switch and being automatically operable to inter 
rupt currents in excess of said predetermined value which 
Said Switch is incapable of interrupting, said fuse requir 
ing a predetermined interval of time to effect interruption 
of currents slightly exceeding said predetermined value 
once said predetermined value is exceeded, means for 
closing said Switch even against currents greatly in excess 
(of Said predetermined value, manually-controlled means 
for opening said Switch comprising a component that is 
inantually-actuable to initiate a switch-opening operation, 
interference means for blocking switch-opening operation 
of Said manually-actuable component, means responsive 
to initiating of Switch-closing action for maintaining said 
interference means in blocking relationship relative to 
Said manually-actuable component for a period of time 
after Switch-closing exceeding said predetermined inter 
val, whereby to assure operation of said fuse in the event 
that said Switch is closed against a sustained current in. 
excess of said predetermined value. 

3. Switchgear apparatus comprising a movable switch 
member, a chargeable helical spring coupled to said switch. 
member and releasable at one end to drive said switch 
member toward closed position, a rotatable member cou 
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charge said spring, a pivotally-mounted handle, means 
including a unidirectional drive connection between said 
handle and said spring-charging member for progressively 
rotating said spring-charging member to charge said 
spring in response to repetitive oscillations of said handle, 
said unidirectional drive connection causing rotation of 
said Spring-charging member in response to motion of 
said handle in one direction but allowing said charging 
member to remain stationary during motion of said han 
dile in an opposite direction, means operable after said 
spring is charged to a predetermined energy level for re 
leasing said spring at said one end to effect closing of 
said switch member, switch-opening means connected be 
tween said handle and said switch member but inoperable 
to transmit forces from said handle to said switch mem 
ber during spring-charging oscillations of said handle, 
means responsive to switch-closing release of Said spring 
for rendering said switch-opening means operable to effect 
switch-opening in response to motion of said handle in 
said opposite direction. 

4. Switchgear apparatus comprising a movable switch 
member, a chargeable helical spring coupled to said Switch 
member and releasable at one end to drive said Switch 
member toward closed position, a rotatable member cou 
pled to the other end of said spring and rotatable to 
charge said spring, a pivotally-mounted handle arranged 
for oscillation between a normal and a displaced position, 
means including a unidirectional drive connection be 
tween said handle and said spring-charging member for 
progressively rotating said spring charging member in a 
spring-charging direction in response to repetitive oscilla 
tions of said handle, said unidirectional drive connection 
causing rotation of said spring-charging member in a 
spring-charging direction in response to movement of Said 
handle from said normal to said displaced position but 
allowing said charging member to remain stationary dur 
ing motion of said handle from said displaced to said 
normal position, means operable after said spring is 
charged to a predetermined energy level for releasing said 
spring at said one end to effect closing of Said switch 
member, switch-opening means connected between said 
handle and said switch member but inoperable to transmit 
forces from said handle to said switch member during 
spring-charging oscillations of said handle, means respon 
sive to switch-closing release of Said spring for rendering 
said switch-opening means operable to effect switch-open 
ing in response to motion of said handle from said dis 
placed toward said normal position, and means requiring 
said handle to be positioned generally in said displaced 
position as a prerequisite to switch-closing release of said 
spring, whereby said handle is in a position to initiate 
switch-opening after a switch-closing operation. 

5. Switchgear apparatus comprising a movable Switch 
member, a chargeable spring coupled to said Switch mem 
ber and releasable at one end to drive said Switch mem 
ber toward closed position, a spring member coupled to 
the other end of said spring and movable in a prede 
termined direction to charge said Spring, a pivotally 
mounted handle, means including a unidirectional drive 
connection between said handle and said spring charging 
member for notching said spring charging member In a 
spring-charging direction in response to repetitive oscil 
lations of said handle, said unidirectional drive connec 
tion causing motion of said spring-charging member in 
said predetermined direction in response to motion of 
said handle in one direction but allowing said spring 
charging member to remain stationary during motion of 
said handle in an opposite direction, means operable after 
a predetermined amount of spring charging for releasing 
said spring to effect closing of said switch member, Switch 
opening means comprising first and second power trans 
mitting members, means coupling said first power-trans 
mitting member to said handle and oscillating said first 
power-transmitting member in response to spring-charg 

