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This invention relaies to electric switches of the multi-
ple contact type and in particular to manually operated
switch mechanisms which are adapted to adjust voltage
ratios in stationary induction apparatus having windings
provided with taps.

The service required of tap changing switches for
stationary induction apparatus is different from that
required of ordinary multiple contact electric switches in
that while the latter must be capable of safely interrupt-
ing the maximum current which it is designed to carry,
a tap changing switch has no current interruption rating
but must carry full load current under normal conditions.
Thus the problems of quick makes and breaks are rela-
tively unimportant in manual tap changing switches, but
the securing of adequate comtact area and contact pres-
sure between the relatively movable, current carrying
parts is signally important. Tap changing switches are
well known wherein adjacent pairs of stationary contact
posts arranged in an arc are adapted to be sequentially
engaged by a bridging-type movable contact carried by a
rotatable contact arm and urged by relatively heavy spring
means radially outward to provide the required contact
pressure against the stationary contact posts. Occasion-
ally, when moving between tap positions, this movable
bridging-type contact “hangs up,” i.e., remains suspended,
at or near the dead center position of a stationary contact,
thus undesirably keeping the electric circuit open and in-
terrupting electrical service.

‘It is an object of the invention to provide a manually
operated tap changing switch having means to prevent
“hang up” of the movable contact.

it is a further object of the invention to provide a
stored energy operating mechanism for a tap changing
switch wherein the torque acting on the movable contact,
resulting from the storage of energy, is insufficient to
actuate the movable contact past a stationary contact
until the operating means has rotated beyond the dead
center of the stationary contact, thereby assuring that a
turning moment will always be exerted against the mov-
able contact when it is on dead center of a stationary
contact and eliminating the possibility of the movable
contact remaining suspended between taps.

These and other objects and advantages of the inven-
tion will be better understood from the following descrip-
tion when taken in conjunction with the accompanying
drawing wherein:

Fig. 1is a vertical sectional view through a tap changing
switch embodying the invention;

Fig. 2 is a vertical sectional view taken on line 2—32
of Fig. 6;

Fig. 3 is a horizontal sectional view taken on line 3—3
of Fig. 2;

Fig. 4 is a view similar to Fig. 3 taken after rotation
of the switch operating means but before the movable
contact has been actuated to a new tap position;
~ Fig. 5 is a horizoatal sectipnal view taken on line 5—5
of Fig.'1; and
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Fig. 6 is a top view of the tap changing switch of
Fig. 1.

The invention will be illustrated and described with
reference to a three phase, network transformer tap
changer of the vertical “in-line” type having the tap
changers for the three phases positioned one above the
other. However, in order to illustrate the construction
in sufficient size to facilitate the understanding of the
invention, the tap changer 18 for only a single phase will
be illustrated and described, it being understood that the
tap changers of the other phases are similar thereto. The
tap changers of all three phases are housed in an arcuate-
in-cross-section mounting support 11 of insulating ma-
terial, and each tap changer 10 includes a circular insulat-
ing base 15 secured by screws (not shown) to the mount-
ing support 11 and having a plurality of circumferentially
spaced apart, metallic, stationary contact posts 16 extend-
ing therethrough arranged in an arc. Each stationary
contact post 16 includes a metallic stud 17, preferably of
copper, having a portion of reduced diameter 18 extend-
ing through base 15 surrounded by insulating collars 19
above and below the base 15. The coilar 19 below base
15 is adjacent a washer 28 which is supported on a
shoulder formed at the junction of the reduced diameter
portion 18 and the larger diameter portion of stud 17,
and a hezagonal nut 21 threadably engaging the end of
reduced diameter portion 18 bears against a washer 22
which is adjacent the collar 19 above base 18 to clamp
the collars 19 against the base 18 and thus rigidly secure
the stationary comtact post assembly 16 to the base 13.
Electrical conductors (mot shown) from taps on the
corresponding transformer phase winding may be crimped
into axial openings (not shown) in the lower end of
the studs 17.

