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TRANSFER SWITCH FOR HIGH-FREQUENCY
HEATING SYSTEMS |

Carl E. Ellswerth Louisville, and Arthur E,
Gilbert, near LOIIISVIHE, y., assignors to The-
Girdler Corporation, Louisville, I&y., a corpora-

tion of Delaware

Application August 20, 1947, Serial No. 769,698
' (CL 200—8)

14 Claims.

1
This invention relates. to transfer. s**rztcnes of
the type particularly applicakle for use with high-

frequency. heating systems.and has for an object

the provision of a transfer switch which is rela-
tively compact, rugged iz construction, easily op-
erated, and which insures thie completion of cir-
cuit connections with a mlmmhm of ﬂlﬂﬁtmcal re—
sistance. -

In the arplication of 616{31}]1'168.1 energy to dlelec—
tric materials for the generation of heat therein,
relatively high voltages and fraquencies are uti-
ilized. For example, the voltage may be of the
order of from 1000 ic 50,060 volts with g fre-
quency of the order of from: 1,000,000 cyvcles per
second to 10,000,600 cycles per second, and above.
Since the hesating effect is proportional to the
square of the voltage and directly to the fre-
quency, it is desiralble for any given installation
to utilize high, optimum values of frequency and
voitage. This means that the voltages involved,

without provisicn of safety features, are danger-

ously high. The conducters are ordinarily of rel-
atively large size and, in _ﬂenerai, are -included
in conc,er:ltrlc lines.

f-'ss explained in Zottu Pa tent 2,4119 307, & trans-
fer SWltCh is- essent ml if a hig h—frﬁﬂhencsr Zen-
erator is utilized -to supply enei“gy to more than
one load for the reason that the very size of the
conductorg male;es difficult, if not im 13**&0131{3&1, t]:*

manual connection and disconnection of such
conguctors from one load to.another. The L1 ans_.-

fer . switch of said Zottu patent while satisfac-
tow leaves something to ke desired in compact-
ness, ease of operation snd the development of
desired contact pressures.

In carrying out the present invention in ohe
form thereof, there is provided in circular array
around a common center a plurality of stationary
contacts respectively connected to various loads
to be supplied with high-ifrequency energy. A
centrally lecated movakle contact may he fluid-
cooled through internally located flow ch‘annels
the contact-engaging portion itself consisting of

a. spherical contact movable intoc and out of en=

gagement with concgve sm"fsces of eacn of the
stationary contactu angd presenting to-each g dif-
ferent contact surface. Preferably, a toggle
mechanisi or eqmvahnt 1s utilized to develop
high-contact pressures and to eliminate sliding
friction during movement from one circuit-con-
trolling position to another. The high-vcliage
movabie contact is isoclated from the operating
mechanism by a plurality of insulators and is con-
nected by a flexible conductor, including a plural-
ity of Sylphon bellows, to the incoming line from
the high-~frequency separator. o -
For further cbjects and advantages of the in-
vention, reference is 0 kbe had o the foﬂawmg
description taken in conjunction with the accom-
panying drawings, in which-the transfer switch

2

2.'; |
has been Iillustrated together with a grounding:
arrangement which forms the subject matter of:

a . copending application filed. by Austin .Proctor,

o, co-worker of ours, on August: 20, 1947, Serial No:
‘769,66.0. | |

In the drawings:

- Fig. 1 is a sectional elevation of a tra.nsfer--
switch embodying the invention:

Fig. 2 is a- sectmna,l view taken on the line 2--2'

v of Plig., 1;
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fig, 3'is a fractmnal view similar-to Fig. 1 but
with the parts in an open circuit position:

Fig. 4 is a.view. taken on the line 4—4 of Fig, 1;
and

Mg, b is an 1sometr1c view of the switch illuss
trating thie manner: in which the operating
nandle prejects from the enclosing housing.

