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The present invention relates to relays in general, and 
it relates to high voltage relays in particular, for ex 
ample, of the double-pole, double-throw type, which are 
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particularly adapted to high voltage, medical uses and a 
which are constructed to assure that under no condi 
tions will one contact open without the other. 

In heart defribrillator systems, a double-pole, double 
throw relay is used to introduce a high voltage to the 
heart of the patient under precisely controlled condi~ 
tions. The relay is required to operate under high Volt 
age conditions to that vacuum relays are well suited for 
the purpose. This is because vacuum relays operate 
in an evacuated envelope, so ‘that contact deterioration 
is inhibited to a material extent. However, pressurized 
relays, in which the envelope is ?lled with a pressurized ' 
dielectric gas, such as sulphurhexa?uoride (SP6) are also 
suited. This is because the gas reduces ionizing elfects 
in the envelope and also provides a cooling effect. 

In heart defribrillator systems, it is most important 
that both of the normally-closed contacts of the relay 
open when the relay is energized and that both of ‘the 
normally-open contacts open when the relay is de-ener 
gized. If in either instance, should one contact open 
without the other, the results are usually fatal to the 
patient. 
The improved relay of the present invention is par 

ticularly constructed to operate over extended inter 
vals of time at extremely high voltages, To this end, 
the relay is constructed to minimize arcing. In addi 
tion, appropriate shielding is provided to shield sensi 
tive components of the relay from ion currents produced 
by the high voltages involved. 

In addition, the improved relay of the invention is 
constructed so that if one of the normally-closed con 
tacts should stick in a closed condition, neither of the 
two normally closed contacts will open when the relay 
is energized. 

Conversely, should either of the normally open con 
tacts stick in a closed condition, neither will open when 
the relay is de-energized. This latter factor is realized 
by providing ?xed contacts which are resilient in one 
direction so as to prevent “contact bounce” when they 
are closed; but which are rigid in the other direction 
so as to prevent any movement of the movable con 
tact away from either of the ?xed contacts, should 
either of the ?xed contacts become welded, or otherwise 
stuck, to the movable contact. , 

~ This latter feature of the invention assures that when 
the relay is'energized and tie-energized, in each instance, 
either both contacts open or neither will open. This 
obviates any tendency for high voltages to be introduced 
to the patient under other but controlled conditions. 
The features and advantages of the invention will 

become apparent from a ‘consideration of the following 
description, when the description is considered in con 
junction with the accompanying drawing, in which: 
FIGURE 1 is a perspective view, partially in section, 

illustrating a vacuum relay constructed in accordance 
with one embodiment of the invention; 

' FIGURE 2 is a cross-sectional view essentially along 
the line 2—2 of FIGURE 1; and 
FIGURE 3 is a fragmentary view of certain operat 
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ing components of the relay of the invention, with cer 
tain of the components repositioned for purposes of 
clarity. ’ 

The vacuum relay illustrated in the drawing includes 
an envelope 10 which may be formed of glass, or other 
suitable vitreous material. The envelope 10 has a gen 
erally cylindrical form in the illustrated embodiment, and 
it has an open portion at its lower end. The envelope 
may be evacuated, or ?lled with gas-as mentioned above. 
The open portion of the envelope is enclosed by a 

circular cup-shaped member 12, which is composed of 
iron or other magnetic material. The cup-shaped mem 
ber includes an elongated integral cylindrical portion 
13, and a plunger 14 (composed of iron or other mag 
netic material) is supported in the cylindrical portion 
13 for reciprocal movement therein. The plunger 14 
includes a'?at disc-like top 14a, and it serves as the 
armature for the relay. 
A suitable energizing coil assembly 16 is mounted 

externally of the envelope 10 in position to surround 
the cylindrical portion 13 of the cup-shaped member 
12. A coil spring 18 is mounted on the plunger 14 be 
tween its cup-shaped top portion and the top surface 
of the cup-like member 12. 
The assembly is such that when the energizing coil 

16 is energized, the plunger 14, which is composed of 
magnetic material, is drawn down into the cylindrical 
portion 13. On the other hand, when the coil is de~ 
energized, the plunger is returned to its upper position, 
illustrated in FIGURE 1, by the spring 18. 
A pair of electrically conductive contact pins 20 and 

22 are mounted on the envelope 10 and extend into the 
envelope as shown in FIGURES l and 2. A corre 
sponding pair of movable contacts 24 and 26 are hinged 
to the respective contact pins 20‘ and 22. 
As mentioned previously, the relay of the invention 

is intended to operate on a double-pole, double-throw 
basis, and in conjunction with extremely high voltages. 
For that reason, it is most important that arcing be 
prevented. 