A rotatable operating shaft 23 extending axially
through insulating base 15 has rigidly secured fo its lower
end a contact arm 25 carrying the movable contact of
the tap changer switch. The contact arm 25 is U-shaped
in horizontal cross section (see Fig. 5) and provides a
radially extending compartment 26 adapted to receive a
helical compression spring 28 for resiliently urging a
movable, roller-type, bridging contact 2% against the
metallic studs 17. The roller-type contact 29 is I-shaped
in vertical cross section, the stem forming a spindle 31
fitting within a U-shaped-in-cross-section vertical slot 32
(see Fig. 5) in a spring seat member 33 which is slidable
within compartment 26 and includes a shank portion 34
extending within compression spring 28. The upper and
lower portions 35 of movable contact 29 are circular,
and it will be apparent that when in the position illus-
trated in Fig. 5, roiler contact 29 will bridge between
and electrically comnect contact posts 18z and 18b fo
vrovide a desired tap connection on the corresponding
transformer phase winding. The contact posts 16a and
165 oppose rotation of contact arm 25 carrying movable
contact 29, and when operating shaft 23 is rotated, for
example in a clockwise direction, as seen in Fig. 5, the
reaction of contact post 16b will canse radially inward
movement of rolier contact 29 and spring seat 33 to com-
press spring 28. A predetermined torque must be applied
to operating shaft 23 to rotate movable contact 28 past
staticnary contact post 16b, and after movable coantact 29
has rotated past the contact post dead center position,
i.e., the radial line through the center of contact post 16h
and the axis of operating shaft 23, compressed spring 28
will move the roller contact 29 with a snap action to
bridge between and electrically connect contacts 16b
and 16c and thus provide a desired tap connection of
the transformer phase winding.

Preferably tap changer switch 14 is manually operated,
after the transformer is de-energized, by engaging a
wrench or other suitable tool (not shown) with a
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hexagonal operating knob 36 secured by means such

as a pin 38 to a rotatable drive rod 39. The drive rod
39 extends through and rotates freely within a clearance
aperture 49 in a top support plate 42 secured by screws
43 to the mounting support 1i. Unthreading of screws
43 is prevented by a bolt locking plate 45 having ears
46 (see Fig. 3) bent over against the flat surfaces on
the hexagonal head on bolt 43 to prevent rotation there-
of. A pointer 48 integral with operating knob 36 co-
operates with indicia 4% on a guide plate $8 (see Fig. 6)
to indicate the position to which tap changer 16 is
moved,

Rotation of operating knob 36 is transmitted through
the switch operating mechanism of the invention to
actuate movable contact 22 between tap positions. A
lower support plate 52 is secured to mounting support
1% by boits 53 and unthreading thereof is prevented by
bent-over ears 46 on a bolt locking plate 45. A vertical
driven shaft 54 extending through and freely rotatable
within a clearance aperitze 53 in lower support plate
52 carries a framsverse drive pin 56 extending throug!
the lower end thercof and is rigidly affixed at its upper
end by suitable means such as brazing to a circular driven
member §8. A circular drive member 59 coaxial with
and spaced axially from driven member 58 is rigidly
affixed to drive shaft 39.

A pin-and-slot type coupling 6¢ in the means for
operatively connecting driven member 58 to movable
contact 2% includes transverse drive pin 56 fitting within
diametrically opposed, elongated slots 61 through the
sidewall of a tubular member 62 permitting relative
axial movement between the tap changer movable con-
tact and its operating means. The tubular member 62
is secured to a connecting rod 63 by a transverse pin 64
extending through the lower end of tubular member
62, through an annular spacer 66 disposed between rod
63 and the member 62, and through the upper end of
rod 63. At iis lower end, connecting rod 63 is opera-~
tively connected to the operating shaft 23 through a
sleeve member 67 surrounding the lower end of rod
63 and secured thereto by a transverse pin 68 and also
surrounding the upper end of operating shaft 23 and
being secured thereto by a transverse pin 69.

