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The present invention relates to electrical contact ele-
ments, and particularly to novel electrical contact ele-
meints for use in relay structures.

There has been in recent years a rapid development of
the industrial and military fields which has been at least
partially accelerated by the increased use of electrical
contrci equipment. Continued use is, of course, depend-
ent upon the ability of the electrical equipment to pro-
vide reliable and dependable service; however, the op-
erating conditions in the new uses and applications are
such as to seriously deter the accomplishment of such
type services with certain known types of contact struc-
tures. More specifically, certain newer systems of con-
trol require the contacts to control circuits reliably under
unusual Iead conditions.

ft 13 apparent that the provision of reliable and depend-
avle service under the extreme operating conditions en-
countered in such control circuits is at least partially de-
pendent upon the provision of electrical contact members
which are capable of accomplishing reveated circuit con-
trol rehably.

Accordingly there is a need in industrial and military
tields for electrical contact members which are capable
of reducing the number of equipment failures resulting
from unreliable operations of the contact structures in
their circuit completing functions. Various attempts have
been made to improve the reliability of the contact ele-
meilts in their operation.

in certain low voltage and low current circuits, where-
in voltages in the order of two or three volts, and cur-
rents in the order of a few milliamperss are encountered,
the problems of accomplishing reliable closing and open-
ing of such circuits becomes especiaily difficult. There
s2ems to be reason to believe that the low order of voli-
age 1s sometimes unable to start electron flow through
contact resistances encountered. Furthermore moleci-
Iar films on the surfaces of the contacts tend to interfere
with the conductivity of the contact sets. This condition
1s particularly serious in low voltage applications in that
even the lighter films are sufficient to act as a barrier to
the passage of low voltages and low currents which are
applied to the contact sets, This difficulty cannot be
overlcoked in applications where unreliable circuit com-
pletion may have costly consegquences.

Accordingly, one object of the present invention is the
provision of a contact arrangement of improved reliabil-
Ly,

Ancther object is the provision of a contact arrange-
ment of improved reliability for controlling low voltage
circuits 1n the order of a few volis.

Another object of the present invention is the provision
of a new and novel contact arrangement characterized
by an essentially hemispherical member and a cooperat-
ing grooved contact member for overcoming such diffi-
ciilties.

The present invention is directed to the provision of a
novel contact element which is particularly adapted for
reliable operation over an increased number of circuit
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completing operations, and particularly, to a novel con-
tact structure which lends itself to simple, economical
and practical manufacture. The novel confact siructiure
of the present invention basically comprises an essentially
hemispherical contact member arranged to co-act with a
second contact member which comprises a cooperating
surface having a longitudinal groove with parallel
bridges formed therein, the hemispherical contact mem-
ber and the groove being so dimensioned that the sur-
face of the hemispherical contact member touches the
ridges of the groove at two points while a depression be-
tween the ridges is of sufficient depth to prevent contact
therewith. The hemispherical contact member and
ridges on the outer surface of the longitudinal groove
are made more reliable in their operation by constructing
same of highly conducting precious metals such as oold
or platinum,

A feature of the invention is the manner in which the
contact elements in one embodiment are mounted upon
a relay structure in a contact structure comprised of a
plurality of contact sets disposed in adjacent spaced rela-
tion, the portion of the respective contacts which depends
from the contacting surfaces thereon extending in oppo-
site directions to provide a structure which substantially
minimizes crosstalk and reduces the capacitance effect be-
tween contacts. At least one contact carrying member
of each of the sets is mounted on a flexible cylindrical
reed which, by reason of its flexibility, permits a wiping
and transverse action between the surfaces of the mat-
ing hemispherical and groove contact surfaces (as more
fully explained hereinafter). As a result of such arrange-
ment the meeting contacts tend to scrape off any insulat-
ing molecular film which normally tends to accumulate
cn the circuit completing surfaces of the contact struc-
tures, and accordingly, further improves the reliability
thereof. | -

The contact burnishing feature of the present invention
is also evidenced in another modification thereof in which
the groove bearing contact element is rigidly held in po-
sition, while the contact carrying element to which is af-
fixed a ball contact member is supported on a flexible

reed. Upon the movement of the contact member to-

ward the groove and flexure of the reed, contact is first
made and subsequently upon further movemeni of the
armature addifional flexure of the reed results in g partial
rotation and displacement of the contact member within
the greove to cause an abrasive action which polishes the
contacts.