Referring to the drawings, the invention in one
form has- been shown as: applied.to a transfer

switch comprising a movable contact 10. which:

in its preferred-form is provided with curved con-
tact surfaces {8a. Asshown, the movable contact
13 is hollow and spherical, with the lower end
thereof provided with a-stud i1 extending through
an arm 12 and secured in place by.a nut. (3
located on the outer threaded end thereof. The
arm 12 extends from a. supporting. member:or
bracket 14 having a conical or concave surface
14a 10 form a line contact with _the,ba;ll—.shaped.
movable-contact 10. The stud 1 is loosely dis-=
posed within the opening in the-arm 12 so that
when the supporting member or bracket {4 is
moved to the right against the movable contact
13, the concave surface. t4q is pressed against. it..
In Fig, 1 the movable contact (s illustrated in.
one circuit-controlling position for transfer: to
energy from a- flexible conductor (5 through
movabile .contact (2 and a statlonary contact 16,
by way of the inner conductor {T:0of g concentrié -
line to a seleected load (not shown) - connected
thereto. The outer conduector 18 of the - con-
centric line is connected to-the housing 18 of the
switch, which housing may include angle - sup-
ports 20 and 21 from which there-extend 1nsula—
tors 22 and 23 for supporting the stationary-con=
tact 6. The stationary contact 16 is also pro-
vided with a concave or conical surface- {6 which

also provides- line contact with the- ball—-sha;ped

movable contact 10,

The flexible conductor 15 is- hollow and-is made
flexible by formmg it ‘from a series of Sylphon
beliows, only four- of whlch the bellows 24—27,

~are shown. The conductor 15 is secured. at one

end to a connector 15¢ and’ forms an extension
from the inner conductor 29 of a. concentmc line,
having an-outer conductor 30. The conductors
28 and 30 are: dlrectly connected to the output_
terminals of the high- frequency generator. The
coenductor 29 is of ‘course secured to connector
The movable contact 10 may be operated
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into and out of engagement with any selected one
of the stationary contacts by means of an operat-
ing handle 31 which includes an actuator 32. To
isclate the movable contact 10 from the operat-
ing handle 31, a plurality of insulators, such as
insulators 33, 34 and 35, in triangular array ex-
tend between the bracket {4 and a bracket or
member 36 secured to the end of an actuating
rod 37. The rod 37, supported in bearings 38
and 39, is connected to one end of a link 40 of
a toggle mechanism, the other link thereoi being
formed by an extension of the handie 31 which,
it will be observed, is pivoted by a screw 42 ex-

tending through a bracket 43. With the toggle in -

the straightened position.as shown in Figs. 1 and
2, there will be developed a very substantial force
pressing the movable contact {0 into line con-
tact with the stationary contact (6. Upon press-
ing. the latch actuator 32, a latching arm 44 is
withdrawn from beneath a part of a rotatabie
frame or turntable 45. The operating handle 31
may. then be moved upwardly, as viewed in Figs.
1, 3 and 9, to rotate its toggle-extension down-
wardly to break the toggle. This movement
moves the rod 37 to the left to withdraw the
movable contact 10 from engagement wth the
stationary contact 16, "As this movement occurs,
an arn 384 extending from the member 36 ro-
tates an actuating rod 46 in a clockwise direction
around its pivotal support 47. When this occurs,
a. compression spring 48, acting on a collar 49
secured to a rod 50, moves the rod to the left
through its guides 5t, 52 and 53 to rotate a
grounding contact arm 54 about its pivotal sup-
port 55.

- The lower end of the arm 54 has a pin 506 ex-
tending through it and into a slot 5T formed in
an adjustable member carried by the rod 50.
The grounding arm 54, Fig. 4, is provided with
four sets of contacts. The pair of contacts 58,
upon clockwise rotation of the arm 54, engage
the grounded outer conductor 18, Fig. 3, of the
concentric line, while the pair of contacts 59
resiliently form a wiping engagement with the
inner conductor IT1T. Thus, as the movable con-
tact 18 disengages the stationary contact 16, the
inner conductor 17 of the concentric line and the
housing 19 is grounded in avoidance of all
hazards to the operator at the load which is
being disconnected from the high-frequency
generator.

It will be observed that each of the remaining
stationary contacts is provided with similar
grounding arms 94 together with their associated
contacts and that these are in positions for
egrounding each of the inner conductors of the
lines extending from the transfer switch. By
reason of these provisions, maximum safety is
attained inasmuch as the interruption of the
grounding connection can occur only when there
is deliberate operation of the handle 31 to con-
nect a particular concentric line and load to the
high-freqguency generator, as to the supply con-
ductor 29.

