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57 ABSTRACT 
A vacuum type circuit interrupter having a main arc 
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ing shield, surrounding the contacts, which is provided 
with arc inhibiting means preventing migration of the 
arc root along the external surface of the main arcing 
shield. In one embodiment of the invention an insulat 
ing coating is applied to the external surface of the 
main arcing shield to prevent arc movement. In an 
other embodiment auxiliary end shields, which are 
supported from the main arcing shield, are disposed 
around the free ends of the main arcing shield pre 
venting arc movement to the outer surface of the main 
arcing shield. Auxiliary end shields can either be di 
rectly attached to the main arcing shield or connected 
to the main arcing shield through insulating members. 
In another embodiment of the invention the main arc 
ing shield, generally tubular shaped, has a circumfer 
ential groove formed around the main arcing shield 
near the end. This groove which can be either in 
wardly projecting or outwardly projecting with respect 
to the longitudinal axis of the vacuum interrupter lim 
its migration of an arc from traveling along the outside 
surface of the main arcing shield. The various arc in 
hibiting means described can be used singly or in com 
bination to restrict arc movement. 

16 Claims, 5 Drawing Figures 
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3,889,080 
WACUUM INTERRUPTER SHIELD PROTECTOR 

BACKGROUND OF THE INVENTION 

This invention relates to vacuum type circuit inter 
rupters and more particularly to an improved construc 
tion of the main arcing shield. In the usual vacuum type 
circuit interrupter an envelope or housing fabricated 
from a suitable insulating material such as glass, ce 
ramic or the like forms a vacuum chamber in which a 
pair of separable contacts or electrodes are disposed. 
In the closed position direct electrical connection exists 
between the contacts of the interrupter and a continu 
ous current path is established through the interrupter. 
In the open circuit position the contacts are spaced 
apart forming an arcing gap and no current can flow 
therebetween. During operation current interruption is 
initiated by separating the contacts. When the contacts 
separate an arc is formed across the arcing gap. The arc 
vaporizes a portion of the metallic contact material and 
these particles become ionized to help sustain the arc 
through which current flows until a natural current 
zero is reached. After the current zero point has been 
reached, recovery voltage transients begin building up 
between the separated contacts. If the dielectric 
strength of the gap is sufficiently strong to withstand 
the recovery voltage transients, breakdown will not oc 
cur, the arc will not reignite and circuit interruption 
will be complete. If the internal insulating surfaces of 
the vacuum interrupter are not protected, the metallic 
vapors and particles formed during arcing will con 
dense on the internal surfaces and form a metallic coat 
ing. After a number of interruptions a metallic coating 
will form a shorting path and cause the interrupter to 
fail. To protect the insulating surfaces of the vacuum 
interrupter it is customary to provide a main metallic 
shield located between the insulating surfaces and the 
arc formed during interruption. This main metallic 
shield is either fixed to one end cap of the interrupter 
or it is supported by the insulating wall as exemplified 
by U.S. Pat. No. 3,185,860. Most of the metallic vapor 
then condenses on the shielding surfaces before reach 
ing the insulating surfaces of the vacuum interrupter. 
This shielding thus collects the particles and condenses 
the metallic vapor given off from the electrodes during 
arcing, protecting the insulating envelope or housing of 
the circuit interrupter. 
During operation it is desirable that any arc gener 

ated during interruption should be confined to the elec 
trode or contact and not come into contact with the 
metal shielding. Due to the confined space in the vac 
uum interrupter there is a possibility, however, that the 
arc will strike the shielding. The main function of the 
central arcing shield in the vacuum interrupter is to 
prevent metallic vapors from settling on the surface of 
the insulating envelope. However, it has been found 
that cathode spots formed during arcing to the shield 
can travel along a shield surface, surmount the edge 
and form a discharge on the outside of the main metal 
lic shield, depositing a conducting layer of metal vapor 
on the internal surface of the insulating envelope. Past 
experience has shown that cathode spot traces on the 
outside of the central floating shield are found regularly 
in interrupters having a single floating shield. If the arc 
formed during interruption contacts this shielding it is 
desirable that the arc which does occur be confined to 
the inside of the main arcing shield surface facing away 
from the insulating envelope. If cathode spots travel to 
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the outside of the main shield and these surfaces face 
the insulating surface of the vacuum interrupter, metal 
vapors sputtered from the cathode spots will be depos 
ited on the insulating envelope and eventual interrupter 
failure will result. 