Additionally, should the hemispherical contact through
slight misalignment initially make engagement with one
ridge only of the cooperating grooved contact member,
the complete transverse freedom of the flexible reed al-
lows the magnetic pull on the armature carrying the
hemispherical contact to advance the hemispherical con-
tact along the contour of the ridge until contact is made
with the second ridge whereupon the magnetic pull on
the armature causes a wedging action at the two points
of contact which aids the establishment of an electrical
circuit through the two contact points. This also provides
a further type of wiping action.

Tests of the new contact arrangement indicate that
they possess nnusual reliability in closing circuits with
millions of operations. This reliability is particularly
appreciated in closing dry circuits or circuits involving po-
tentials in the order of only several volts. Furthermore
this reliability in conjunction with the degree of longevity
make the contact arrangement particularly attractive for
use in higher voltage applications such as telephone
switchboard multiples. | |

The basic contact carrying elements may be construct-
ed of any magnetic material attached to flexible shafis of
A hemispherical or button




: type eentact member of precreus T

o ~ netic field generated by an electremagnet

 described in detail herein.
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etaix may be attached

" to one of the contact carrying elements by spot welding -

N or other suitable methods. The cooperating contact car-

rying element is forn

side of a central depression.
be formed by a simple press punch’ operation eir a gold

Alternatrvely the- punch

P - —

‘ing the shape of. the groove.

_"press operation may make the groove in the contact ear=
- rying member and-a precious metal layer may ‘be phated. :

on the surface and shouldérs of the groove.

. The above and further objects; features and advantages
- of this invention will be recognized by those familiar
with thé art from the following descrrptren of a -pre-
ferred embodithent thereof, as illustrated in the accom-

~ panying drawings in the several figures of which like ref—l'

erence numerals mdrcate Tike elements ‘and in which:

ed with a groove extending longi-
tudinally. thereof, parallel ridges being provided cn either
A groove: 6f-this type may -

.

twe eontaet carrying - members 11 and 15 are dlspesed )

adjacent each other but in non-contacting relationship -

prior to the energization of the electromagnet (not
shown). A molded strip member 17 serves to posr—-

tion and maintain the reed members 16 in a preset re- =
lationship similar to that of reeds 12 so that each of

| - the corresponding contact carrying members 11 and 1: B
| 'mlay in the contact carrying member, the gold inlay fak-' .

10

14 is affixed to the surface of me |
cooperating contact carrying member 15, Contact mem-
ber 14 is in this instance essentially hemrspherreal or -

is fixed with respect to one another. = |
As may be seen from Figure 2, a eontaet member |
;ber 11 facing 1ts -

 button like in shape and preferably composed of a

~ precious metal, such as oold or platinum, for greater o
electrical eendnctrvrty and resistance to erosion,

15

‘ tact member 14 is shaped so as to contact the corre-

~Figures 1 and 2 are plan and end views respectively of

_'a bank of movable contact members arranﬂ*ed aer.:erdrnmr -

| te the present invention;

| Frgures 3A and 3B are enlarfred partrally cut—away._
- views of the contact arrangements of the present inven--

| _tren under. certain eperatlnﬂ' conditions thereof; .
-Figure 4 is a view, partly in cross-section, taken alen':'r

N _member 14
© in a power press to produee a substantially hen
" boss thereon. In this latter case the surface of the con- -

sponding member 15 in at least two points.. __
contact member 14 may be spot welded to contact carry-