. It has already been mentioned that the movable
contact {0 may be fluid-cooled for some ap-
plications of the invention. If air be introduced
through a flexible tube 60 for producing a blast
of cooiing air against the hollow inner surface of
movable contact 10, with exit thereof around the
outer surface of the fiexible tube 60, the resulting
alr pressure within the bellows 24-—28 may tend
to elongate them. Accordingly, it is preferred

that there be provided one or more tension mem-
bers to resist elongation of the flexible con-
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4
ductor 15. Preferably the flexible tube 68 is g0
constructed as itself to resist elongation. For ex-
ample, it may include either as an integral part
thereof or separately therein tension members
such as a cable 61 which resist elongation with-

cut materially decreasing the flexibilily of con-
ductor 15 about the axis of the inner conductor
29, It is further contemplated that the tension
members themselves may extend between the
movable contact 10 and the connector {8¢ carried
by the supporting plate 62 into which the flexible
conductor 15 is also secured as by the screws 63.
The tension-resisting elements may be utilized
with or without cooling of contact 10 and whether
or not a liquid be used as a cooling medium in
place of circulation of air, or other cooling gas.

Thus far there has been described the operation
of the switch from 1its position illustrated in
Figs. 1 and 2 to the position illustrated in Fig. 3.

After the operation of the switch to the open-
circuit poesition illustrated in Fig. 3, the movable
contact 10 may be rotated into engagement with
any selected one of the stationary contacts. Ior
example, the handle 31 may be lifted from its
position shown in Figs. 1 and 5 upwardly and out
of an indexing recess 64 and thence along a
circumferential slot 69, Fig. o, formed as a part
of the housing (9 until it coincides with another
indexing slot, such as one of the slots §67¢, 68a
and €%a¢., Thereupon the handle 3 is moved
downwardly to straighten the toggle and to move
the contact 10 into engagement with the cor-
responding one of associated staticnary contacts
67, 68 or 65, shown in Fig, 2. Of course, any other
position may thereafter be selected for operation
of the switch. -

The movable-contact assembly, Fig, 1, includ-
ing the turntable or frame 45, is rotatably sup-
ported on a subframe T0 by means of a bearing
11 of the frame 45 which receives a bearing
member 12 extending upwardly from the sub-
frame 10. A further indexing mechanism is pro-
vided by a spring 13 which urges a ball 74 into
recesses 19 formed in the upper plate of the sub-
frame T0 in positions corresponding with the
locations of the stationary contacts.

Each of stationary contacts {6, 67, 68 and 69
is mounted on the inner conductor of a concen-
tric line, the outer grounded conductors i6, 11,
18 and 19 of which are shown in Fig. 2.

It is, of course, to be understood that interlock
contacts will be provided, so that immediately
upon upward movement of the operating handle
3l, or upon releasing movement of the latch
actuator 32, the high-frequency generator will be
deenergized. Such interlock contacts are con-
ventional, and, therefore, have not been illus~-
frated; see for example the interlock contacts
[19 of the aforesaid Zottu Patent No. 2,419,307.
Besides personnel protection, it is intended that
the high-frequency generator shall always be de-
energized before operation of the selector switeh
in order to avoid any arcing between the mov-
able confact [0 and any selected stationary
contact.

In the operation of the switch from one circuit-
closing position to another, it is to be observed
that the movable contact [0 will rotate relative
to the bracket 14 and its supportineg arm 12.
This is particularly advantageous since such
relative rotation will bring into registry with each
stationary contact a different contact-engaging
surface of the curved movable contact (0. Thus,
wear on the movable contact 10 will be distributed
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over a substantial part of the curved surface
This: advantageous. result is brought.

thereof.
about by the pivotal mounting of the movable
contact 10 on the arm 12 and by reason of the
fact. that the flexible conductor 15 dees not turn
or twist about its center line.

of the contact 10 relative to the arm [2.
flexible conductor 15 need not be formed of a

plurality of Sylphon bellows since any flexible:
conductor may have one end attached to the.

connector IS¢ and may extend downwardly to-
ward the circular array of stationary contacts

{6, 67, 68 and 69, and thence outwardly and in:

spaced relation with the plane thereof, and thence
downwardly to the movable contact 10. With

such a flexibie conductor, as 15, the movement.

f the free end thereof to which the contact 10

is secured describes an are having a radius some-

what less than that.of the circular array of sta-
tionary contacts.