Resilient stored energy means connecting driven
member 58 and drive member 59 includes four box-like
studs 78a, 70b, 78c, and 70d disposed between members
58 and 5% with each stud 7¢ normally positioned at one
of the corners of a square. Diametrically opposed studs
70a and 78c¢ comprise driven studs and are secured to
driven member 58 away from the axis thereof by projec-
tions 71 integral with studs 78« and 70c fitting within
suitable apertures in driven member 58. Similarly
diametrically opposed drive studs 780 and 704 are secured
to drive member 59 away from the axis thereof by pro-
jections 71 integral therewithin fitting within suitable
apertures in drive member 59. The energy storage means
for resiliently connecting drive member 59 and driven
member 58 also includes spring gnide means preferably
in the form of four spring guide rods 74 supported by
the studs 78. PBach adjacent pair of drive and driven
studs, for example studs 78b and 76c, support a spring
guide rod 74b which is rigidly connected to one stud of
the adjacent pair, e.g., rod 745 connected to stud 76b,
and extends freely through a clearance aperture 75 in
the other stud, i.e., 76¢, so as to permit both longitudinal
movement and pivoting of spring guide rod 74b within
clearance aperture 75.

The resilient energy storage means for operating mov-
able contact 29 also includes a helical compression spring
77 circumjacent each spring guide rod 74 bearing at
one end against one drive stud, e.g., spring 77b bearing
against stud 705 to which the rod 74b is secured, and at
its opposite end against a washer 78 which is disposed
-against a driven stud, i.e., against the stud 70c through
which spring guide rod 74b freely passes. It will be
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apparent that turning of operating knob 36 clockwise
when viewed from the top will, through drive rod 39,
rotate drive member 59 and drive studs 706 and 704
carried thereby in a clockwise direction and compress
springs 770 and 77d against driven studs 70a and 70c
secured to driven member 58. Continued rotation of
operating knob 36 in a clockwise direction causes spring
guide rods 74 tc pivot within clearance apertures 75 and
to extend further through driven studs 7&c and 78a, there-
by further compressing springs 77b and 77d as shown in
Fig. 4. The compressive loading of springs 77b and
77d exerts a turning moment against studs 76c and 70a
tending to rotate driven member 58 which is resisted by
the force of helical spring 25 urging roller contact 29
radially outward. As mentioned hereinbefore a pre-
determined torque must be exerted against contact arm
25 to move roller contact 29 radially inward sufficiently
to permit rotation of contact arm 25 and movable con-
tact 29 past stationary contact post 16b. 'The compres-
sion springs 77 are chosen so that the torque exerted on
driven member 39 due to energy stored in the means re-
siliently connecting drive and driven members 58 and 59
upon rotation of operating knob 36 is less than said pre-
determined torque until drive member 59 has rotated
an appreciable distance past the dead center position
of stationary contact post 16b. It will be apparent that
the operating knob 36 and the drive member 59 rigid
therewith have two extreme positions of movement (i.e.,
the positions marked A and B on indicia plate 50) cor-
responding to the position occupied by movable contact
29 when it electrically connects stationary contacts 16a
and 16b and the position when it bridges between sta-
tionary contacts 16b and 16c. The operating knob 36,
the drive member 59, and the movable contact 29 all
move through the same included angle between switch
positions, and the arrangement is such that the drive
member 59 operates a substantial distance, which is
greater than half the angle between its two extreme posi-
tions of movement, before the movable contact 29 is
actuated to a new tap position. This assures that a
torquz is always exerted against contact arm 25 tend-
ing to rotate it to the new tap position when the contact
arm is on the dead center position of the stationary con-
tact post, ie., the radial line extending through the cen-
ter of the contact post and the axis of rotation of the con-
tact arm. If the drive member 59 has rotated past this
dead center position before the energy stored in springs
77 is sufficient to exert this predetermined torque re-
quired to rotate contact arm 25 and movable contact
29 past stationary contact post 16, a torque will always
be exerted against contact arm 25 when it is on dead
center position tending to rotate it to the succeeding tap
position, thus assuring that the tap changer switch can-
not “hang up.”

Rotation of operating knob 36 in a counterclockwise
direction will rotate drive plate 59 and drive studs 705
and 704 connected thereto in a counterclockwise direc-
tion to compress springs 77z and 77c against driven
studs 70a and 70c respectively, and when the turning
moment exerted on driven member 58 resulting from
the emergy stored in compressed springs 77 is greater
than this predetermined torque, the roller contact 29
is moved counterclockwise to electrically bridge between
an adjacent pair of stationary contact posts 16.

It will be apparent that movement of drive member 59
a substantial distance between its extreme positions of
movement before roller contact 29 is moved between tap
positions assures that the movable contact arm 25 cannot
“hang up” in dead center position.