pled to the other end of said spring and rotatable to 75 ing oscillations of said handle, means coupling said Sec 
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ond power-transmitting member to said spring at said 
other end thereof and acting to position said second 
power-transmitting member in a disabled position out of 
power-transmitting engagement with said first power 
transmitting member during spring-charging oscillations 
of said handle, said second power-transmitting member 
being shifted by switch-closing release of said spring into 
a position enabling said second power-transmitting mem 
ber to be engaged by said first power-transmitting mem 
ber, motion of said handle in said opposite direction after 
said shifting of said second power-transmitting member 
acting to cause said first power-transmitting member to 
drive said second power-transmitting member toward its 
disabled position, and means controlled by motion of 
said second power-transmitting member toward its dis 
abled position for driving said switch member toward 
open position. 

6. The apparatus of claim 5 in combination with 
means requiring said handle to be positioned near the 
end point of its motion in said one direction as a pre 
requisite to initiation of switch-closing release of said 
Spring, whereby said handle is in a position to initiate 
Switch-opening after a switch-closing operation. 

7. The apparatus of claim 5 in which positioning said 
handle near the end point of its motion in one direction 
locates said first power-transmitting member in a posi 
tion free from engagement with said second power-trans 
mitting member during shifting thereof in response to 
Switch-closing release of said spring, motion of said han 
dle in said opposite direction establishing engagement be 
tween said power-transmitting members and acting to 
drive said power-transmitting members in a direction to 
open said switch member. 

8. The apparatus of claim 7 in combination with means 
requiring said handle to be positioned near the end point 
of its motion in said one direction as a prerequisite to ini 
tiation of Switch-closing release of said spring, whereby 
to assure that said first power-transmitting member will 
not interfere with said second power-transmitting mem 
ber during closing of said switch member. 

9. Switchgear apparatus comprising a movable switch 
member, a chargeable switch-closing spring, means at one 
end of Said spring for holding said spring charged and 
operable to release said one end to allow said spring to 
discharge, means interconnecting said one end of the 
Spring and said Switch member for driving said switch 
member toward closed position in response to release of 
said Spring at said one end, a spring-charging member 
coupled to the other end of said spring and movable in 
to a predetermined position to charge said spring, re 
Straining means at said other end of the spring for hold 
ing said spring-charging member in a predetermined po 
sition while said spring is being released at said one 
end, release of said spring acting to drive said one end 
0f the Spring in a predetermined direction, means for 
moving said Switch member from a closed position to 
Ward an open position and for driving said one end of 
the Spring during switch-opening in a direction opposite 
to said predetermined direction, and means for releas 
ing. Said restraining means at said other end of the 
Spring prior to completion of a substantial portion of a 
Switch-opening operation so as to allow Switch-opening 
to take place without appreciably recharging said spring. 

10. Switchgear apparatus comprising a movable switch 
member, a chargeable switch-closing spring, means at 
One end of Said spring for holding said spring charged 
and operable to release said one end to allow said spring 
to discharge, means interconnecting said one end of the 
Spring and said switch member for driving said switch 
member toward closed position in response to release 
of Said spring at said one end, a spring-charging member 
coupled to the other end of said spring and movable into 
a predetermined position to charge said spring, restrain 
ing means at said other end of the spring for holding 
Said spring-charging member in a predetermined posi 
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tion while said spring is being released at said one end, 
release of said spring acting to drive said one end of the 
spring in a predetermined direction, means for moving 
said switch member from a closed position toward an 
open position and for driving said one end of the spring 
during switch-opening in a direction opposite to said pre 
determined direction, means for releasing said restrain 
ing means so as to cause said one end of the spring, said 
spring, and said spring-charging member to be driven as 
a unit in said opposite direction by a switch-opening op 
eration, aild means requiring release of said restraining 
means as a prerequisite to initiation of a switch-opening 
operation. 