In order to prevent arcing, a positive hinge assembly 
is provided for coupling the movable contacts 24 and 26 
to the respective contact pins 20 and 22. This hinge 
assembly, as best shown in FIGURE 3, for example, 
takes the form of a pair of resilient strips‘ composed, 
for example, of tungsten, indicated 30 and 32. 
The strips 30 and 32 are welded, or otherwise affixed, 

to the contact pin 20 in facing, parallel relationship. A 
pair of channel-forming members composed, for ex— 
ample, of molybdenum, and designated 34 and 36, are 
respectively a?ixed to the remote ends of the strips 30 
and 32. The latter two members define a transverse 
channel with respect to the strip 30 and 32, and this 
channel resiliently receives a transverse rod 38, so as 
to permit angular movement of the rod between the 
two channel-forming members 34 and 36. The rod 36 
is welded, or otherwise aflixed to the movable contact 
24 in transverse relationship therewith. In assembling 
the relay, the movable contact 24 has its transverse rod 38 
snapped into place between the channel-forming mem 
bers 34 and 36. 
A similar hinge assembly is used to couple the movable 

contact 26‘ to the contact pin 22. 
A U-shaped member 4% is mounted on the top surface 

of the disc-like portion 14a of the armature plunger 14, 
and the U-shaped member has upwardly extending legs. 
These legs are coupled to the movable contacts 24 and 26 
through insulating glass portions 42 and 44 these portions 
being shielded against ion attack by respective shields 
46 and 48. The glass portions are attached to further 
elongated members 50 and 52 which are pivoted to the 
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respective movable contacts 24 and 26, as shown. Alter 
natively, the movable contacts may bersupported on the 
armature by elongated insulating rods composed, for 
example, of an insulating material such as sapphire, 
which is immune to ion‘ attack and does not require 
shielding. 
An L-shaped shield 54 is supported on the movable 

contact 24, and a similar shield 56‘ is supported on the 
movable contact 26. These shields serve to prevent the 
?ow ionizing current to the elongated members 50‘ and 52, 
so as to obviate any ?ow of current through the respec 
tive pivot points of the movable contacts, with resulting 
degradation of the pivoted joints. . 
-It will be appreciated that when the relay is ,de 

energized, the movable contacts 24 and 26v are moved by 
the spring 18 to an upper position, as shown in FIGURES 
l and 3. On the other hand, when the relay is ener 
gized, both the movable contacts are pulled to a lower 
position as the armature 14 is retracted down into the 
energizing coil 16. 

During this actuation of the relay, the movable contacts 
24 and 26 pivot smoothly in the corresponding hinge 
means, such as the hinge described above, so that positive 
electric contacts between the movable contacts and the 
pins 20 and 22 is assured, and arcing is prevented. 
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The relay illustrated in the drawing is a double-pole V 
double-throw relay and is intended primarily to be used 
for medical purposes. However, it should be evident that ' 
the relay of the invention may be single-pole single-throw, 
single-pole double-throw, double-pole single-throw, or 
other type, and that it ?nds general utility in many ap 
plications where high voltage relays are required. 
The illustrated relay includes a further pair of contact 

pins 60 and 62 which extend through the envelope and 
which support corresponding ?xed contacts. These con 
tacts are the normally-open contacts of the relay, and are 
engaged by the respective movable contacts 24 and 26‘ 
when the relay is energized. ' 
. The relay also includes a further pair of contact pins 
64 and 66. These latter contact pins constitute the nor 
mally-closed ?xed contacts of the relay, and are engaged 
by the respective movable contacts 24- and Zdwhen the 
relay is de-energized. 
The normally-open contacts may each have the con 

?guration shown in FIGURES l and 3, with respect, for 
example, to the pin 60. As shown, the ?xed contact asso 
ciated with that pin includes a rigid elongated portion 60a, 
and a resilient strip portion 60b. The resilient strip por 
tion overlies the rigid portion, and is af?xed to the rigid 
portion at one end, for example, by a weld 60c. The 
resilient portion extends beyond the end of the rigid por 
tion, and a contact button 60d is a?ixed to the extremity 
of the resilient portion, which is in position to be engaged ' 
by a corresponding contact button on the movable con 
tact 24‘. 7 