The torque for operating the other phase tap changers
(not shown) is transmitted through a rod 80 rigidly con-
nected to the lower end of contact arm 25.

While the preferred form of energy storage means of
the invention has been illustrated and described as in-
cluding two pairs of diametrically opposed springs and
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“spring . gulde _means .in - the form of spring . guide rods
.extending through “the :springs, it will be apparent that
the resilient means dnvmgly connecting the driven and
driving -members .58 and 59 .can .assume other forms.
‘For. example, suitdble reversible .drive means- can utilize
only.two springs reacting:between a.pair of diametrically
. .opposed. studs.70..carried by the driving, or .the driven,
.member.and.asingle: stud. carried by .the.other member;
-the .guide.-means “for the springs can take other forms;
_or tension .springs “instéad .of .compression springs can
‘be utilized to provide the desired resilient .connection.
Thus, while only a single embodiment of the invention
has been:illustrated -and ~described, -it -will be apparent
that many -modifications .and .variations . thereof will be
apparent to those $killed in’the ait, and consequently it
‘is ‘intended in -the - appended ¢laims to cover -all such
:modifications-and -variations-as-fall-within the'true-spirit
and scope of the invention.

Ttis claimed:

i1.%In-combination,-a- contact - artn ‘movable ‘in“an- ar-
-cuate ! path : about--an -axis-of -rotation and mcludmg a
‘movable tcontact -carried - thereby 'resiliently ‘biased in a
radially outward +direction, -a :plurality of cylindrical
stationary contacts arranged in a circle about said axis
‘of rotation “and -adapted “to “be “sequentially engaged in
bridging relation by said movable contact and opposing
movement of said arm and said movable contact about
said axis, said movable contact being movable radially
inward out of opposing engagement with one of said
stationary contacts upon the application of a predeter-
mined torque to said contact arm, a driven member
operatively connected to said contact arm and rotatable
about said axis, a rotatable driving member coaxial with
and spaced axially from said driven member, a pair of
diametrically opposed driven studs on said driven mem-
ber positioned away from said axis and a pair of di-
ametrically opposed driving studs on said driving member
positioned away from said axis and between said driven
studs, a spring guide rod between each adjacent pair of
driving and driven studs and a spring circumjacent each
said rod bearing at one end against a driving stud of said
adjacent pair and at its opposite end against a driven stud
of said adjacent pair, each rod being affixed to one
stud of said adjacent pair and the other stud of said
adjacent pair having a clearance aperture therethrough
freely receiving said rod and permitting both longitu-
dinal movement through and pivoting of said rod within
said aperture, the arrangement being such that the torque
on said driven member resulting from loading of said
springs incident to rotation of said driving member is
less than said predetermined torque until said driving
member is moved beyond dead center of said one sta-
tionary contact, thereby preventing hangup of said mov-
able contact on said dead center position.

2. In combination with a tap changing electrical switch
having a plurality of cylindrical stationary contact posts
arranged in an arc and a movable arm including a mov-
able contact carried thereby resiliently biased radially
outward and adapted to sequentially engage and elec-
trically connect adjacent pairs of said posts, said arm
being rotatable about an axis through the center of said
arc in response to a predetermined torque to actuate
said movable contact past one of said stationary posts
and into bridging relation with said one post and a
succeeding post, drive means for said movable contact
including a driven member rotatable about said axis
and operatively connected to said arm, a rotatable driv-
ing member coaxial with and spaced axially from said
driven member, a pair of diametrically opposed driven
studs on said driven member disposed away from the
axis thereof, a pair of diametrically opposed driving
studs on said driving member disposed away from the
axis thereof and between said driven studs, a guide rod
between each adjacent pair of driving and driven studs
affixed to one stud of said pair, the other stud of said
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,adjacent pair of driving and driven studs having a clear-

ance aperture therethrough freély receiving said rod and

_permitting both . longitudinal movement -of _saJd rod
-through and pivoting'of said rod within said clearance

aperture,.and a spring circumjacent each said,,gui'de. rod
bearinig at each end against one of said adjacent palr.of
driving:and driven studs, said driving member rotating

‘through the same predetermined angle as said movable

contact arm ‘between switch  positions .aﬁd the arrange-
ment being.such that the moment exerted against said

