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4 Claims.

This invention relates to a split core current
transformer of that type which may be employed
for rapid and accurate checking of alternating
current flows in circuits particularly for large
motors, electric furnaces, or any circuit of that
nature which may be difficult or impractical to
open in order to connect directly therein ordinary
current indicating means. The split core type
transformer eliminates the necessity of opening
the circuit under load or carrying load by reason
of the fact that a part of the transformer core
may be opened to permit the core to be carried
around the cable or bus bar to have a current
induced in the secondary winding that is provided
about the core.

A primary purpose of the present invention is
to provide a transformer structure which will
have one part of the core shiftable from closed
to open positions in such manner that the joints
between the ends of the shiftable core and the
major part of the core provide actual abutting
relation between respective laminations of the
core parts, thereby forming a low magnetic re-
luctance joint. A still further important object
of the invention is to permit easy and ready
opening of the transformer core by hinging the
shiitable section to the relatively stationary sec-
fion in such manner that the hinged portion may
be shifted or opened up with a minimum fric-
tional resistance.

The primary object, of course, above all other
pbjects is to provide a current transformer that
is extremely accurate throughout a range of pri-
mary conductor flows, and it is with this particu-
lar object in view that the combinations of ele-
ments as set forth by the appended claims have
been brought together into their novel associa-
tions. Included among other objects and ad-
vantages of the invention are the combinations
of elements contributing to the mechanical sta-
bility, compactness, relatively light weight, and
general over-all durability. ’

Reference is made to the accompanying draw-
ings, in which

Fig. 11s a view in side elevation of a structure
embodying the invention;

Fig. 2, a view in end elevation from the hinged
side thereof;

Fig. 3, a view in end elevation from the opposite
side;

Fig. 4, a top plan view;

Fig. b, a view in transverse horizontal section
on the line 5—5 in Fig. 1;

Fig. 6, a view in transverse vertical section on
the line 6—6 in Fig. 1; and
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Fig. 7, a view in perspective in disassociated
relation of the core laminations.

Like characters of reference indicate like parts
throughout the several views in the drawings.

A plurality of core laminations 10 are each
like formed to be generally U-shape, Fig. 7, the
uprer ends of the vertical legs on one side termi-
nating in square ends parallel with the lower
straight under edges. The top ends of the other
vertically extending legs of these laminations {0
are rounded off on their inner corners substan-
tially as indicated in Fig. 7. A number of these
laminations are laid one against the other in
intimate contact to form a group, over the square
end legs of which is positioned an inverteq U-
shape metaliic shield {1 having an upper curved
end I2 above those square ends and having a
downturned leg extending well down on either
side of that group of laminations, preferably at
least to the lower cross bar of the laminations
18. The legs of this shield member {{ are prefer-
ably of the same width as that of each of the
legs of the laminations (0 therebetween, and
likewise the thickness of each leg of the shield | |
corresponds to that of each of the laminations 10,
The terminal upper surface of the bend 12 of the
shield 1! is substantially at the same elevation
as the uppermost parts of the curved end legs of
the laminations 10.

A second group of laminations 13 is provided
wherein each of the laminations 13 is of the same
general configuration as the laminations 10 with
the exception that the upper ends of the legs
thereof terminate in both instances by square
ends, both of which are at substantially the same
elevation spaced below the top curved ends of the
laminations 10 a distance approximately the same
as the width of the laminations 10 and 13. These
groups of laminations {0 and 13 are alternately
placed one against the other as shown in Fig. 17
and zones with open end slots or grooves are
thereby iormed across the upper ends of the
laminations {3 between the respective spaced
apart adjacent groups of laminations 0.

In this manner an open end transformer core
is built and the various laminations in the ar-
rangement above indicated may be temporarily
tied together in that alignment in order to per-
mit secondary windings 14 and 15, Fig. 5, to be
placed about each of the upturned legs of that
core. No winding is provided about the inter-
connecting lower bars of the laminations of the
core,

To protect these two secondary windings 14
and 15 and to maintain the laminations 10 and
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13 in intimate compressive contact one laterally
against the other, face to face, & pair of sym-~
metrical housing members 6 and IT are formed,
a description being made in detail of the mem-~
ber 11 with the understanding that the member
16 is an exact duplicate thereof.