. In oether words, it
assists in producing the relative rotary motion
The:

The flexible conductor 15 not

6;

ductor for flow of a coolant into and out of said
hollow contact in heat exchange therewith.

4. A transfer switch comprising a sperical mov-
able- contact, a plurality of stationary contacts
spaced one: from  the other in circular array
around said movable contact, means including an
operating mechanism rotatably supporting said

- movable contact for movement into alignment

10

15

20

only provides for the circular motion but also for

the radial motion during movement of contact

[0: into and out of engagement with. a selected

stationary contact. |
While a preferred embodiment of the invention
has been illustrated, it is to. be understood that
further modifications may be made without. de~
parting from the scope of the appended claims.
What is claimed is: |
1. A transfer switech comprising a plurality of

30:.

stationary contacts laterally spaced one from the-

other, a movable contact, a bracket for support~

ing said movable contact for rotation relative to.

sald bracket, actuating mechanism for moving:

sald bracket to move said movable contact into

and out of engagement with a seleeted. stationary

3%

contact, a flexible conductor having one end se-.

cured to said movable contact and having its op-
pPosite end anchored in spaced relation thereto,
sald: flexible conductor being effective to produce:

44

relative rotation between said: stationary contact.

and said bracket.
2. A transfer switch comprising a. plurality of

stationary contacts laterally spaced one from the.
other, a movable contact, a bracket: for support-

Ing: said movable contact for rotation relative ‘to

|

Wb

said: bracket, actuating mechanism for moving

sald brackel to move said movable contact. into.
and out of engagement with a. selected. stationary
contact, a hollow flexible conductor having:
lateral flexibility but resisting rotary movement

about the: axis: thereof, one end of said fexible:
conduector being secured to said movable contacy,.
supporting means: for said conductor snaced from

sald movable contact and said bracket, said con-~

ductor resisting rotation thereof to bring differ-
ent areas of said movable contact into engage-~.
ment with each of said stationary contacts.

3., A transfer switch comprising a plurality of
stationary contacts laterally spaced one from the:

00.

other, a hollow spherical movable contact, a.
bracket for supporting said movable contact for

rotation relative to.said bracket, actuating mech-

anism for moving said bracket to move said mov- -
able contact into and out of engagement with a.

selected stationary contact, a hollow flexible con-
ductor of construction providing lateral flexibility

but resisting rotary movement about the axis.

thereof, one end of said flexible conductor being
secured to said movable contact and resisting ro-
tation thereof to. bring different areas of said

movable contact inte engagement with each of

sald stationary contacts, and a flexible fluid con-
duit extending lengthwise of said flexihle con-

a4

70

- T5

with any selected one of said stationary con-
tacts, said operating mechanism including means.
connected to said movable contact for moving
1t generally radially toward and away from a se-
lected stationary contact and for developing high
contact pressures whan said movable contact en~
gages 2 stationary eontact and for relieving that
pressure as sald movalile contact disengases 2
stationary contact, said operating mechanism in-
cluding a pivotal support for movement of said-
mechanism and said movable contact from one
stationary-contact position to another, and g flex-
ible conductor connected to and movable with
sald movable contacet but which resists rotation
about. its own axis to produce relative roitation
between said movable contact and said operating

- mechanism as the latter is moved from one sta-

tlonary contact position to another to present dif-
ferent areas of said movable contact to each of
said stationary contacts. |
9. The combination set forth in claim 4 in
which each of said stationary contacts is pro-

vided with a conical surface for engagemsnt by

sald movable contact and said operating mech-
anism- is provided with g pressurg-applying
membper having a. conical surface for engaging
said movabhle contact. |