‘driven ‘member resilting from -loading of said springs
.incident "to rotation of said driving member increases

until it exceeds said predetermined torque andsaid mo-
ment is instfficient to moeve said movable contact;past said
one contact post until said . driving member .is. moved

through an angle. greater than half said predetermined

angle whereby hangup of said movable-contact on:said
one contact post is prevented. _ _
"3, In combination with a manually "operable rotary

.type reversible electrical switch having.a plurality .of

stationary contacts arranged.in a circle, a shaft. rotatable

..about an axis through the center of said .circle, and a
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movable roller contact carried by said shaft .and biased
radially outward into bridging engagement with a.pair

‘of adjacent stationary.contacts .and being movable .se-
"quentially past said stationary contacts upon rotation of

said shaft, said shaft being adapted in response to a
predetermined torque to move said movable contact
past a dead center position on one of said stationary
contacts and through a predetermined angle into bridging
engagement with said one stationary contact and a suc-
ceeding stationary contact, a driving member rotatable
about said axis and spaced axially from said roller con-
tact, a driven member rotatable about said axis and
operatively connected to said shaft, resilient energy stor-
ing means operatively connecting said driving and driven
members in both directions of rotation of said driving
member, said driving member being rotated through the
same predetermined angle between switch positions as
said shaft and said movable contact and the arrange-
ment being such that the torque acting on said shaft
resulting from energy stored in said energy storage means
incident to rotation of said driving member is less than
said predetermined torque and insufficient to rotate said
movable contact past said dead center position until said
driving member has moved through an angle greater
than half said predetermined angle, thereby preventing
hangup of said movable contact on said dead center
position.

4. In combination, a rotary electrical switch having a
movable contact and means including a spring opposing
movement of said contact between switch positions so
that a predetermined torque must be exerted against
said contact to actuate it between switch positions, a
reversible operating mechanism for said movable con-
tact including a rotatable driving member, a rotatable
driven member coaxial with and spaced axially from
said driving member and being operatively connected to
said movable contact, a pair of diametrically opposed
studs on said driving member disposed away from the
axis thereof and a pair of diametrically opposed studs
on said driven member disposed away from the axis
thereof and between said studs on said driving member,
four compression springs arranged in diametrically op-
posed pairs and each bearing at one end against one of
said studs on said driving member and at the opposite
end against one of said studs on said driven member,
and four guide rods each extending through one of said
springs and being supported adjacent its ends by one
of said studs on said driving member and one of said
studs on said driven member and being movable rela-
tive to one and fixed relative to the other of its support-
ing studs, rotation of said dnvmg member in one direc-
‘tion compressing one pair of diametrically opposed
springs against the studs on said driven member until
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the resulting torque on said driven member is equal to
said predetermined torque and rotation of said driving
member in the opposite direction compressing the other
diametrically opposed pair of springs against the studs
on the driven member until the resulting torque on said
driven member is equal to said predetermined torque.

5. In combination, a rotatable shaft, a plurality of
cylindrical stationary contact posts arranged in an arc
having its center coincident with the axis of said shaft,
a radial contact arm on said shaft, a roller contact car-
ried by said arm, spring means for resiliently biasing
said roller contact radially outward to a first position in
bridging relation with a pair of said contact posts, said
contact posts opposing movement of said roller contact
and said shaft being operable in response to a predeter-
mined torque to move said roller contact to a second posi-
tion on an opposite side of one of said pair of posts and in
bridging relation with said one post and a succeeding
post, operating means for said shaft and said roller con-
tact including a driving member rotatable about said
axis and spaced axially from said contact arm and said
roller contact, said operating means also including re-
silient energy storage means operatively connecting said
driving member and said shaft, said driving member hay-
ing two positions of extreme movement corresponding
to the two positions of said roller contact, the moment
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. for actuating said shaft available from said energy storage

means upon rotation of said driving member increasing
until it exceeds said predetermined torque and said mo-
ment being insufficient to move said shaft and said roller
contact from said first position to said second position
until said driving member has rotated a substantial dis-
tance between said two positions of extreme movement,
said operating means including first spring means for
actuating said shaft when said driving member is rotated
in one direction and second spring means for actuating
said shaft when said driving member is rotated in the
opposite direction.
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