SUMMARY OF THE INVENTION 
A vacuum type circuit interrupter comprising an in 

sulating envelope generally tubular in shape, two me 
tallic end caps mounted on opposite ends of the insulat 
ing envelope in sealing relationship, a stationary 
contact assembly, a movable contact assembly with the 
contact movable along the longitudinal axis of the insu 
lating envelope into and out of engagement of the sta 
tionary contact, and a main shield having a general tu 
bular shape and being constructed to confine any arc 
formed during circuit interruption to the inside of the 
shielding surface facing away from the insulating enve 
lope. Pressure within the insulating envelope under 
normal conditions is lower than 10 Torr to assure that 
the mean free path for electron travel will be long with 
respect to the potential breakdown distance within the 
envelope. 

In one embodiment of the invention auxiliary shields 
which are supported from the main arcing shield by an 
annular insulating member are provided surrounding 
the free ends of the main arcing shield. This construc 
tion can simulates three floating shields as exemplified 
by U.S. Pat. No. 3,792,214 to R. E. Voshall which has 
been found to be very effective in containing cathode 
spots within the main arcing shield. 

In another embodiment auxiliary shields which are 
electrically connected and supported from the main 
arcing shield are provided surrounding the ends of the 
main arcing shield. The auxiliary shields can extend 
past the end of the arcing shield, be even with the end 
of the arcing shield, or be recessed from the end of the 
arcing shield. Such auxiliary shields will catch the 
vapor from the cathode spots which have traveled to 
the outside of the main shield. By field shaping these 
auxiliary shields may also prevent cathode spots from 
moving to the outside of the main arcing shield. 

In another embodiment a portion of the outside sur 
face of the main arcing shield is coated with an insulat 
ing material. Insulating material extends to the outside 
end of the main arcing shield. The insulating material 
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can be applied in a band around the outside surface of 
the end of the main arcing shield only. Due to heat dis 
sipation and ease of application a thin insulating coat 
ing is superior to a thick insulating member surround 
ing a portion of the main arcing shield. This insulating 
coating would preclude a migration of cathode spots to 
the outside of the main arcing shield as they will only 
burn on electrically conducting surfaces. 

In another embodiment of the invention circumfer 
ential grooves are formed around the main arcing 
shield near the ends. That is, the ends of the main arc 
ing shield are contoured to form a groove which will in 
hibit arc movement. The groove formed near the end 
of the main arcing shield can either face toward the 
longitudinal axis of the vacuum interrupter or away 
from the longitudinal axis of the vacuum interrupter. 
Experience with grooves on electrodes has shown them 
to be very effective in confining the cathode spots to a 
desired region of the electrode surface. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention reference 
may be had to the preferred embodiment exemplary of 
the invention shown in the accompanying drawings in 
which: 
FIG. 1 is a sectional view of a vacuum circuit inter 

rupter comprising a main arcing shield illustrating one 
embodiment of the present invention; 
FIG. 2 is a sectional view of a vacuum interrupter 

similar to FIG. 1, but with the auxiliary end shields 
electrically connected to the main arcing shield; 
FIG. 3 is a sectional view of a vacuum interrupter 

having a main arcing shield utilizing another embodi 
ment of the present invention; 
FIG. 4 is a sectional view of a vacuum interrupter 

having a main arcing shield utilizing another embodi 
ment of the invention; and 
FIG. 5 is a sectional view of a vacuum interrupter 

similar to FIG. 4, but with outward projecting circum 
ferential grooves near the ends of the main arcing 
shield. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings there is shown a vac 
uum type circuit interrupter 10. The vacuum circuit in 
terrupter 10 comprises a highly evacuated tubular en 
velope 12 formed from glass or suitable ceramic mate 
rial and a pair of metallic end caps 14 and 16 closing 
off the end of the insulating envelope 12. Suitable seal 
means 24 are provided between the end caps 14 and 16 
and the insulating envelope 12 to render the inside of 
the insulating envelope 12 vacuum tight. The pressure 
within the insulating envelope 12 under normal condi 
tions is lower than 10 Torr to insure that the mean 
free path for electrons will be longer than the potential 
breakdown path within the envelope 12. Located 
within the insulating envelope 12 are a pair of relatively 
movable electrodes or contacts 18 and 20. When the 
contacts 18 and 20 are separated there is formed an 
arcing gap there-between. The upper contact 18 is a 
stationary contact secured to a conducting rod 32 by 
suitable means such as welding or brazing. The con 
ducting rod 32 is rigidly joined to the stationary end 
cap 14 by suitable means such as welding or brazing. 
The lower contact 20 is a movable contact and is joined 
to a conductive operating rod 34. The operating rod 34 
is suitably mounted for movement along the longitudi 
nal axis of the insulating envelope 12. The operating 
rod 34 projects through an opening 36 through bellows 
end cap 16 as shown. A metal bellows 38 is secured in 
sealing relationship at its respective opposite ends to 
the operating rods 34 and to the bellows end cap. 16. 
Flexible metallic bellows 38 provides a seal about the 
operating rod 34 to allow for movement of the operat 
ling rod 34 without impairing the vacuum within the in 
sulating envelope 12. 
Coupled to the lower end of the operating rod 34 is 