6. A transfer switch comprising a plurality of
stationary contacts spaced one from the otHer
in.a common plane and in circular array about a
cammon . axis, a supply conductor spaced out-

wardly from said common plane of said station-

ary contacts with the adjacent end thereof sub-
stantially concentric with said common axis, a
flexible conductor connected at one end to said
adjacent end of said supply conductor and ex-
tending both axially toward and radially outward
fronr said common axis to a point adjacent to,
but within the radius of, said circular array of
said stationary contacts, a movable contact, hav-
Ing a.spherical contact surface, connected to the

Iree- end of said flexible conductor, operating

mechanism, means supporting said mechanism
for rotation about said ecommon axis, said op-
erating mechanism including insulating means
interposed between said axis and said movable
contact.for electrically insulating the latter from
the remainder of said mechanism but serving as:
a- mechanical connection between said movable
contact and said remainder of said mechanism,
the disposition and flexibility of said flexible con-
ductor providing for movement thereof with said.
movable-contact about said circular array of sta--
tionary contacts.

7. A transfer switch comprising a plurality of
stationary contacts spaced cne from the other
In circular array about a common axis, & mov-
able contact, each of said stationary contacts
and. said. movable contact having curved contact-
engaging surfaces for nesting relation one with .
the other, a pivoted supporting member having
spaced guides, an actuating member carried Ny
sald guides and slidable with respect thereto in
directions normal to said axis, means inecluding
sald actuating member for supporting said mov-
able contact and for moving it into and out of
abutting engagement with a. selected stationary .
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.

contact, an operating handle pivotally connected
to said supporting member and 1o said actuating
member for rotating said supporting member and
said movable contact from one to ancther of
said stationary contacts, a flexible conductor di-
rectly connected at cne end to said movable con-
tact, and means supgorfing sald flexible conduc-
tor in spaced insulated relation with said pivoted
support and from said actuating membsar forv
movement of said end with said movable con-
tact from one to another of said stationary-con-
tacts. - |

8. A transfer switchh comprising a plurality of
stationary contacts spaced one from the other in
circular array abouli a common axis, a movable
contact, each of said stationary contacis .and
said movable contact having concave and con-
vex contact-engaging surfaces for nesting rela-
tion one with the other, a pivoted supporting
member having spaced guides, an actuating
member carried by said spaced guides and slid-
able with respect thereto in directions normal to
said axis, means including said actuating member
for supporting said movable contact and for mov-
ing it into and out of abutting engagement with a
selected stationary contact, an operating handle
pivotally connected intermediate its ends to said
supporting member, a link the respective ends of
which are pivotally connected to one end of said
operating handle and to one end of said slidable
actuating member to form a toggle for rotating
said supporting member and said movable con-
tact from one to another of said stationary con-
tacts, a flexible conductor directly connected at
one end to said movable contact, means sup-
porting said flexible conductor including its other
end in spaced insulated relation with said pivoted
support and from said actuafing member for
movement of said end with said movable contact
from one to another of said stationary contacts,
an indexing member having a slot to receive
said handle when said movable contact is In
alignment with a selected stationary contact, said
movement of said handle into said slot straight-
ening said toggle to move said movable contact
into nesting relation with said selected stationary
contact and to apply substantial contact pres-
sure thereto, said handle upon being lifted from
said slot breaking said toggle and withdrawing

said slidable member and said movabie contact ¢

from engagement with a stationary contact pre-
paratory to rotation of said movable contact into
alicnment with another selecfed stationary con-
tact. | -

0. A transfer switch comprising a plurality of
stationary contacts spaced one from the other in
circular array about a common center, a movable
contact having a curved contact surface, oper-
ating mechanism for moving said movaple con-
tact into and one of engagement with a selected
stationary contact and when out of engagement
with a selected contact for moving it from one
stationary contact to another, means supporting
said operaiing mechanism for rotation about an
axis extending through said center and normal
to the plane of said circular array of stationary
contacts, means for connecting said movable
contact to o source of supply comprising support-
ing means spaced outwardly from said plane of
said stationary contacts and substantially in
alignment with said axis, said means including
a flexible conductor extending downwardly to-
ward said plane and outwardly in spaced rela-
tion with it and into conductive relation with
said movable contact, said operating mechanism

-l
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_ 8
including means for rotatably supporting said
movable contact generally in said plane of said
stationary contacts, and means including said
conductor for holding said movable contact in
fixed relation with respect to said flexible con-
ductor for presentation of different surface areas
thereof to each of said stationary contacts when
operated into selected engagement therewith.