11. Switchgear, apparatus comprising an enclosure, a 
Switchgear unit movable into and out of a connected po 
sition within said enclosure, said switchgear unit com 
prising a movable switch member, a chargeable switch 
closing Spring, means at one end of said spring for hold 
ing said spring charged and operable to release said one 
end to allow said spring to discharge, means intercon 
necting said one end of the spring and said switch mem 
ber for driving said switch member toward closed posi 
tion in response to release of said spring at said one end, 
a spring-charging member coupled to the other end of 
Said spring and movable from an initial position into an 
other position to charge said spring, restraining means at 
said other end of the spring for holding said spring-charg 
ing member in said other position while said spring is be 
ing released at said one end and while said switch mem 
ber is being closed, release of said spring acting to drive 
said one end of the spring in a predetermined direction, 
means for moving said switch member from a closed po 
sition toward an open position and for driving said one 
end of the spring during switch-opening in a direction op 
posite to said predetermined direction, means for releas 
ing said restraining means prior to completion of a switch 
opening operation so as to cause said spring-charging 
member to be returned to approximately its initial posi 
tion by forces transmitted through said spring during a 
Switch-opening operation, interference means sensitive to 
the p-sition of said spring-charging member for blocking 
movement of said switchgear unit out of its connected 
position until said charging member has been returned to 
approximately its initial position and thereafter allowing 
movement of said Switchgear unit out of its connected 
position. 

12. The apparatus of claim 11 in combination with 
means precluding return of said spring-charging member 
to its initial position while said switch is closed. 

13. The apparatus of claim 11 in combination with 
means requiring that a predetermined amount of energy 
be stored in said spring as a prerequisite to initiation of 
a Switch-clesing operation, a single switch-closing opera 
tion extracting from said spring substantially said prede 
termined amount of energy so that substantially no energy 
is stored in said spring upon the completion of said 
Switch-closing operation, thereby preventing said spring 
after a Switch-closing operation from returning said spring. 
charging member to said initial position upon release of 
said restraining means, thus necessitating a switch-opening 
operation to effect said return. 

14. The apparatus of claim 13 in combination with a 
booster arrangement automatically operable near the end 
of a Switch-closing operation to supply added closing 
power to said switch member. 

15. Switchgear apparatus comprising an enclosure, a 
Switchgear unit movable into and out of a fully-connected 
position within said enclosure, racking means connected 
to said Switchgear unit for driving said unit into and out 
of said fully-connected position, said switchgear unit com 
prising a Switch including a movable switch member, 
Switch-closing means comprising a chargeable switch-clos 
ing Spring, closure-initiating means at one end of said 
Spring for holding said spring charged and operable un 
der predetermined conditions to release said one end to 
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allow said spring to discharge in a switch-closing direc 
tion, means interconnecting said one end of said spring 
and said switch member for driving said switch member 
into closed position in response to release of said spring 
at said one end, a spring-charging member coupled to 
the other end of said spring and movable through pre 
determined positions to charge said spring, restraining 
means at said other end of the spring normally operable 
to hold said spring-charging member in positions where 
in said spring is charged, switch-opening means for open 
ing said switch and for driving said one end of the spring 
during switch-opening in a direction opposite to said 
switch-closing direction, interlock means comprising in 
terlock-controlling structure having three spaced-apart 
positions; said interlock means operating when said con 
trolling structure is in a first one of said positions to al 
low operation of said racking means, to block operation 
of said closure-initiating means, and to disable said re 
straining means; said interlock means acting when said 
controlling structure is in a second one of said positions 
to block operation of said racking means, to allow said 
restraining means to be operable so that said spring can 
be charged, and to allow operation of said closure-initiat 
ing means so that said spring can be discharged to close 
said switch; said interlock means acting to prevent switch 
opening operation of said switch-opening means whenever 
said interlock-controlling structure is displaced from a 
third one of said positions and responsive to movement 
of said interlock-controlling structure into said third po 
sition to render said switch-opening means operable to 
effect Switch-opening, said interlock means blocking op 
eration of said racking means when said controlling struc 
ture is in said third position. 

16. The switchgear apparatus of claim 15 in combina 
tion with means sensitive to the position of said switch 
gear unit for blocking movement of said interlock-con 
trolling structure out of said first position whenever said 
Switchgear unit is displaced from but is near its fully 
connected position. 