-ing member 11 near its. top and should be centrally dis--

- pesed with respect to its width. Alternatively, “contact
may be fashioned by deformmg member 11 -
ispherical

 tact member should be plated with a precious metal foi

25

--_:'lme 4—4 of Flgnre 3A to 111ustrate a pamenlar feature

thereef

Figurée 5 is an enlarged detarled eross seenonal view .

taken along the line 5--5 of Figure 2 illustrating repre-
ensions of the cooperating . eentact mem-
L bers of the present invention, and
Frgure 6 -is a cross-sectional view of an alternative em-

| sematwe d1 X

- bodrment ef the relay centaet arrange nent of the present
mventron B ~
Referrrnﬂ Now - partreularly to Frgures 1 and 2 of the
drawmgs, it will be observed that reference numeral 10
designates a

a group of contact carrying members which

30

 fact completing surface of hemispherical contact mem-

39

. are ﬂenerally sn:nﬂar te those used cenventrenally in re-

'~ lays well known to those familiar with the telephone art.
‘Such a eenventrenal relay structure is disclosed in greater

40 .

detaﬂ in Umted States. Patents numbered 2, 396,332 and-_'-"_'

2, 409,054, issued to. Frank R. ‘McBerty on March 12,

| 1946 and October 8, 1946, respectively, and assigned t0":

~ the present assrgnee

ng. relatronshrp under the influence of a suitable mag-

of - clarity and brevity only the per

| Tn ‘general the illustrated contact -
earrymg members are transversely mnvable into contact-

-For purposes:
inent portions of the
“¢ontact-carrying members and their 1nd1v1dna1 centaets_-
o are herein illustrated.. : -
. SInce corresponding mdmdnal centaet earryrng ‘mem-
“bers are identical, only two eemplementary ones will be
_ Contact -carrying ‘member 11
- comprises magnetic rnaterral such as a mekel—rren alloy
‘having suitable magnetic ‘characteristics, and is of elon-

‘greater cenduetrwty and Ionger life. o
14, a groove 18 is formed i centaet carrying member. -
- 15 extending along the length thereof for a short distance.
- In one environment a length of %46 inch for ecroove 18 -
Groove 18 may be stamped out by
a punching operatmn perrermed on contact bearing mem-

Op posrte contact

was found suitable.

ber 15 and is formed in such a manner that its shoulders
aré $paced so close to each other that the depressed por-
tion of the groove is prevented from contacting the con-

ber 14. The shoulders or ridges (shown in greater de- .
tail in Figures 3A~5) on either side of groove 16 alone
touch the. conducting surface ef eontact member 14 to
form a two-point contact.

- As before mentioned: the surface of tbe greeve is- ef -
precious metal which may. be an inlay which has taken . -

the form of the groove by a punch press operation or

which has been deposited by a plating preeess after the -
groove has been formed in the member 18. o

Reference has been made to the wiping action between' |

the hemispherical contact 14 and its cooperating groove PN
- 18. A more detailed explanation of this feature of the -

mventren may be had with reference to Figures 3A and:

3B in which Figure 3A is a partially cut-away side view -
of the contact bearing members 11 and 15 1mmed1ately-_

upon the touching of contacts 14 and the ridges of groove

- 18 upon initial flexure of reed 12. In Figure 3A contact :
carrying member 11 under ‘the influence of a- magnetle s

" - field preduc:ed by a source of eleetromagnetrc energy - -_

]|
] g

. gated. rectangular shape with its longrtndmal dimension
-~ exceeding greatly its width and depth. The specific form

" heérein shown is illustrative only and other shapes will

- readily. suggest themselves to those skllled in the art. -
60

 The centaet carrying member 11 is mennted on the upper
end of a féxible metallic réed 12 which -is preferably
formed of stainless steel.