10. A transfer switeh for high voltage, high-
frequency electrical energy comprising a plural-
ity of stationary contacts spaced from each other
in circular array around a common center, a sup-
ply connector for a supply line spaced outwardly
from the plane of said stationary contacts and
substantially concentric with an axis extending
normal to said plane and from said common cen-
ter, a flexible conductor connected at one end to
said connector and extending toward said plane,
thence outwardly thereof and in spaced relation
therewith, and thence downwardly to a point
near said plane, the free end thereof being radi-
ally within said circular array of stationary con-
tacts, a movable contact of spherical shape con-
nected with said free end and disposed in said
plane, means including a bracket supporting said
movable contact for rotation with respect there-
to, said bracket and each of said stationary con-
tacts having conically shaped surfaces for line
contact-engagement with said movable contact,
insulating means supporting and extending from
said bracket towards said cenier, a turntable ro-
tatable about said axis, and operating mechanism
carried by said furntable and connected to said
insulatine means for actuation of said movable
contact into and out of engagement with a se-
lected one of said stationatry contacts and ro-
tatable with said turntable for rotation of said
movable contact from one selected stationary
contact to another selected stationary contact,
said conductor restraining said movabkle contact
for relative rotation with respect to said bracket
to bring a different contvact surface thereof op-
posite each of said stationary contacts.

11. A transfer switch for high-voltage high-
frequency electrical energy comprising a cen-
trally disposed input conductor forming the in-
ner conductor of a high-freqguency electrical con-
centric line, a movable contact, a frame mounted
for rotation about an axis substantially concen-
tric with that of said inner conductor, actuating
means carried by said frame, said actuating
means having an insulated bracket rotatably
supporting said movable contact in electrical iSO-
lation from said frame, said actuating means also
having an operating lever extending diametri-
cally outwardly from said actuating means for
rotating said frame, said actuating means and
said movable contact from one circuit-engaging
position to another, said actuating means includ-
ing a toggle mechanism for developing high-con-
tact pressures between said movaple contact and
an associated stationary contact, and a flexible
conductor connected at one end {o said inner
conductor and at its other end to said movable
contact, said flexible conductor including a plu-
rality of Sylphon bellows to impart flexibility
thereto for all directions of movement resulting
from movement of sald movable-contact struc-
ture from one stationary contact to another and
into and out of engagement therewith,

12. The combination set forth in claim 11 in
which said movable contact is hollow, and in
which said flexible conductor includes fluid-
transmitting means for flow of a stream of cool-
ing fluid into heat exchange relation with said
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movable contact, and thence outwardly there-
from for minimizing rise in temperature thereof.

13. A transfer switch comprising a movable
contact and at least one stationary contact,
means including an operating mechanism rota-
tably supporting said movable contact for move-
ment into alighment with said stationary contact,
sald movable contact being hollow, a hollow fluid-
conducting flexible conductor connected to said
movable contact for flow of current thereto, and
a fluid-conducting conduit disposed within said

hollow conductor for flow of cooling fluid di-

rectly into heat exchange relation with said mov-
able contact for cooling the same and outwardly
therefrom in the space between said flexible con-
ductor and said conduit disposed therein.

14. A switch comprising a movable contact of
spherical shape, a plurality of stationary contacts
in circular array around said movable contact,
each of said stationary contacts having a conical
circult making surface, an actuating member ro-
tatably supporting said spherical contact and
having a conical surface for engaging said
spherical contact, means for moving said actuat-

10

15

20

10

ing member to bring ifts. conieal surface into
diametral alignment with said spherical contact
and the conical surface of a selected stationary
contact, and means attached to said spherical
contact for producing relative movement with re-
spect to said actuating member for a different
diametral alignment through said spherical con-
tact for each circuit making position thereof.

CARL E. ELLSWORTH.
ARTHUR E. GILBERT.
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