17. The apparatus of claim 15 in which said interlock 
means operates when said interlock-controlling structure 
is in said third position to disable said restraining means 
so that Switch-opening can take place without appreciably 
charging said spring. 

18. The apparatus of claim 15 in which said switch 
is capable of interrupting currents only up to a predeter 
mined value, an electric fuse connected in series with 
said Switch and being automatically operable to interrupt 
currents in excess of said predetermined value which said 
Switch is incapable of interrupting, said fuse requiring a 
predetermined interval of time to effect interruption of 
Currents slightly exceeding said predetermined value once 
said predetermined value has been exceeded, said switch 
closing means being capable of closing said switch even 
against currents greatly exceeding said predetermined 
value, and means including a timer for blocking move 
ment of Said interlock-controlling structure from said 
Second to Said third position after operation of said clos 
ure-initiating means for a period of time exceeding said 
predetermined interval. 

19. Switchgear apparatus comprising an enclosure, a 
Switchgear unit movable into and out of a fully-connected 
position within said enclosure, racking means connected 
to said Switchgear unit for driving said unit into and out 
of said fully-connected position, said switchgear unit 
comprising a Switch including a movable switch member, 
switch-closing means comprising a chargeable switch 
closing spring, closure-initiating means at one end of said 
spring for holding said spring charged and operable under 
predetermined conditions to release said one end to allow 
said spring to discharge in a switch-closing direction, 
means interconnecting said one end of said spring and 
said switch member for driving said switch member into 
closed position in response to release of said spring at 
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other end of said spring and movable through predeter 
mined positions to charge said Spring, restraining means 
at said other end of the spring normally operable to hold 
said spring-charging member in positions wherein Said 
spring is charged, interlock means comprising interlock 
controlling structure having at least two Spaced-apart 
positions; said interlock means operating when said con 
trolling structure is in a first one of said positions to 
allow operation of Said racking means, to block opera 
tion of said closure-initiating means, and to disable said 
restraining means; said interlock means acting when said 
controlling structure is in a second one of Said positions 
to block operation of said racking means, to allow said 
restraining means to be operable So that said Spring can 
be charged, and to allow operation of said closure-initiat 
ing means so that said spring can be discharged to close 
said switch; movement of said interlock-controlling struc 
ture from said second to said first position causing said 
spring, if then charged, to discharge at Said other end 
upon disablement of said restraining means. 

20. The apparatus of claim 19 in combination with 
means sensitive to the position of said Switchgear unit 
for blocking movement of said interlock-controlling struc 
ture into said second position whenever said Switchgear 
unit is displaced from but is near its fully-connected 
position. 

21. The apparatus of claim 19 in combination with 
switch-opening means for opening said Switch and in 
which said interlock-controlling structure has a third 
position spaced from said other two positions; said inter 
lock means acting to prevent switch-opening operation 
of said switch-opening means whenever said interlock 
controlling structure is displaced from said third position 
and responsive to movement of said interlock-controlling 
structure into said third position to render said Switch 
opening means operable to effect Switch-opening, said 
interlock means blocking operation of Said racking means 
when said controlling structure is in said third position. 

22. The apparatus of claim 21 in which said third 
position is located between said first and second positions 
and in which movement of said interlock-controlling 
structure from said second to said third position disables 
said restraining means and causes said spring, if then 
charged, to discharge at said other end. 

23. Switchgear apparatus comprising an electric Switch 
which is capable of interrupting currents only up to a 
predetermined value, an electric fuse connected in Series 
with said switch and being automatically operable to 
interrupt currents in excess of said predetermined value 
which said switch is incapable of interrupting, said fuse 
requiring a predetermined interval of time to effect inter 
ruption of currents slightly exceeding said predetermined 
value once said predetermined value has been exceeded, 
means for closing said switch even against currents greatly 
in excess of said predetermined value, manually-con 
trolled means for opening said switch, interlock means 
comprising interlock-controlling structure having first and 
second spaced-apart positions, said interlock means op 
erating when said controlling structure is in said first 
position to preclude a switch-closing operation but to 
allow operation of said manually-controlled Switch-open 
ing means to effect switch-opening; said interlock means 
acting to prevent operation of said Switch-opening means 
whenever said interlock-controiling structure is displaced 
from said first position, said interlock means allowing 
operation of said closure-initiating means to effect Switch 
closing when said interlock-controlling structure is in Said 
second position, and means including a timer for block 
ing movement of said interlock-controlling structure from 
said second to said first position for a period of time 
after operation of said closure-initiating means exceeding 
said predetermined interval. 