The member 11, in the present instance, is
referred to as a casting made out of preferably
a light metal, such as aluminum, in order to
reduce the over-all weight of the entire trans-
former. This member has primarily a longi-
tudinal plate 18 arranged to extend along in
intimate contact with the outer face of the up-
permost laminations i9. From this plate {8,
which is vertically disposed, extend cutwardly
horizontally therefrom respectively the top end
lower flanges 19 and 26. The under flange 20
is carried around and upwardly across the ends
of the plate 18 to join with the top flange 19.
From the top edge of the plate 18 and extending
over onto and from the top face of the flange
{9 are housing sections 21 and 22, cne towar
each end thereof. These sections 2{ and 22 are
substantially U-shape in horizontal cross-section
‘to open inwardly and have their sides extend
across in close proximity to the upper portions
of the respective laminations 10 and 3. The
inner vertical edges of these housing sections 21
and 22 terminate, either or both short of the
center of the combined thickness of the lami-
nations 10 and 13 forming the transformer core
so as to leave gaps 23, 24 between the cutermost
edges of the opposing legs of the housing sec-
tions presented by the member {1 and the other
housing member 16, Fig. 5. Likewise air gaps 25,
26 may be left between the inner edges of the
opposing legs of the housing sections of the mem-
bers 16 and {1, Fig. 5, the essential requirement
being that the two members 16 and i1 do not
form a complete metallic or electrical conduct-
ing medium entirely around the transformer
core and the secondary windings inclosed by the
respective housing sections of the two housing
members 6 and 17.

It is to be understood, as above indicated, that
‘the housing member 16, being a duplicate of
the member 11, is brought up against the back
side of the core of the transiormer. The hous-
ing sections extending upwardly have sufficient
cross-sectional open area therewithin to permit
the walls of those sections to be brought up into
close proximity with the outer surface of the
windings (4 and 15. The two members 18 and
‘11 are compressively urged one toward the other
to grip the lower end of the transformer core
below the windings 14 and I5 between the plates
18 by means of through bolts 21 and 28 passing
“through the members {6 and i1 immediately
under the laminations, and by another pair of
through bolts 28 and 30 through the same mem-
bers 16 and i1, one each at the respective lower
side portions of the core. By tightening nuts
on these bolts snugly, the lower ends of the core
laminations may be drawn tightly one against
the other to hold them in fixed positions. The
upper ends of the core laminations are coms-
pressively urged together by means of the
through bolts 3t and 32, respectively passing
through upper inner side portions of the oppos-
ing housing sections of the members 16 and 17,
the upper ends of those housing sections being
inturned by horizontally disposed flanges 33 and
34 respectively above the windings 14 and 15,
as indicated in Fig. 6, to bear by the inner flange

10

20

30

40

45

50

55

60

=)
[

70

75

2,332,127

ends directly against the respective outer faces
of the transformer core legs.

Thus by means of the lower bolts 27, 28, 29, 30
and the upper bolts 31, 32, the transforniler
core thus far described is firmly gripped between
the housing members 16 and {T and the housing
sections thereof encircle and inclose the respec-
tive windings 14 and 15 to leave the narrow
gaps 23, 24 and/or 25, 25 as the cagse may he.
Thus far the transformer core is left with an
air gap between the upper ends therecef. To
complete the core to form a continucus metal
magnetic circuit therearound, tae following de-
seribed built-up bar, generally designated by the
numeral 25, is provided.

This bar -85 consists essentially of a plurality
of groups of metal laminations, one group em-
bodying like dimensioned laminations 36, square
ended, with lengths equal to the distance from
outside to outside of the upturned legs of the
laminations 10 and §3. Each group of lamina-
tions 36 has like outer ends thereof compressibly
urged one against the other by means of a U~
shape member 3T extending from one leg along
one side of the group and curving around the
end of the laminations 36 by an outwardly bowed

portion 38 and thence around by another leg

along the opposite face of the laminations of
that groun, Fig. 7. Preferably the legs of the
member in each instance extend throughout the
lengths of the laminations 36 therehetween. A
plurality of groups of these laminations 36 thus
engaged in each instance by the members 31 are
employed and are spaced one group from the
other by an intervening group of shorter lamina-
tions 39.