- vidual reeds-12 in fixed relationship - with “ one another

~"and. prevent therr twisting -out of alienment with their

| complementary armatures. Electrical connection to the
metallic teed 12 is. provrded at- the lower - end thereof
which projects below strip 13.. -

Reference may ‘be -had -to Frgure 2 whrch ﬂlnstrates "

| eentaet earrymg member 11 and its ]uxtaposed cooperat-
g contact carrying member 15 'in- preset spaced rela-

. trensbrp The cooperating contact carrymg member 15
- is similar in-construction to ‘member 11 -in:that it -com-

 prises a block of magnetic material of rectangular form
| mounted on the upper ‘end ef a flexible: reed 16 The

‘A ‘strip 13 of insulating ma-
" terial engages. reeds 12 afd is. utrhzed to hold the indi-

- carrying member 11 is moved further to the. rlght and
further fiexes . 1ts suppertmg reed 12. As the contact -
7 5 pemts on the surface of centaet 14 press agamst ‘the

" (not shown) is urged to the right to a point where the =~
conductive surface of contact 14 touches the ridges. of

groove 18, wrth initial flexure of reed 12. A single

point on the surface of contact 14 in the. herlzontal plane .

of its center-line a—a, touches the rearmost ridge 19 of

- groove 18.. " A second point on the surface of contact

14. in the same center-line plane. spaeed from the first
~contact point makes. cnntact at the foremost ridge -(not -
‘shown). of groove 18.

- An_ effective wedgmg ‘action
caused by the movement of contact carrying member
11 against eentact carrying member 15 ensues to ferce'-

the two points on the surface of hemispherical contact =~
14 into tight engagement with the two spaced ridges or
shoulders of groove 18.- As may be seen in Figure 3A
‘the length of groove 18 is such that it extends a short -
distance below the center-line g—a of contact 14. The
purpose -of such elengatmn ef -groove 18 wﬂl be apparent o
hereinafter. ' |

Upon further urglng by the magnetrc field, centaet -~

" Con-

In practice
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5
ridges of groove 18, the flexible reed 16 which supports
coniact carrymng member 15 is also bent. Since the lengths
of reeds 12 and 16 are fixed, a sliding action between
contact 14 and groove 18 takes place so that member 15
1s effectively moved upward with respect to contact car-
rying member 11 and carrier groove 18 with it. 1t is now
evident that the surface of hemispherical contact 14 makes
two point contact with the ridges of groove 18 at new
points farther down the length of groove 18. The new
points of contact are in a plane confaining line b—ab.
The distance between lines a—a and b—» taken along
the outer edge of one of the ridges of groove 18 is in-
dicative of the amount of wiping action taking place be-
tween contact 14 and its cooperating groove. Inasmuch
as contact 14 rides along the outer surface of the ridges
of groove 18 as the two contact carrying members 11
and 15 move with respect to one another, this wiping ac-
tion takes place to penetrate any molecular insulating
film which might have accumulated on the surfaces of
either contact 14 or the ridges of groove 18, and to bring
the cooperating contact surfaces more firmly together.

The two point contact arrangement between contact
14 and the ridges of groove 18 may be more readily seen
with reference to Figures 4 and 5 in which Figure 4
1s a partly sectional view taken along line 4—4 of Fig-
ure 3A and Figure 5 is a sectional view taken along line
s5—3 of Figure 2 upen the touching of contact 14 and the
ridges of groove 18. |

With reference to Figure 4 it may be noted that ridges
19 and 20 of groove 18 extend longitudinally of contact
carrying member 15 and form a parallel track upon which
the hemispherical surface of contact 14 rides during the
relative movement of contact carrying members 11 and
15. | _

The surface of hemispherical contact 14 touches ridges
19 and 29 of groove 18 at points 21 and 22 respectively.
As may be seen from Figures 3A and 3B these points of
contact move vertically as the contact carrying members
i1 and I5 are moved from their rest position and the
flexure of reeds 12 and 16 occurs.

The two contact points 21 and 22 between the sur-
faces of hemispherical contact 14 and ridges 19 and 20
respectively are shown in the enlarged cross-sectional
view of Figure 5. In this figure, groove 18 comprises
two ridges or shoulders 19 and 20 flanking a depressed
portion 23. The surface of groove 18 consists of a
coating 25 of gold or other highly conducting, erosion
resisting metal to form a corrosion and erosion resisting
coniact, which surface is in the stamped precious metal
inlay which has taken the form of the groove. Alterna-
tively the groove can be stamped in the contact carrying
member and a precious metal plated on the surface of
the groove.