Likewise, the normally-closed ?xed contacts associated 
with the contact pins 64 and 66 may each have the con 
struction shown, with respect to the ?xed contact asso 
ciated with the pin 64, in FIGURE 3. 
The latter contact has an elongated rigid portion 64a, 

and an overlying resilient strip portion 64. The strip 
portion is welded at one end to the rigid portion, as by a 
weld 64c. As before, the resilient portion 641; extends 
beyond the end of the rigid portion 64a, and it has a con 
tact button 64d which is engaged by acorresponding con 
tact button on the movable contact 2411. 

It will be appreciated that when the movable contact 
24 closes with the contact button 69d, the resilient strip 
6% is caused to move away from the rigid portion 60a, 
so that the engagement by the movable contact 24 is 
resiliently absorbed and “contact bounce” is prevented. 
However, when the movable contact'breaks with the ?xed 
contact, the rigid portion 60a prevents anyrfollotwing of 
the movable contact by the contact button 60d. The same 
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4 
action occurs with respect to the ?xed contact associated 
with the pin 64. ' ' 

Therefore, for all the contacts of the relay, a degree of 
resiliency is provided during the “make” operation, so that 
contact “bounce” is prevented. However, during the 
“break” operation, the rigid portions of the contacts pre 
vent any tendency for a ?xed contact to move with the , 
movable contact. 

Therefore, in the event that a ?xed'contact should be 
come welded with a movable contact, its inherent rigidity 
prevents the armature from moving so that the correspond 
ing contact on the other side of the relay ‘is also held 
closed. In this manner, there is no tendency for one 
half of the relay to operate, without the other. 

Also, due to the high ‘voltages with which the relay is 
to be operated, arcing is a problem. This arcing is pre 
vented by the improved hinge means of the movable 
contacts 24- and 26, as described above. In addition, the 
shields 54» and 56 and 42 and 44 prevent ionizing currents 
from ?owing to the critical parts of the relay. 

In addition, a- disc-like shield 80‘ is mounted on the 
disc-like portion 14a of the armature 14 by means, ‘for 
example, of a pair of legs 82 and 84. The disc 80 may 
be composed, for example, of glass, and the legs 82 and 
84- may be fused in the glass and welded on the surface 
of the disc-like member 14a. The disc 80 is intended to 
prevent the ?ow of ionizing current between one half of 
the double-pole double-throw relay and the other. 
The invention provides, therefore, an improved vacuum 

relay which is‘particularly adapted to operate with high 
eflic-iency in switching high voltages, and to operate for 
long periods of time without appreciable deterioration of 
its components. , 

While a particular embodiment of the invention has 
been shown and described, modi?cations may be made. 
The claims are intended to cover the modi?cations which 
fall within the scope of the invention. 
What is claimed is: 
1, A relay including: an envelope; a ?rst electrically 

conductive contact pin extending into said envelope; a 
movable contact; a pair of spaced parallel resilient elec 
trically conductive strips at?xed to said ?rst contact pin; 

' a pair of transverse channel-forming electrically conduc 
tive members respectively a?ixed to the ends of said strips 
in mutually facing relationship; an. electrically conductive 
transverse rod a?ixed to said movable cont-act and resili 
ently received in the channel formed by said channel. 
forming members for angular movement therein; a second 
electrically conductive contact pin extending into said 
envelope; and a ?xed contact af?xed to said second contact 
pin in position to be selectively engaged by said movable 
contact. ' 

2. The relay de?ned in claim 1 in which said resilient 
strips are formed of tungsten and in which said transverse 
channel-forming members and said transverse rod are 
formed of molybdenum. , 

3. A double-pole double-throw relay including: an en 
velope; a ?rst pair of electrically conductive contact pins 
extending into said envelope; a pair of movable contacts; 
hinge means for coupling each of said movable contacts 
to a corresponding one of said pins of said ?rst pair in 
electrically conductive relationship therewith, each of said 
hinge means comprising a pair of spaced parallel resilient ‘ 
electrically conductive strips af?xed to the corresponding 
one of said contact pins of said ?rst pair, a pair of elec 
trically conductive transverse channel-forming members 
respectively a?ixed to the ends of said strips in mutual 
facing relationship, and a transverse rod of electrically 
conductive material a?ixed to the corresponding one of 
said pair of movable contacts and resiliently received in 
the channel formed by said channel-forming members for 
angular'movement therein;.a second pair of electrically 
conductive contact pins extending into said envelope; 
and a pair of ?xed contacts af?xed to respective ones of 
said contact pins of said second pair in position to be 
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selectively engaged by corresponding ones of said mov 
able contacts, each of ‘said ?xed contacts having a rigid 
portion and further having a resilient strip-like portion 
overlying said rigid portion on the side thereof remote 
from said movable contact and extending beyond the ex 
tremity of said rigid portion to be selectively engaged by 
said movable contact. 