These laminations 39 are identical in dimen-
sions, each lamination being formed to have an
arcuate end 49 and a square end 41 whereby a
group of those laminations 39 may be positioned
to have the arcuate ends 49 fit snugly against
the upper arcuate ends of the legs of the lami-
nations 18 on the one side and to abut the oppo-
site upturned legs of those laminations 8 on
the other side when the top edges of the lami-
nations 89 are substantially horizontally disposed
at the same elevation as that of the top ends of
the respective legs of the laminations t0. These
groups of laminations 38 are positioned longi-
tudinally along the groups of laminations 3§
in positions as indicated in Pig. 7, wherehy the
groups of laminations 39 may be positioned be-
tween the legs of the laminations §0 as just in-
dicated when the groups of laminations 36 are
inserted and pushed downwardly between the
upturned ends of the Jaminations 9 to abut by
their under edges the top ends of the lamina-
tions 3.

The various laminations 36 and 39 positioned
as above described are maintained by pulling
snugly up against the opposing outer sides of the
entire stack of laminations clamp members 42
and 43 by means cf top bolts 44, 45 and an under
bolt 46, the top bolts passing over the top edges
of the laminations and the under bol; 48 passing
under the lower edges thereof. Nuts on these
three bolts. are tightened up sufficiently o clamp
the pile of lamiriations securely against displace-
ment between the two clamp members 42 and
43. These clamp members 42 and 43, as indi-
cated in the drawings, are sufficiently well ribbed
to prevent distortion so that there is no danger
of accidental loosening of the-laminations held
between those members once the bolts are snugly
pulled up.
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These two clamp members 42, 43 thus assem-
bled about the intervening bar laminations are
hinged by a bolt 47 passing-through ears pro-
vided at the upper outer corners of the housing
sections 2| of the respective housing members 16,
IT and rearwardly and downwardly extending
ears 48 and 49 projecting: respectively from the
clamp members 42, 43, ‘It is pertinent to note
that the axis of this bolt 47 is located in reference
to the curvature of the ends of. the legs of the
laminations {0 to be slightly back of that center
of curvature and within the plane of the under-
‘side of the laminations 36 and:39, and further
so- located that when the bar 35 is rocked to
the closed operating position to have its respec-
tive tongue-like end projections interleaved be-
tween the upturned tongue-like projections' of
the: core laminations 10, the curved ends 40 of
the laminations 39 will snugly abut the curved
upper ends of the laminations 10; the straight
ends 41 of those laminations snugly abut the
-inner vertical edges of the upper ends of the
laminations 10; and the under edges of the lami-
nations 36 will: be in abutment with the top
ends of the laminations 13.

- the bar 36 to swing it around into an open posi-
tion, as suggested- by the dash lines in Fig. 1,
this swinging motion being conducted -about the
hinged bolt 47, the difference in locations of the
hinged bolt center and the center of curvature
of the legs of the laminations 10 cause the lami-
nations in the bar 3% to lift from their respec-
tive abutting positions, as above indicated, with-
out dragging over the abutting . surfaces. In
other words, those surfaces gradually separate
so that the bar 35 may be readily swung to the
open position and back to the closed position.
The frictional resistance then is only that arising
between the sides of the interleaving groups of
laminations.

- It is necessary to prevent completing a metallic
or an electrical conducting circuit around the
core through the various housing, clamp and bolt
members. This is done by insulating the inter-
connecting bolts in such manner as to avoid the
completion of this circuit. For example, all of
the interconnecting bolts may have an insulat-
ing thimble 50, Fig, 3, surrounding one end of
each bolt to insulatingly separate it from the en-
gaged member, such as the clamp 42, the thim-
ble further being provided with a flange against
which the bolt engaging nut 51 may bear. Such
means for interrupting the circuit through the
interengaging bolts may be employed in conjunc-
tion with all of the bolts, or only those bolts ap-
pearing on one side of the core, that is, on the
inside or outside. The essential thing is to pre-
vent the completion of an electrical circuit
around the core which would in effect form a
single turn winding.