In Figure 5 may be found typical dimensions for the
radius of the hemispherical contact 14 and the various
surfaces of groove 18. While these dimensions are de-
rived from a practical operating embodiment of the in-
vention, they are for illustrative purposes only and the
invention should not be circumscribed by these specific
dimensions. |

The following chart is a sumi

ary of these illustrative

dimensions:

Radius of curvature of contact 14— ____ .022 in.

Radius of curvature of ridges 19 and 20__ .015 in.

Radius of curvature of depression 23____ .0135 in.

Thickness of gold alloy 25— ____ .005 .
Length of groove 18 . ____ . _________ 148 In. approx.

An actual commercial embodiment of the novel contact
structure of the present invention is illustrated in Figure
6 wherein the groove carrying contact member is rigidly
maintained with respect to the remainder of the relay
structure proper shown generally by the reference char-
acter 60. Relay 60 comprises an electromagnetic means
including a coil 61 disposed on a core 62 of magnetic
material which extends upwardly from a U-shaped back
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bar or pole piece 63 having sides 64 and 65 which extend
upwardly forward but fall short of a pole piece 66 to
form air gaps. Pole piece 6% is carried by the upper end
of coil 61. A block of insulating material 67 in which
are embedded the groove bearing contact elements 68 is
mounted upon the upper surface of pole piece 66. FEach
contact member 68 is disposed so that groove 69 is facing
outwardly and is maintained in this position by virtue
of a reentrant portion 70 embedded in block 67. The
complete relay including U-shaped pole piece 63, core
6Z and 1ts encompassing coil 61, upper pole piece 66
and insulating block 67 is held together by a counter-
sunk bolt 71 threaded centrally through the above as-
sembly and secured in place by a nut or other fastening
means 72. | |

Compleraentary contact carrying elements or arma-
tures 73 and 73’ of magnetic material are vertically dis-
posed adjacent to but spaced from sides 64 and 65 of
pole piece 63 and extend upwardly to span the gap be-
tween pole pieces 63 and 66. For convenience, only
armature 73 will be described, it being understood that
armature 73’ is identical in structure and operation. Con-
tact carrying element 73 is supported by flexible reed 74
which is embedded in an insulating strip 75 which in turn
i1s held in place by a bolt 76 tapped into pole piece 63. A
short distance below armature 73 is disposed a strip of
msulating material 77 in which small grooves are cut to
guide the reeds in their movement and prevent any ex-
cessive sideward movement thereof. At the upper end
of armature 73 is a small herispherical contact member
78 which is disposed to engage contact receiving groove:
&9 to complete an electrical circuit therewith,

In operation the electromagnetic coil 61 is energized

by an electrical circuit (not shown) connected thereto

and generates a magnetic field which flows in an external
circuit through U-shaped pole piece 63, across the air
gaps between pole pieces 63 and 66 and through pole
plece 66. The armature 73 which spans this gap, being
of magnetic material, is therefore attracted toward the
pole pieces until contact 78 carried thereby touches
groove 69 in member 68 to complete an external elec-
trical circuit (not shown). Because of the tractive force
of the magnetic field thus produced, the armature is
shightly further moved toward pole pieces 63 and 66.
Since the contact carrying end of armature 73 cannot
move forward as it is wedged into groove 69 in rigid
member 68, the magnetic force causes the lower end of
armature 73 to continue its movement toward side wall
64 of pole piece 63 for a short distance but far short of
contact with side wall 64. Thise movement of arma-
ture 73 after the closure of the contacts causes it to
pivot longitudinally about contact 78. This pivotal move-
ment 1s imparted to the contact member 78 which par-
tially rotates and abrades against the ridges of groove
62 to wipe off any accumulation of molecular film. Ad-
ditionally, contact 78 moves up and down in groove $9
to increase the abrasive action and further polish the
contacting surfaces. Consequently a polishing action oc-
curs which insures good electrical contact even under
such adverse conditions as occur in low voltage and low
current circuits. If the hemispherical contact should
touch one ridge only, it is pulled into contact with the
sccond ridge. Any bouncing back and forth between
contacts is rapidly damped and solid two point wedging
contact established. Additionally this provides an addi- .
tional wiping action.