a suitable actuating means (not shown) provided for 
driving the movable contact 20 upward into engage 
ment with the stationary contact 18 so to close the in 
terrupter 10. The actuating means is also capable of re 
turning the movable contact 20 to its open circuit posi 
tion during circuit interruption. 
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When the contacts 18 and 20 are separated during 
circuit interruption an arc is formed in the arcing gap 

4. 
between the contacts. The arc which is formed between 
contacts 18 and 20 vaporizes some of the contact mate 
rial. These vapors and particles are dispersed from the 
arcing gap toward the insulating envelope 12. The in 
ternal insulating surfaces of the insulating envelope 12 
are protected from the condensation of the irc gener 
ated metallic vapors and paticles by means of a tubular 
main metallic arcing shield 40. Shield 40 acts to inter 
cept and to condense arc generated metallic vapors and 
particles before they can reach the insulating envelope 
12. To further reduce the chances for vapor or particles 
reaching the insulating envelope 12 by bypassing the 
shield 40 end cap shields 42 and 44 are provided facing 
the main arcing shield 40. A cup shaped shield 43 is at 
tached to the movable operating rod 34 and partially 
surrounds the flexible metallic bellows 38 to prevent 
the bellows 38 from being bombarded by arc generated 
metallic vapors or particles. The speed with which the 
vapors generated during arcing are removed deter 
mines the steady state operating conditions during arc 
ing and also the recovery capability of the unit. If the 
vapor is not quickly removed, high voltage transients 
may cause the arc to reignite after it has been extin 
guished resulting in failure of the interrupter 10. This 
embodiment is explained for a floating main shield 40, 
however it is to be understood that main shield 40 
could be electrically connected to end cap 14, 16 and 
for mechanically supported from end cap 14, 16. 
During circuit interruption the movable contact 20 

separates from the stationary contact 18 and an arc de 
velops across the arcing gap. The arc that is formed va 
porizes some of the material from the contacts 18 and 
20 and the resulting metallic vapor and particles are 
ejected radially outward from the arcing gap, in a 
straight line. At times during circuit interruption the 
arc can contact the main arcing shield 40. When this 
results it is desirable that the arc be contained to the 
inner facing surface of the main shield 40. That is, it is 
desirable that no portion of the arc can proceed to the 
outside surfaces of the shield 40 which are exposed to 
the insulating housing 12. 

Referring now to FIG. 1 there is shown auxiliary 
shields 50, 52 attached to the main arcing shield 40 to 
prevent arcs formed during circuit interruption from 
migrating to the outside of the shield 40. Shields 50 and 
52 are connected to annular insulating members 54 and 
56 which are attached to the main shield 40. This con 
struction permits auxiliary shield 50 and 52 to be physi 
cally supported from main shield 40 while being electri 
cally insulated therefrom. Auxiliary shields 50 and 52 
surround the ends of the main arcing shield 40 and 
project within the end cap shields 42 and 44. Shields 50 
and 52 can be of any desired circular shape. Shields 50 
and 52 function to simulate a three floating shield con 
struction as shown in U.S. Pat. No. 3,792,214. 
Referring now to FIG. 2 there is shown a vacuum in 

terrupter 10 with the main arcing shield 40 having me 
tallic end shields 60 and 62 directly connected thereto. 
End shields 60 and 62 are electrically and mechanically 
connected to main shield 40. Shields 60 and 62 are 
shown schematically like the frustum of a right circular 
cone with the smaller diameter portion attached to the 
main arcing shield 40 at point 64. The larger diameter 
portions of shields 60 and 62 project beyond the ends 
of the main arcing shield 40 within the confines of end 
cap shields 42 and 44. Auxiliary shields 60 and 62 sur 
round the ends of the main arcing shield 40. The auxili 
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ary shields 60 and 62 protect the inner surface of the 
insulating envelope 12 if the cathode spots should mi 
grate to the outside surface of main shield 40 between 
shield 60 or 62. 
Referring now to FIG. 3 there is shown another em 