As a means for securing the hinged core bar
35 in closed position, a pin 52 may be inserted
through upturned ears 53 and 54 provided on
the upper outer corners of the respective housing
sections 22 of the housing members 86, 17, Fig. 3,
and through downturned ears 55 and 56 extend-
ing respectively from the clamp members 42 and
43.. The pin 52 may be secured in this interen-
gaging position by any suitable means, such as
by a cotter pin 51, Fig. 1. For convenience in
handling, a carry strap 58 is attached by looping
ends over the bolts 30 and 47.

In order to prevent accidental shifting of the
various laminations grouped to form the bar 38,
when the bar is swung into the open position,

Then upon lifting o
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stops 59 and 60 are provided on the respective
outer upper end faces of the housing members
16 and 17 to form abutments against which ends
of the clamp members 42 and 43 will strike upon
a predetermined degree of opening of the bar.
Since the members 16 and 11 are symmetrical
(to avoid having to form right and left hand
castings), these stops 59, 60 will appear on both
ends although they are only used on that end at
which the bar 35 is hinged. In this regard the
hinge bolt 47 and the locking pin 52 may be
interchanged so that the stops would be used on
either end, depending upon the location of the
hinge axis. It is to be noted that in conjunction
‘with the use of non-magnetic material in the
members 16 and 17, the clamp members 42 and
43 are also preferably made out of a non-mag-
netic material, such as aluminum,

Preferably an insulating terminal board or
plate 61 is mounted in the nature of a cover over
the chamber appearing within the boundaries of
the flanges 19 and 20 above described as extending
outwardly from the plate I8 across the lower por-
tion of the transformer core. This board 6f in
the present instance is held in position by means
of the bolts 27, 28, 29 and 80 passing there-
through with their heads or nuts, as the case may
be, bearing thereagainst from the outer face.
Terminals 62 of any suitable number, herein shown
as three, are carried in spaced apart relation by
this board 61. The number of terminals to ke
carried by this board will depend upon the num-
ber of circuits to be taken from the windings i4
and 15 on the transformer core. In the present
showing, Fig. 1, one lead 63 and 54 from the re-
spective windings (4 and 15 is carried in each
instance to the outer terminal 62 while the other
two leads 65 and 68 are carried to the central
terminal 62. These leads 63, 65 and 64, 65 are
brought down from their respective windings 14
and 15 through windows 87 and 68 respectively
provided through the flange 18 and extending up-
wardly to open within the housing sections 21
and 22, These terminals 62 are provided for suit-

5 able connection with any type of current indi-

cating or recording device as may be desired to
be. employed to determine thereby the amount of
current that may be flowing in a primary con-
ductor (not shown) about which the transformer
core may be closed. As a finishing means, for the
sake of appearance, 2 board 6§ similar to the
board 61 is mounted across the lower chamber
provided in the housing member 15, Fig. 6. Ob-
viously the terminals 62 may be mounted on either

h one of these boards 61 or 69 as may be desired,

or both boards may be employed as terminal
panels. The board 69 is held in place by the bolts
21, 28, 29 and 30 passing therethrough the same
as in the case of the hoard 61.

In this regard, as above indicated, the trans-
former is intended to be opened by swinging the
bar 85 outwardly to permit bringing the trans-
former around the conductor, the current flow in
which is to be checked, so that the bar 35 may
then be closed to have the current carrying con-
ductor extending through the opening between
the legs of the transformer core and the upper
bar 35 and the lower integrally connecting part
of the core. It is then only necessary to connect
the indicating or recording instrument to the
terminals 62 to obtain a reading. The trans-
former may be constructed for any number of
primary current ranges such, for example (with-
cut any limitation thereto), as 150-300-690
amperes. If the primary conductor is looped to
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pass through the opening :in the dransformer
twice, then the ratio of the turns of:the -secondary
winding to ‘those of the primary conductor .or
winding would be, for example, 160 to 2 instead
of 100 to 1 when the primary conductor ‘is :car-
ried straight through the transformer opening one
time only. In .other words, considerable range
may be had with the one.particular size:of trans-
former:and one particular.set.of secondary-wind-
ings. ) o

By reason -of the employment of the housing
16 and 1, not cnly are the core Jaminations se-
curely fixed one telative :to the other, -but the
secondary windings and interconnecting leads:are

thoroughly protected from mechanical -injury. .