24. Switchgear apparatus comprising a movable Switch 
member, a chargeable helical spring, a rotatable output 

said one end, a spring-charging member coupled to the 75 member coupled to said spring at one end thereof, latch 
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means for restraining said output member to hold said 
spring charged and operable to release said output mem 
ber to allow said spring to discharge, means intercon 
necting said output member and said switch member 
for driving said switch member toward closed position 
in response to discharge of said spring, a rotatable spring 
charging member collinear with said output member and 
movable into a predetermined angular position to charge 
said spring sufficiently to enable said spring to close the 
switch member against overload currents, a latch-releas 
ing shaft coupled to said latch means and extending along 
the length of said helical spring between said latch means 
and said spring-charging member, an arm coupled to said 
latch-releasing shaft and abutting against a peripheral 
portion of said spring-charging member to block latch 
releasing motion of said shaft so long as said spring 
charging member is displaced from said predetermined 
position, and a recess in the peripheral portion of said 
Spring-charging member for rendering said arm incapa 
ble of blocking latch-releasing motion of said shaft when 
said recess registers with said arm, said recess being 
located to register with said arm when said spring-charg 
ing member has moved into said predetermined position. 

25. Switchgear apparatus comprising an enclosure, a 
removable switchgear unit movable into and out of a 
fully-connected position within said enclosure, means for 
driving said unit into and out of said fully-connected 
position, said Switchgear unit comprising a switch includ 
ing a movable Switch member, switch-closing means 
comprising a chargeable switch-closing spring, closure 
initiating means at one end of said spring for holding 
said spring charged and operable under predetermined 
conditions to release said one end to allow said spring 
to discharge in a Switch-closing direction, means inter 
connecting said one end of said spring and said switch 
member for driving said switch member, into closed posi 
tion in response to release of said spring at said one end, 
a Spring-charging member coupled to the other end of 
said Spring and movable through predetermined posi 
tions to charge said spring, restraining means at said 
other end of the spring normally operable to hold said 
spring-charging member in positions wherein said spring 
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is charged, interlock means comprising interlock-con 
trolling structure having at least two spaced-apart posi 
tions; said interlock means operating when said con 
trolling structure is in a first one of said positions to 
allow said switchgear unit to be withdrawn from said 
enclosure and to disable said restraining means; said 
interlock means acting when said controlling structure 
is in a second one of said positions to prevent with 
drawal of said Switchgear unit from said enclosure, to 
aliow said restraining means to be operable so that said 
Spring can be charged, and to allow operation of said 
closure-initiating means so that said spring can be dis 
charged to close said switch; movement of said interlock 
controlling structure from said second to said first posi 
tion causing said spring, if then charged, to discharge 
at said other end upon disablement of said restraining 
leaS. 

26. In combination: a relatively stationary enclosure; 
a removable switchgear unit comprising a switch and a 
Stored-energy closing device which is dischargeable to 
close said switch, said removable switchgear unit being 
disposed for reciprocating movement into and out of 
Said enclosure; means for imparting said reciprocating 
movement to the removable unit; and interlock means 
comprising movable interlock-controlling structure nor 
mally disposed to block movement of said removable 
unit completely out of said enclosure, manually-operable 
actuating means for moving said interlock-controlling 
structure in a manner to unblock said removable switch 
gear unit, and means associated with said closing device 
and controlled by said actuating means for discharging 
said closing device upon operation of said actuating 
eanS. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,224,880 Kries ------------------ May 1, 1917 
2, 117, 130 Ashdown et al. ---------- May 10, 1938 
2,427, 181 Baskerville et al. -------- Sept. 9, 1947 
2,720,565 Diggle et al. ------------ Oct. 11, 1955 
2,769,874 Coggeshall et al. --------- Nov. 6, 1956 
2,781,427 Rudolph --------------- Feb. 12, 1957 