bodiment of the invention. The main shield 40 has an 
external insulating coating 70 applied to the outer sur 
face. Insulating coating 70 projects to the ends of main 
shield 40 and surrounds at least the end portions of 
main shield 40. The insulating material can be spray 
coated on the outer surface of main arcing shield 40. 
This insulating coating 70 precludes a migration of 
cathode spots to the outer surface of shield 40. A thin 
insulating coating bonded to the main shield is superior 
to an external insulating member attached to the shield, 
due to heat transfer properties and simplicity of appli 
cation. 
Referring now to FIGS. 4 and 5 there is shown a vac 

uum interrupter 10 wherein the main arcing shield 40 
is constructed with a circumferential groove positioned 
near each end to prevent migration of an arc to the out 
side surface. In the embodiment shown in FIG. 4 the 
grooves 80 are disposed so that the depressed portion 
projects towards the longitudinal axis of vacuum inter 
rupter 10. The end of main shield 40 also includes a lip 
portion 82 which projects towards the longitudinal axis 
of vacuum interrupter 10. Because of the circumferen 
tial groove 80, cathode spots formed during circuit in 
terruption will not travel to the outside of main arcing 
shield 40. 
FIG. 5 shows a vacuum interrupter 10 having a main 

arcing shield 40 with circumferential grooves 90 
formed near the ends thereof. The depressed portion of 
circumferential groove 90 projects away from the lon 
gitudinal axis of the vacuum interrupter 10. The ends 
of the main arcing shield 40 have a lip portion 92 which 
projects away from the longitudinal axis of the vacuum 
interrupter 10. Circumferential grooves 90 prevent 
cathode spots from migrating to the outside of the main 
arcing shield 40. 
The main arcing shields 40 as described in this disclo 

sure have the advantage of preventing cathod spots 
from migrating to the outside of the shield 40. There 
fore the possibility of depositing metal vapor on the in 
side walls of the insulating envelope 12 or causing other 
damage to the insulation is minimized. It is to be noted 
that the arcing control means described can be used 
singly or in combination to prevent an arc formed dur 
ing circuit interruption from migrating to a position 
where metal vapors or particles can be deposited on the 
inside surface of insulating envelope 12. It is under 
stood that if the main arcing shield extends to one of 
the end caps, the arcing control means described refer 
to the free end of the shield. It is to be further under 
stood that the various arc control means can be used 
singly or in combination to provide the desired arc con 
trol. 
What is claimed is: 
1. A vacuum type circuit interrupter comprising: 
a tubular insulating envelope being sealed and evacu 

ated; - 

a first end cap sealing one end of said tubular insulat 
ing envelope; 

a second end cap sealing the other end of said tubular 
insulating envelope; 

a stationary contact supported from said first end cap 
within said tubular insulating envelope; 
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6 
a movable contact disposed within said insulating en 
velope being relatively movable with respect to 
said stationary contact between a closed position in 
engagement with said stationary contact and an 
open position separated from said stationary 
contact to form an arcing gap there-between; 

a main shield generally tubular shaped partially sur 
rounding said first contact and said second contact 
and being alinged with the longitudinal axis of said 
tubular insulating envelope; and, 

said main shield being metallic and including a layer 
of insulating material surrounding and on at least 
the outside ends of said main shield. 

2. A vacuum type structure interrupter as claimed in 
claim 1 including: 
a first end cap shield being generally tubular shaped 
and connected to said first end cap and surround 
ing one end of said main shield; and, 

a second end cap shield having a generally tubular 
shape and being connected to said second end cap 
and partially surrounding the other end of said 
main shield. 

3. A vacuum type circuit interrupter as claimed in 
claim wherein: 

said main arcing shield is supported from said insulat 
ing envelope to be electrically isolated from said 
first end cap and said second end cap. 

4. A vacuum type circuit interrupter as claimed in 
claim 1 wherein said main arcing shield is supported 
from said first end cap. 

5. A vacuum type circuit interrupter comprising: 
a tubular insulating envelope being sealed and highly 
evacuated; 

a first end cap sealing one end of said tubular insulat 
ing envelope; 

a second end cap sealing the other end of said tubular 
insulating envelope; 

a stationary contact disposed within said insulating 
envelope and being relatively movable with respect 
to said stationary contact between a closed position 
in engagement with said stationary contact and an 
open position separated from said stationary 
contact to form an arcing gap therebetween; 

a main arcing shield having a generally tubular shape 
partially surrounding said stationary contact and 
said movable contact and being aligned with the 
longitudinal axis of said tubular insulating enve 
lope; 

a first auxiliary shield being metallic and having a 
generally circular cross-sectional area connected 
to said main arcing shield near one end and sur 
rounding and extending toward that end of said 
main arcing shield; 

a second auxiliary shield being metallic and having a 
generally circular cross-sectional area and con 
nected to said main shield near the end opposite 
said first auxiliary shield and surrounding and ex 
tending toward the opposite end of said main arc 
ing shield. 