Most important, however, is the arrangement of
the ninety -degree interleaving -of .groups of the
core laminations in respect to the shiftable ;bar.
By this ninety degree interconnecting arrange-
ment, the magnetic core is tightly closed without
leaving any appreciable air gaps ‘between the
groups of laminations. The rounded end .U-
shape laminations which confine the ends-of the
laminations in the various groups aid greatly in

permitting the easy insertion of the correspond- .

ing ends of the tongues formed in the -shiftable
bar 35 between the groups of laminations 40. Al
of the laminations are made out of high perme-
ability, low loss, silicon steel. The tongue-like

extensions from the ends -of the bar 35 and from

the upper ends cf the main part -of the trans-
former core are spring-like in-nature sothat when
the tongues, particularly at the :free end of the
‘bar, are entered between the upturned ends of
the transformer core leg below, there is -exerted
4 lateral spring tension to further aid in forming
a very tight fit between those interengaging
tongues. At the same time this fit while snug
permits opening of the bar 35 without .exerting
any undue strengih on the -part of the operator.

Thus it is to be seen that the protection by the
use of the looped, U-shape laminations i and
31, the various laminations 10, 13, 36 and 3%-may
be brought through the ninety degree joint into
respective abutment without the bowed ends of
these protective laminations spacing the -other
laminations one from the other. While ~the
U-shape laminations: I and t3 Lave been de-
scribed and referred to as.each being an integral
member, obviously it is possible to -build ‘these
elements up into the desired U-shape by stack~
ing straight pieces-or L-shapes one-cver the-other
into the resultant U-form, the important feature
being that the corefor one side open for closure
‘by the laminated bar 35. Therefore it is -to be
understood that in employing the term “U-shape
laminations” in the claims, that term is intended
to include either integral laminatiens or lamina-
tions built up into the resultant U-shape accord-
ing to practice well known to those -versed in the
art.

While I have herein shown and described my
invention in the one precise form, it is.obvious
that structural changes may be employed without
departing from the spirit of the invention and I
therefore do not desire to be limited to that pre-
cise form beyond the limitations.as may be im-
posed hy the following claims.

I claim:

1. A split core current transformer comprising
a laminated open end -core-built up from -2 plu-
rality of alternating group .of U-shape stacked
laminations, both legs in-one group being shorter
than those of the other group, whereby tongues
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and .grooves are presented across the gnds of the
core; & laminated : core closure bar built up of &
plurality of alternating groups of long.and short
laminations to form grooves across the bar ends
between -tongues; means for hinging said bar
relative ‘to said .core to .open:and close the .core
through said:bar across the ends of said core legs
0 ‘have ‘the ibar' at substantially ninety degrees
4o ‘the .core legs :in -the closed position :and the

-under -edges .of the tongues -of the bar .across

through ‘the grooves interleaved between :the
tongues of the legs of the core,.and to have the
ends of the shorter bar laminations substantially
4n abutment with the inner edges.of the tongues
of said legs.adjacent their ends; a winding about
8t least .one of said-core legs; core lamination
position. :securing -means comprising -a 'pair -of
plates ‘interconnected by bolts to grip lower por-
itions .of .the :core laminations ‘therebetween and
.each having upwardly extending members to pass
over said winding and -around against the lami-
nations -adjacent their upper leg ends; -bolts in-
terconnecting ‘said members; a ¢lamp plate on
each side of said core closure bar; bolts inter-
connecting the bar clamp plates; said hinge
means interengaging with one -set of said mem-
bers and said-bar-clamp plates; said members-con-
sisting -of non-magnetic, metallic housings en-
circling said ‘winding, edges of housing sections
about -each leg being separated to leave an elec-
trical non-conducting gap therebetween; flanges
out-turned from said core lamination engaging
plates ‘forming floors across the lower ends of
said housing sections and also defining-a cham-
ber; -a terminal board ‘mounted -across said
flanges to inclose said chamber; and terminals
on said board -interconnected ‘with said winding.