It should also be observed that the two point contact
arrangement reduces contact failure if a bit of foreign
material lodges between the hemispherical contact and
one of the shoulders of the groove.

Factors which make for reliability in the instant in-
vention comprise precious metal contacts, wiping action,
two peint contact, reduced area of contact, and wedging
action.

Thus the contact arrangement of the invention is par-




-

' tleularly pertment in prewdmg rehablhty in low veltage_ |
‘applications -and ifs: good. degree of longevity in conjunc-
tion with reliability make it apphcable for h:lgher voltage

. applications ‘such as telephone : swzltehbeards etc.”

In summary the:present invention 1S dlreeted toWard.

a seceﬂd contaet carrying member having a-groove con-il.-"'
| 'taet surfece mtegrally fermed thereon with the sides of -

a reley contact: structure -which- exhlblts a -greatly en-

' ‘hanced. rehablhty by means.of .a two-point -abrasive and

 wedging - contact -between 2 -contact member having an

| _essenua]ly hemispherical circuit completing surface and
- a ceepereting oroove whose shoulders or ridges aredis-
~ posed to receive the contact. member.

the ridges of the-groove are fashioned of a highly:con-
“ductive corrosion resisting -1
- inum.

sulating"
‘areas.and bites through films. . =
‘In short the present invention is du'eeted teward 2 New

" and novel contact structure characterized by an increased
reliability - combined with a simplicity of manufacture
~ which results in-a more. eeenmmcal and more desu'able'

relay structure.

- While what has- been desenbed 1is regarded to be a
- preferred embodiment of the invention it will be apparent ~
- that variations, rearrangements, modifications and changes.

10
The circuit com-
pleting surfaces of the hemlspheneal contact member and

metal, such as geld or plat-

-The contact arrangement produces a wiping and
“wedging action which inhibifs the accumulation of in- -
films- on the -surfaces of the coeperatmg contact

25

15

._ ';:'8'5 |

_contaet sets d_Jsposed in.spaced, adjacent fﬁlaﬁen* each of .

Wmeh sets_includes :a. ﬁrst .contact carrying o member hav-

_.-u -Il--'-._ kkkkk —

mg an. essemnally_ hennspherleal contact. sw;face thereen o

“n ol L R

the groove fixedly posxtlened relative -to ‘each other;-the. '

“portions. of -said -contact. carrying members which - depend_v- o g

from said.contact surfaces extending in . opposite direc-
tions from said -contact. surfaees, support means- for said_

_first .and second .contact :carrying members including a
~ fixed support for, one. of -said -members and .a ‘flexible ..
wire .reed support for-the. other of said members to per-

mit transverse movement of the: contact :surface of one -

"member relative to the contact surface. of the other mem-
‘ber, whereby-two. point contact is. prcmded and magnetic

field producing means.operative to move said hemispheri- -
cal contact surface of :the first contact carrying member -

- into.mating relation with the: greeve surface ef the: eeeend

20
| eludes means for.supporting said magnetic field produc- =

contact carrying member. = :
2. Alrelay structure: as.set- forth in elalm 1 wmeh in-

ing means and. the contact carrying member supported by

- sajd ‘flexible reed: to-permit further flexing -of said reed
- by said- magnetle field eproduemg means subsequent to
_matmg of eald contact surfaees | S

“'may be made therein without departing from the scope

of the- present 1nventmn -as deﬁned by the appende.nt |

- claims.
~We claim:

1 A relayx afrangement cemprlsmg a plurahty of

30
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