6. A vacuum type circuit interrupter as claimed in 
claim 5 wherein said first auxiliary shield and said sec 
ond auxiliary shield are shaped like frustums of a right 
circular cone with the inner diameter of the smaller di 
ameter portion of the cone joined to said main arcing 
shield. 

7. A vacuum type circuit interrupter as claimed in 
claim 5 wherein said first auxiliary shield and said sec 
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ond auxiliary shield extend past the end of said main 
arcing shield to which they are attached. 

8. A vacuum type circuit interrupter as claimed in 
claim 7 including: 
a first end cap shield, having a generally tubular 
shape, extending from said first end cap and sur 
rounding the free end of said first end shield; and, 

a second end cap shield, having a tubular shape, ex 
tending from said second end cap and surrounding 
the free end of said second end shield. 

9. A vacuum type circuit interrupter as claimed in 
claim 5 including: 
a first annular insulating member connected at the 
inner diameter to the main arcing shield and con 
nected at the outer diameter to said first auxiliary 
shield supporting said first auxiliary shield from 
one end of main arcing shield; and, 

a second annular insulating member connected at the 
inner diameter to the other end of said main arcing 
shield and connected at the outer diameter to said 
second auxiliary shield supporting said second aux 
iliary shield from said main arcing shield. 

10. A vacuum type circuit interrupter as claimed in 
claim 9 wherein: 

said first auxiliary shield and said second auxiliary 
shield are metallic members having a circular tubu 
lar shape; and including, 

a first end cap shield having a circular tubular shape 
attached at one end to said first end cap and ex 
tending therefrom to surround the free end of said 
first auxiliary shield; 

a second end cap shield having a circular tubular 
shape attached at one end to said second end cap 
extending therefrom to surround the free end of 
said second auxiliary shield. 

11. A vacuum type circuit interrupter comprising: 
a tubular insulating envelope being sealed and evacu 

ated; 
a stationary contact disposed in said insulating enve 

lope; 
a movable contact disposed within said insulating en 
velope and being relatively movable with respect to 
said stationary contact between a closed position in 
engagement with said stationary contact and an 
open position separated from said stationary 
contact to form an arcing gap there-between; 

a main arcing shield having a generally tubular shape 
partially surrounding said stationary contact and 
said movable contact and being aligned with the 
longitudinal axis of said tubular insulating enve 
lope; and, 

said main arcing shield having a groove formed to 
wards each free end thereof to limit arc movement. 
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8 
12. A vacuum type circuit interrupter as claimed in 

claim 11 wherein: 
the depressed portions of each of said grooves ex 
tends away from the longitudinal axis of said vac 
uum interrupter, and, 

the free end of said main arcing shield have a gener 
ally lip shaped portion extending away from the 
longitudinal axis of said vacuum interrupter. 

13. A vacuum interrupter as claimed in claim 12 in 
cluding a first end cap shield extending from one end 
of said vacuum interrupter around one end of said main 
arcing shield; and, 
a second end cap shield extending from the other end 
of said vacuum interrupter around the other end of 
said main arcing shield. 

14. A vacuum interrupter as claimed in claim 11 
wherein: 
the depressed portion of each of the grooves extend 
toward the longitudinal axis of said vacuum inter 
rupter; and, 

the free ends of said main arcing shield have a lip 
shaped portion extending toward the longitudinal 
axis of said vacuum interrupter. 

15. A vacuum interrupter as claimed in claim 13 in 
cluding: 
a first end cap shield extending from one end of said 
vacuum interrupter around one end of said main 
arcing shield; and, 

a second end cap shield extending from the other end 
of said vacuum interrupter around the other end of 
said main arcing shield. 

16. A vacuum type circuit interrupter comprising: 
a tubular insulating envelope being sealed and evacu 

ated; 
a stationary contact disposed within said vacuum in 

terrupter; 
a movable contact disposed within said insulating en 
velope and being relatively movable with respect to 
said stationary contact between a closed position in 
engagement with said stationary contact and an 
open position separated from said stationary 
contact to form an arcing gap there-between; 

a main shield having a generally tubular shape par 
tially surrounding said first contact and said second 
contact and being aligned with the longitudinal axis 
of said tubular insulating envelope; and, 

arc inhibiting means attached to and extending from 
said main shield in proximity to the free end of said 
main shield for preventing any arc formed during 
circuit interruption from migrating to the outside 
surface of the main shield facing the inner walls of 
said tubular insulating envelope. 
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