‘2, A split core transformer comprising a lami-
nated open -end core built up ‘from a plurality -
of alternating groups of U-shape stacked lami-
nations, both'legs.in one group being shorter than
‘those ‘in ‘the other group, whereby alternating
tongues and grooves are presented across the
ends .of ‘the core at its open end; a secondary
winding -about at least .one of said legs; a lami-
nated -core closure ‘bar ‘built up of a plurality of
alternating groups of long and short laminations
to form ‘at -each end alternating tongues and
grooves to match those of said core legs; hinge
means forming a bar pivot axis located outside
one of said legs rockably supporting said bar to
permit it to swing to have both its ends inter-
‘leave ‘with the ends of .said core legs; the inner
upper portions of the tongues of said one core
leg being curved around from the outer side of
the leg and .downwardly on the inner side; the
ends of the shorter laminations of said bar at its
‘hinge end being curved to fit the curvature of
said leg tongues upon bar closure therewith; and
the center of curvature of said’leg tongue curva-
ture being removed from said bar hinge axis;
whereby said bar may he swung about its said
axis to bring the respective laminations into in-
terleaving, end to side abutting relations to com-
plete a magnetic .circuit of low reluctance.

‘3. A split core transformer comprising a lami-
nated open end core built up from a plurality of
alternating groups of U-shape stacked lamina-
tions, both legs in one group being shorter than .
those in the .other group, whereby alternating
tongues and grooves are presented across the ends
of the core at its open end; a secondary winding
about .at least one. of said legs; a laminated core
closure ‘bar built up of a plurality of .alternating
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groups of long and short laminations to form at
each end alternating tongues and grooves to
match those of said core legs; hinge means form-
ing a bar pivot axis located outside one of said
legs rockably supporting said bar to permit it to
swing to have both its ends interleave with the
ends of said core legs; the inner upper portions
of the tongues of said one core leg being curved
around from the outer side of the leg and down-
wardly on the inner side; the ends of the shorter
laminations of said bar at its hinge end being
curved to fit the curvature of said leg tongues
upon bar closure therewith; and the center of
curvature of said leg tongue curvature being re-
moved from said bar hinge axis; whereby said
bar may be swung about its said axis to bring
the respective laminations into interleaving, end
to side abutting relations to complete a magnetic
circuit of low reluctance, the other of said core
legs at the free end of said bar having the outer
ends of both its short and long laminations ter-
minating in lines at ninety degrees to the edges
of the laminations.

4. A split core transformer comprising a lami-
nated open end core built up from a plurality of
alternating groups of U-shape stacked lamina-
tions, both legs in one group being shorter than
those in the other group, whereby alternating
tongues and grooves are presented across the ends
of the core at its open end; a secondary winding
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about at least one of said legs; a laminated core
closure bar built up of a plurality of alternating
groups of long and short laminations to form at
each end alternating tongues and grooves to
match those of said core legs; hinge means form-
ing a bar pivot axis located outside cne of said
legs rockably supporting said bar to permit it to
swing to have both its ends interleave with the
ends of said core legs; the inner upper portions
of the tongues of said one core leg being curved
around from the outer side of the leg and down-
wardly on the inner side; the ends of the shorter
laminations of said bar at its hinge end being
curved to fit the curvature of said leg tongues
upon bar closure therewith; and the center of
curvature of said leg tongue curvature being
removed from said bar hinge axis; whereby said
bar may be swung about its said axis to bring
the respective laminations into interleaving, end
to side abutting relations to complete g magnetic
circuit of low reluctance; the laminations in each
of said bar tongues at the outer free end of
the bar being compressively held together by a
U-shape clip having legs extending along the
sides of the outer laminations of the groups form-
ing said tongues, the clip legs being joined by
an outwardly bowed section; and a corresponding
clip likewise engaging the laminations of the:
tongues of the corresponding end of the core.
ROBERT B. ANNIS.