4. A relay including: an envelope; a ?rst electrically 
_ conductive contact pin extending into said envelope; a 
movable contact; hinge means for coupling said movable 
contact to said ?rst pin in electrically conductive rela 
tionship therewith; said hinge means comprising a pair of 
spaced parallel resilient electrically conductive strips af 
?xed to said ?rst contact pin, a pair of transverse channel 
forming electrically conductive members respectively af 
?xed to the ends of said strips in mutually facing rela 
tionship, and an electrically conductive transverse rod 
a?’ixed to said movable contact and resiliently received in 
the channel formed by said channel-forming members for 
angular movement therein; a second electrically conduc 
tive contact pin extending into said envelope; a ?xed con 
tact a?‘ixed to said second contact pin in position to be 
selectively engaged by said movable contact, said ?xed 
contact having a rigid portion and further having a re 
silient strip-like portion overlying said rigid portion on 
the side thereof remote from said movable contact and 
extending beyond the extremity of said rigid portion to 
be selectively engaged by said movable contact. 

5. A double-pole double-throw relay including: an en 
velope; a ?rst pair of electrically conductive contact pins 
extending into said envelope; a pair of movable contacts; 
hinge means for coupling each of said movable contacts to 
a corresponding one of said electrically conductive pins 
of said ?rst pair in respective electrical conductive rela 
tionship therewith, each of said hinge means comprising 
a pair of spaced parallel resilient electrically conductive 
strips a?ixed to the corresponding contact pin of the ?rst 
pair, a pair of transverse channel-forming electrically 
conductive members respectively a?ixed to the ends of 
said strips, and a transverse rod of electrically conductive 
material a?ixed to such movable contact and resiliently 
received in the channel formed by such channel-forming 
members for angular movement therein; a second pair 
of electrically conductive contact pins extending into 
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said envelope; and a pair of ?xed contacts a?ixed to re 
spective ones of said contact pins of said second pair 
in position to be selectively engaged by corresponding 
ones of said movable contacts, each of said ?xed contacts 
having a rigid portion and further having a resilient 
strip-like portion overlying said rigid portion on the side 
thereof remote from the corresponding one of said mov 
able contacts and extending beyond the extremity of said 
rigid portion to be selectively engaged by such movable 
contact. 

6. A relay including: a ?rst electrically conductive ter 
minal means; means including a pair of spaced parallel 
resilient electrically conductive strips connected to said 
terminal means and de?ning a transverse channel at the 
end of said strips; means including a movable contact hav 
ing an electrically conductive transverse rod resiliently 
received in said transverse channel for angular movement 
therein; a second electrically conductive means; and a 
?xed contact electrically connected to said second elec 
trically conductive terminal means and positioned to be 
selectively engaged by said movable contact. 

7. A relay including: an envelopeya ?rst electrically 
conductive terminal means extending into said envelope; 
means including a pair of spaced parallel resilient elec 
trically conductive strips connected to said terminal means 
and de?ning a transverse channel at the end of said strips; 
means including a movable contact having an electrically 
conductive transverse rod resiliently received in said trans 
verse channel for angular movement therein; a second 
electrically conductive terminal means extending into 
said envelope; and a ?xed contact electrically connected 
to said second electrically conductive terminal means and 
positioned in said envelope to be selectively engaged by 

‘ said movable contact. 

References Cited by the Examiner 

UNITED STATES PATENTS 
1,821,813 9/1931 Nickle _______ __ 200-—l44.2 X 
2,794,885 6/1957 Jennings ________ __ 200—144.2 
3,161,749 12/1964 Perry et al. .4 ____ __ ZOO-144.2 

BERNARD A. GILHEANY, Primary Examiner. 
I. J. BAKER, Assistant Examiner. 


